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SUE KA WL SRR PRl = B TR FHE S ThRE 7 1

1 W 1 1 1 a1 2 1
wAEY, AR, kEH Ha", 22T BT oW
EER, s, g, EXA% REW, REEY, BA
Ve PRI RS R A RS B2, e VR AR 2 RE PR IE 5 A A AR B e B T IR B, 2K 246133
ZHIHT T K 24k 2 5 2R Bl 22 2205, & 321004

WE  HYREEECE DB YR AR K E R, A AR bR SR R TR . K W AL AR (Pinus
dabeshanensis ) ¥ [E bx H SR R4 BB FABIfEFr, B B ZEH RANME . %0 7R 16S IRNAEDEEIN TR AR5 EME R
D5, WG I L U RAAR PRl b B VR AR S ThRE AT o0 M. S5 RS, KON HAEHAR BRI AE M I E TN
AT T AT BRAT W T IR 1o PIZS 2 T 3R , R L LT FA R R4 1 S B A7 AE B35 AH 2, H v Bryobacter
J&+ Bradyrhizobium/& 14 & X TKL10JE & T M 2% v i) 245 i . PICRUSH Iy 5 Tl % B L AR M) 2 Dy R 3= B s A
BRI S AN . 4 M B/ J/ A O 2 DL R e B P AR BG4 . FAPROTAXIZORE TN I, Kb HAHARIR B & B A H
HEAFEENNSEFR. FEZKE. TEMFERAEMNEEIRE, AEDERKKEAEFEZEMN. HASENEEM#
SRV IR 1Ly T s AR B A 2 00 B % Al 2 42 R0 1D T ) P 4 TR AR

KEIR PR, KAWL TR, IREPRATE, S ENT, EARE
AKE, REN, KEER, B8, /KR, 28T, BN, ERG, LT, SBE, RXA, REW, RERF, B/ (2022).

WU R R0 L T Fa KR bR AR G BEVE RS AL S DU RE 0 . M54 57, 457-467.

K0 g (Pinus dabeshanensis) & K 5 1l
A i (B2 R )RR Y . 7RI A
B0 RS R R R S R, H AR AR
AMAAIL T 22 1 4 8 AN v Ak s i B B T
FhAh T Wl K A 1 f B RS, 19784F, K il L
B B B AR O 7 Bk B A1 O Wi fE ) B (Lucas and
Synge, 1978); 199245 i v [H £1 i 1551 Ay [ 5 — 4%
2#Pifa Ry MY (Fu and Chin, 1992). H1960%
PASRHEAT 7 LRI G AT 3, AP B SR R EEAT)
Ab T A WD R B

AR D AE R, AR S —
FEDRAH, X R 4 B AE K 22 0C H 22 (Berendsen et
al., 2012). HY)- A YA HAE W SR B, HARe08

ks H 3H: 2022-03-07; #:52 H i#H: 2022-05-30

I3 FAR BRI YD REVE, T AR RO A P 0 A 5 e A
Y1) {g BE 4 K (Reinhold-Hurek et al., 2015). fEHAIHR
5 43 W T AU ) A1 HC AR B A AR 0 1 AR R )
(Zhu et al., 2017, 2018). &2, MR @ FE AL
B IR AR AR IR A5 S A AR 1 55 5% B
B a5 . HORIRE R )R 32 0 A AR A 52
#i(Nihorimbere et al., 2011). 7EXlIFE(Oryza sativa
subsp. indica)fi it & & K &S 55 AW MAED
FEAR, HAERURS B R R rh B AR FE AR b s 57 & 4R
AT, ATHR SRR XA HLEI A, R
ARK(EFEMARME 4, 2019). EK(Zea mays)iRFr
BRI RSP W ST SRS [BA
O E A, [ AL AT (Paenibacillus

HETH: ZHE A RREEEE S (No.2108085QC138). & & A HEFL 15 JF & 1 %I (N0.202104f06020024) . [H 5% [ 4R R} 2 4 4
(N0.31800316). 24 = 1 5256 = FF i3 4 (No.Wy2021001, No.Wz2021002, No.Wsz202204, No.Wsz202207, No.Wy202206).
i 1% B AR B B 5 T H (No.KJ2021A0647) F 4 A # 6)Mk I H (No.202110732044X) 22 B4 K 4 A= 6 8 Ak Il 2k 31 &Il
(N0.5202110372104X, No.S5202110372107). 20214F i 22 R vt K22 B 9 A 2% - IRAR 0 H (No.2021aqnuxskc02) A1 5t A 2 #rt i 2
T H (No.2021agnujyxm64).  “HUHE 5”7 66k 51 4k F022 PRTTE K 2 20535 H (No.2019aqnujyzc127)

t EFEE—EE
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triticisoli) BJ-185K5}) F KM BRAHE | [F %0 1 AL 1
ARk (Li et al., 2021). AEY). YA 1)
TEEE IR EAEH . YRR Z WA SEYAH
1 BRR E X3, B4 SR R 50 WA RO i 1D 520

MR BRI RAEY), 0 (R B R A K AR B 4 1
TEAE ) A= R B i 3 % 5 5 224 F (Sarkar et al.,
2018; Tiepo et al., 2018). FHYITEE KT FEF T3 )
MRBRBEEZ B AE S PEYI BT BESR A B R, sl R
EIMAEYAERRBRE S, fmaR bR ) 2 A E AR VR
gh), PRILTAE PN FF ERRE R . AR R SIS AR T,
S REM L, BAER(O. rufipogon)Hh HHE =4 5
FIFH S S P I IR 3= R R B AR X R B A S v, R
B AR 8 AR BRI A P AEAE R e AR D e 7 TR 4R B
FIAEZS P (Tian et al., 2022). fEAEY A KB Bt (Fierer,
2017; Keswani et al., 2019), A=Kt ilt i (Bacillus).

A=W I% fi# i (Bryobacter. Arthrobacter. Candidatus.
Solibacter. Tumebacillus 1 Acidothermus) i [& % &
(Rhizobium 1 Bradyrhizobium) £ /4~ 2 45 vk 1% 5
LAF i (Jacoby et al., 2020). 335 1 5 Y6 IR A g
# (Pseudomonas fluorescens)fE = A= itk g i, i 1k
BRI VAT % A AR A 93 SR AR S O ik 7 B (Fusarium ox-
ysporum) A=, AT a1 42412 2k A 1 4 4 (Noman
etal., 2021; Trivedi et al., 2021). ZFfEAT B J& 7] LU
REEHE N (Cucumis sativus)ii b 52 58 50 1A= i e
AR HEH AR (Xu et al., 2018). 4R, PR
AV A G SR ZI Y I A AR ARE
(Qu et al., 2020), FERYIHL R E TE A 9 HoAE £
RO T U2 A 25 ThRE(Bano et al., 2021). R E#K
7822 (RIE 70 3% AR B S AR M v AT 98 K T E (Baba-
lola et al., 2021), {EXf A5 th FLEHAR AR BR AP0 RE
S (R EARBLE B AR, Ak, AT AR Bris A4
M &M s DiRe sz £ BT, A XA st
FARIBEFE 3 B R AEREVA P EE . MR AL 8L 2 A
PERIGER ST, AR IR0 L T FA AR BRI AR ) TR
FEERAE (AR SSHIF S RIE - 16S rDNAY 7 7 H A
T B AT 20 S 8 N1, B R A
MR R SR R A5 2R FE A TR
AR AR B RE A T S E R R 2H, BB oA
iR PR ATHERG S0 R . AR A55(2020)R H116S rDNA
AR X 4E 22 (Allium - tuberosum) R B A 9 £k
MEHET T 8T. T4 (2021) K% iE5 0 1718

RIS F /KPR B N 1E 40 B A2 k. H AT
16S rDNAM 7+ At /2 F T 2 A8 4 B A DU (1 #4417
ik —

zi b, AR FLE AR BRI Y R 5
BEIRIT R A B, K H16S rRNAR Il &l 7 7 4
ORI ULy A R B i A A B 3R AT AR AE 43 B AN Ty e
T, B TE B DK 1L LA R PR A B T SRR AE,
a7 R L A R - A P AR EAE B 25 5 R
IF) B, S 2R 31 L A AR B i A 4 B D e 5 )
PR BRI

1 MR5HE

1.1 HRRE

AHE 5T T K ) 1L FL A (Pinus dabeshanensis W.
C. Cheng & Y. W. Law)F¥ i Bt B 2 0% 76 B b i
(116.07°E, 30.83°N). 7EFLEMAMCREEX RN, KA
[F]—FE 7 3miR G IR, ERE20MNMREFEA. %
57 LB e P L3 FRIME S, GEY. —
SR AR B AR, B EEAATE Y. B RS
PAF10-20 cmkb i) FETFAAR B35, 42 2IAR br 2 2
A, SegS L bR R E R Ak, RIE I EERIRI T
Bt 1 LT P MR B fr 458 . Stk 5 0 L P 1) T o i
FPARBR R —HURE, FH2 mmfLAR TG B 7 0 R it
i, DAEBRIEDA /NG, R 55 5 6 R S BN
THEPE t, SERIER A T AR, JFT-80°Co%
PR AE

1.2 16S rRNASEENF

1.2.1 DNAIRERY 1

TERR LR RA 23 S BB AR B, SR 5 K 34 TR &1
iy, SRF1ADNAFEA . HRE204MFEAR, FHT16S
rRNAIFE . 43 1% i DNeasy Power Soil Kit (Qiagen,
Valencia, CA, USA)FIQubit® dsDNA Assay Kit (Life
Technologies, CA, USA)#2 A1 45 S.DNA, I-1E
%35 JIE B Bk e _E A6y I DN i A B ANTBR 7 V5

1.2.2 lllumina Miseqilll &

FH 2% 35 I W e 1 T 20/ FEAR IO PCR ™), B Js F
AxyPrep DNA Gel Extraction Kit (Axygen Bioscien-
ces, Union City, CA, USA)4litk [al =9 1% 2%



FIRE A

JIg B 4% e H vk A W, >R A Quantus™  Fluorometer
(Promega, USA)EATHI . 58 i 5 18 FINEXTFLEX®
Rapid DNA-Seq Kit#F47 @ . A5y TAEH -
g3 3 AR IR 2 RHE A IR A Wl fEMiseq PE300F &
52 /i (Eren et al., 2013),

1.2.3 ¥FEnE

f ] Trimmomatic # 14 (http://www.usadellab.org/
cms/index.php?page=trimmomatic) ] J& & il 5 ¥ 4
HEAT 4%, FFLASHEFE T Hf 42 . R HHUPARSE#K
4 (Version 7.1, http://drive5.com/uparse/), LL97%
HARALRE X 7 #1647 O TU R SR 50 B 7 41 ik & 44« H)
FRDP classifier (http://rdp.cme.msu.edu/)5 &% /7
TP Fh o AT RS, LLXT SilvaZidi FE (SSU128),
WHE X BIE NT70% (Edgar, 2010). X FastTree
Version 2.1.3 (http://www.microbesonline.org/fast-
tree/) 73 KL TR IR BRICE IR RAE K AES
ALK R . K F PICRUSt# {4 (https://github.com/
picrust/picrust2) %} 16S 4™ 54 -l 5 45 5L 13k 47 T GE i
. FFfBugBase (https://bugbase.cs.umn.edu/)%
At R R0t LB AR bR A= D AL AT = KPR
RIFFI 4347 . iEFAPROTAX #4:(http://www.zool-
ogy.ubc.ca/louca/FAPROTAX/lib/php/index.php?p=
Instructions) T K 71 1l F &+ FA AR Br sk 4= 4 = B i
20 M DR .

2 HFR5i1e

2.1 KAWL F SR BRI M4 RCFFE
20 FF AR 2 X0 3 7 41 Jo 4% B 42 S A5 2R AL T )
1047 8625k, PAFFEAMALTHH8IE%433 405 536
bp, BT A FEAN T 5F 3K B 15413 bp.

FENTHIK- B AT FEAS 7 50 R 0 i, 45 R
B, KoL AR FR A 3t R #1208 1, H
HRAR AR 115 3 WA FE 1 ] (Proteobacteria, ~F-144H
X} = E8134.5%)- F& AT 1 1 (Acidobacteriota, “F#3#H
Xt N21.4%). T2 ] (Actinobacteriota, T+
A XT3 N 12.5%) F 2825 5 ] (Chloroflexi, ~F 34
X RERN12.4%) . BB T S PR = B 1)
80.8% (K1),

TEJBHKF b, i AR R, il g
P R B A A ) A R B W o 4 A5 IS B0 A X =

WAL T AR PR RV R S DI RE T 459

i EEu42.3% o IR R 42 BE o HOK T-5% 1) & 32 20y
Xanthobacteraceae J& ( #f %f £ & 5 7.2%), Sub-
group_2J& (i X} 3= 5 7.0%) FlElsterales & (% &
£ 46.6%) (E12).

22 RIALBESFLRFEREMMEEEXR

FE R L T FA R BR AR AE ) I 265 23 BT, 4 ]
AR 2 ) s M, BRI R REONT, 4
VIRRIAIAR AR Y s i) J LA ER R &R, MR R R
B0, RERHBA, WWAEE, EHEHKF
R TR 20 A AT 0 T, 45 SRR, Bry-
obacter/&. Bradyrhizobium/& fITK10/8 K 2N
1, PLAcidobacteriotal ] fllProteobacterial ] [\ ¥l 5
Foe e e BAE G RECH B % . H X ChCan-
didatus_Solibacter &, % R N0.67, 11 N4,
Acidothermus & %3 2% 50.50, 75 i 4. Hh
Xanthobacteraceae J& % 1) 17 i Hii 2, N7, Tim
(1) 2K R4 080.38; H ik ZElsterales)®, 17 a1 %
K 5%50.30. {HZAD3JEFHSB_OF53-FO7 & 17 A
IR RBONO0, TR MRS, AL, 2% 5 H
W ORS00 L B A AR B 4 B 2 2 () A7 A W L 1 IF
Uik PRSI B

2.3 KAEWLWAHRRERENMRFERESHLKR
i 1t FastTree 844 73 At K Ll To A4 R Bm A= P B
KRG RESHNRR, FEIEPKY B3R5 ER R
(IFE, A% (neighbor joining, NJ)RE A )
Ll T A MR bR A W) 8 Ry KK = LT 10194
by, g5 R UL Sreads 3 5 4H A K R
2 (K4). KBradyrhizobium Jg 1 Xanthobactera-
ceae&sh, Kl fusttaRE T — 3. A JE
Elsterales & 15 3 & J& I [R5 14 &%y, H k2 Acidi-
bacter)& .

2.4 KA A SHRRBRSE LA TH gE TN

241 COGIhgEs %4t

3 PICRUSH Ty R T30 43 A K00 L T A AR B 4
WL Thie, sERRH, KA AR BRE Y 4 3l
Re BB S Thae il . AR IS AU . 40 B BE/ i/
AR A R AR LR AS 5 5 S LI AR 5%
(E5),
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10 Community barplot analysis
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Figure 1 Species composition of rhizosphere microorganisms of Pinus dabeshanensis at phylum level

The abscissa is the sample number, and the ordinate is the proportion of different species in the sample at phylum level.
Columns in different colors represent different species in the sample, and the height of columns represents the proportion of the
species.
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Figure 2 Species composition of rhizosphere microorganisms of Pinus dabeshanensis at generic level

The abscissa is the sample number, and the ordinate is the proportion of different species in the sample at generic level.
Columns in different colors represent different species in the sample, and the height of columns represents the proportion of
the species.
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Figure 3 Network analysis of rhizosphere microorganisms of Pinus dabeshanensis

The size of nodes correlated with the proportion of species abundance annotated. The red line indicates positive correlations
and the green line indicates negative correlations. The thicker the connecting line, the higher the correlation between species.
The more connecting lines between species, the closer the relationship between species.
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Figure 4 Phylogenetic analysis of rhizosphere microorganisms of Pinus dabeshanensis

Each branch of phylogenetic evolutionary tree represents a species. The branches are colored according to the high taxonomic
level of the species. The branch length is the phylogenetic distance between the two species, that is, the degree of species
difference. The bar chart shows the proportion of reads of species in different groups.
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Figure 5 Classification and statistical analysis of cluster of orthologous groups of proteins (COG) function of rhizosphere

microbiome of Pinus dabeshanensis

The abscissa represents COG secondary function number, and the ordinate represents function abundance.
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6 KL FAT AR PR M - R T TR
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Figure 6 Species-phenotype contribution of rhizosphere microbiome of Pinus dabeshanensis

(A) Gram positive phenotype; (B) Gram negative phenotype; (C) Biofilm forming phenotype; (D) Anaerobic phenotype; (E)
Aerobic phenotype; (F) Facultatively anaerobic phenotype; (G) Pathogenic phenotype; (H) Stress tolerant phenotype; (I) Mobile
element containing phenotype. The species-phenotype contribution shows the main species composition of a specific pheno-
type, it reflects the corresponding relationship between species and phenotype. The abscissa represents all samples, different
color represents different species, and the ordinate is the contribution of different species in the sample to this phenotype.
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Figure 7 Functional heatmap of main species of rhizosphere microorganisms of Pinus dabeshanensis
The abscissa is the sample number, the ordinate is the function name, and the color block gradient shows the abundance
changes of different functions in the sample. The right side is the value represented by the color gradient.
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Characteristics and Function Analysis of Rhizosphere Bacterial
Community of Endangered Plant Pinus dabeshanensis
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Abstract Plant rhizosphere microbial community markedly impact on the healthy growth of plants, and each plant
rhizosphere has its own specific microbial community. Pinus dabeshanensis was listed as an endangered species by the
International Union for Conservation of Nature, and it is very important for scientific research. In order to explore the
characteristics and functions of rhizosphere bacterial community of this endangered species, high-throughput sequencing
and bioinformatics analysis on bacterial 16S rRNA were used. The results showed that the major species of rhizosphere
microorganisms of P. dabeshanensis were Proteobacteria, Actinobacteriota, Acidobacteriota and Verrucomicrobiota.
Network analysis showed that there were significant correlations among rhizosphere bacterial groups of P. dabeshanen-
sis, Bryobacter, Bradyrhizobium and an unidentified genus TK10 were important nodes in the network. PICRUSt1 function
prediction indicated that the microbiome functions mainly involved with amino acid transport and metabolism, cell
wall/membrane/membrane biogenesis, energy production and conversion. The functional prediction of FAPROTAX
showed that the dominant flora in the rhizosphere of P. dabeshanensis had functions enriched in such processes as
chemical heterotrophic, cellulose hydrolysis, aerobic chemical heterotrophic and nitrogen fixation, which plays an impor-
tant role in plant growth and development. The results of this study provide a research basis for cultivating healthy
rhizosphere microbial flora for P. dabeshanensis, and for the development and utilization of microbial resources for a
better growth of plants.

Key words endangered species, Pinus dabeshanensis, rhizosphere bacteria, high throughput sequencing, flora cha-
racteristics
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