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Abstract: Pinus dabeshanensis is an endangered plant. In order to explore the community characteristics and
functional diversity of plant-associated microbes, the compositions of rhizosphere microbiota and root endophyte
from P. dabeshanensis were analyzed based on the high-throughput sequencing technology. Then the functions of
bacterial and fungal communities were predicted by using PICRUSt and FUNGuild software, respectively. The
results were as follows: (1) The rhizosphere soil samples exhibited higher operational taxonomic units (OTUs)
and a-diversity indices relative to those of the root endosphere. (2) Rhizosphere microbiota were mainly
composed of Firmicutes (genus: Listeria), Proteobacteria (genus: Acetobacter), Ascomycetes (genus: Fusarium
and Chaetomium), while root endophyte were mainly composed of Firmicutes (genus: Lactobacillus and Bacillus),
Ascomycetes (genus: Cladosporium), and Basidiomycetes (genus: Pleurotus and Chaetomium). (3) The functional

annotation results showed that the rhizosphere microbiota community was prominent in cell mobility,
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environmental adaptability, and amino acid metabolism, etc., while the root endosphere bacterial community was
prominent in enzyme family, digestive system, and energy metabolism, etc. Both rhizosphere fungal community
and root endophytes contain symbiotic, saprophytic, pathophytic and cross-trophic fungal groups, and
ectomycorrhiza are more abundant in root tissue. Collectively, there were differences in flora richness, community
structure and functional diversity between rhizosphere microbiota and root endophyte of P. dabeshanensis. The
study contributed to knowledge of the structure and function of rhizosphere microbiota and endophytes of P.
dabeshanensis, and it provided a theoretical basis for the later development of potential microbial agents for use in
promoting plant growth and controlling plant diseases.
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2 B - 2R 1K 3 PowerSoil® DNA Isolation kit(MoBio, U.S.)i 75 & it B 5 (1 77 142 B DNA. )
BRRE L2 T5% IR 220 W EE T R 2R A S B = H IR VRAL B (CTAB) 7255 5 2%, 2005) 42 BLEL DNA .
) FH Bt i W s HEL KRG ) DNA 46, B & AR DNA T304, (8 CE KPR FEA S 1 ng-ul!.

1.3 PCR #3%

DARE R J5 I 2 R 20 DNA SR, AR I e XS i £, {3 A4 Barcode %7 5% 5147, New England
Biolabs /A 7 ] Phusion® High-Fidelity PCR Master Mix with GCBuffer UL % & &% = R EL B 4T PCR #71%. H:
o, 4l KX H 16S DNA V4 [X %t (515F: 5-GTGCCAGCMGCCGCGGTAA-3' Hl 806R:
5-GGACTACHVGGGTWTCTAAT-3") , H X M ITs1 X 3 (ITS5-1737F:
5'-GGAAGTAAAAGTCGTAACAAGG-3' F1 ITS2-2043R: 5-GCTGCGTTCTTCATCGATGC-3") #t 417 7 14 .
PCR % VA4 £ A Phusion Master Mix(2x)15 pL, Primer(2 pmol-")3 uL, gDNA(1 ng-uL")1 pL, H,O 11 pL.
SNSRI  98 °CTARME 1 min, 30 PMEFR(98 °C, 10 s; 50 °C, 30 s; 72 °C, 30 5); 72 °C, 5 min. %] Bio-radT100
BiEE PCR X, PCR P=W{s FH 2% FE B IR B e B bk Al , AR PCR P2k BE HEAT S5 IR BETRFE, 70
VRS JE A3 1xTAE W 2% B IR BE B e pk 2li4k, PCR 724 o, P¥palifv k57 & fd F Thermo Scientific
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FUNGuild A0 R L FAT AR BRid A= 9 58 3= FE T 35 FIPFmdt AT T Shie Tl .
2 RE5
2.1 RS 53 H
ZLUMTE 16S rRNA /047, 4HE 3E3545 380 377 2643 %074, Horp 3 AR b 3 RE B (0P 20 F
BFHIH 62 202 4, “FHIFFHIKER 416 bps 3 iR LURE 5 P H 80T 51 8 64 591 %, PP 51K
FEN 409 bp. ZEE ITS MF/0HT, EEILIRE 389 661 KA RUTH, b 3 UhHE bR -3 FE 5 1P 2045 3%
FEBIA 66 142 %, “TF¥IFFIHKE R 261 bp;s 3 ML SURE i I F3B U7 5108 63 745 %6, PP HIK
9 268 bpe MSIAEA ¢ K50 0T 45 R Bk, MR PR SR S FIAR S AL 2R A 80T P B2 e A B3 (P>0.05)
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CR. Root tissue sample; CT. Soil samples from the rhizosphere. Numbers 1-3 refer to the replicates of each sample. The same below.
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Fig.1 Dilution curves of bacteria (A) and fungi (B) in different parts of Pinus dabeshanensis
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WA 97%AALEE XS BT 1S 7 51 3E4T OTU 2K, MARBR 38 RE & p 35845 1 843 /NMHE OTU % H Al 821
ANEE OTU #H, MAREBALFIRE 1073 MWAEE OTU 2 H A 750 N E B OTU $H . b alLUE
H, TR E L ER AN AR, H41w OTU $H K T 5 OTU #H . [Fry, ATERIL, R
13 OTU £ H s TS A2 1 OTU #H : ()X T4l ki, CT 14 OTU #H (1 843)F14A 1) OTU %k
H(1492)¥) KT CR .45 OTU ¥ H (1 073)AFH 1 OTU H H (722)(F 2: A); ()X T EHE Kk, CT A
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Fig. 2 OTU venn diagram analysis of bacteria (A) and fungi (B) in different parts of Pinus dabeshanensis

2.3 KAWL RS FARERE A AL B -2 BT

CEE T . BB Mo- 2 REVEFE B AT 20, AR Bn 3R w10 S A 40 2 200 1 R BT 7 T IR 22 R AN
PEEEYE TRTHLSFE, HERARE . BRI 47 1 Observed-species 54 Chao 4.
ACE 1850737159 1 964.67. 2 071.78 Al 2 082.44 351 5.3 K TR EFBLAH ZIFE S (1 068.67+ 1 209.03 1 1 230.83),
BT .2 PE 2 % (P>0.05), 1M Shannon 8% 7.80, KR EALLIRE M (3.20) A &2 1% 2 7 (P<0.05),
FR Br 338 RE i FL A 1 Observed-species 1840 Chao 5%, ACE #8441 Shannon 54055 381.67. 406.95.
406.49 1 4.82, TR KT EHLRES K 310.67 329.04. 329, 75 A13.72 HIYT B E M £ R (P>0.05)(F

Do BWIRBNL TR Br IR W A F g M A TR N AE R E, HWHECREEER.
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Table 1 a-diversity index of rhizosphere microbiota and endophyte

N YN Bacteria H 1% Fungi
F82L Index
CR CT P CR CT P
Chao 1 209.03+88.26 2071.78+407.19 0.06 329.04+29.79  406.95+126.69  0.40
Observed-species 1 068.67+71.06 1 964.67+398.27 0.06 310.67+£36.30  381.67+135.60  0.43
ACE 1 230.83+95.09 2 082.44+405.85 0.06 329.75+29.56  406.49+126.93  0.41
Shannon 3.20+0.08 7.80+0.87 0.01%* 3.72+0.69 4.82+1.06 0.21

T RPHUE R R P bR e 22 * R ] AT B35 2 5(P<0.05).  CR. MBS CT. RBRLIEAE g .
Note: The values in the table indicate the averagetstandard deviation; * indicates that there are significant differences between

samples (P<0.05). CR. Root tissue sample; CT. Soil samples from the rhizosphere.
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Fig.3 Principal coordinates analysis (PCoA) of bacterial (A) and fungal (B) community composition in
different parts of Pinus dabeshanensis based on Unweichted Unitrac distances
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MR TLETRAMR R 3B i R4 O A0 B 20 A5 T 174 29 88 1] 342 H 437 #1671 J&, MRABALSURE M
RS A0 0 A T 91 49 40 11 195 H 255 k) 318 J& . fE1142K/K°F Lk, JEEBEE ] (Firmicutes) «
unidentified-Bacteria F17% JEZ 1 | ](Proteobacteria) AP ZHLAE b LA 1T, Horb, FIPE & R BRI 5 R A
Xof = B T T AR IR AL SURE S (JEBE T ]2 31.31%>5.48%; unidentified-Bacteria: 17.70%>2.35%), i & # fE M Px
IR S R T A T AR BB AL SR S (TR B 17]: 9.50%<23.23%) . 15 # 14 '] (Cyanobacteria) {F AR i 2 21
FEREFARIBE T, A EERN 61.82% (K 4). 1EEHIKF L, RERTIEEE 5 AT B & (Lactobacillus
0.73%) SR ER AL ZURE i (2.60%) A S 35 72 5 (P<<0.05) HAR X F FEAR TAR PR AL SURE i o AR B 338 ot DL 35 2
J& 92 W RE I TR J& (Planococcus, 14.46%), FL1/CA unidentified-Actinomarinales(5.71%)~ *F#44F B J& (Bacillus,
3.90%) MHT 15 J& (Bacteroides, 2.85%), TR ERL LI i (1 IL# B & 4 unidentified-Chloroplast(61.46%), H:
VXN unidentified-Mitochondria(14.10%)~ FLAT B J& (Lactobacillus , 2.60%)F1ZE £ 1 J& (Macrococcus , 2.44%)(3R
2).
252 HIA

MR T AR R 3R S SRS R B A T 11 11 187 J&, AREALER R BIERE G T 9
17262 J@. £ 192K L, FEET(Ascomycota). ERFEE [ ](Glomeromycota). 4z [# | J(Chytridiomycota).
B 251 1 (Rozellomycota) F14H - B | ] (Basidiomycota) Jy P4 ZELAF: i IR LA B8 1] o HL b i DY 35 ZE AR s L 388 i
FERT 2 2 8 T AR BB AL SURE S (T HE T 1] 50.56% > 47.74%; FRIER 17: 6.75%>0.18%; 7 1 1: 5.99% >
0.07%; %' 25 W 11: 5.48%>0.08%), 148 T B [ 1A X =E & 0 BAR TAR S AL 9URE S (FE T 1] 1.40% <
40.69%)(Kl 4). L@ RAKV L, BIREJE(Talaromyces) Aspergil T8 T) 1 J& (Fusarium) N A 2L b Bir 3
H, MXNFEEAFRBDAFERZEEZFP>0.05). EESFAKFE L, WO HHEELFRRAEEN
Melanocarpus 1 Pithoascus » 3 A8 T 3= FE 43 5l N 14.92% F1 3.22% , &6 4 2U6F R L 34 & & A~
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Fig.4 Bacterial (A) and fungal (B) community composition of rhizosphere microbiota and endophyte of Pinus

dabeshanensis at phylum level
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Table 2 Relative abundance of rhizosphere microbiota and endophyte at genus level

B AR AR
ek Relative abundance (%) ol Relative abundance (%)
Bacterial genus Fungal genus

CR CT CR CT
Burkholderia 0.34+0.21 — Mycena 0.46+0.51 —
Citrobacter 0.89+0.15 — S JE Rhizopogon 25.3749.61 —
Acinetobacter 1.60+0.22 — Mycoacia 6.00+£6.82 —
Enhydrobacter 0.36+0.05 — Cladosporium 0.72+0.60 —
Thermomonas 0.21+0.04 — WIRW 8 Talaromyces 0.30+0.30 0.54+0.63
Massilia 0.17+0.00 — Chaetomium — 2.09+3.27
Stenotrophomonas 0.15+0.03 — YJJE)E Fusarium 0.23+0.19 4.56£3.79
Sphingomonas 0.31+£0.04 — Penicillium — 0.52+0.15
Enterobacter 0.79+0.06 — Colletotrichum 0.74+1.14 —
Psychrobacter 0.30+0.14 — unidentified Dothideomycetes_sp 0.28+0.44 —
Bradyrhizobium 0.37+0.20 — Cladophialophora 0.29+0.50 —
Roseovarius — 0.58+0.52 unidentified Chaetothyriales_sp 0.38+0.33 —
Desulfotignum — 1.98+1.72 unidentified Capnodiales_sp 0.38+0.55 —
Desulfofustis — 0.59+0.46 unidentified Helotiales_sp 25.67+20.79 —
ACEtobacter — 0.62+0.55 unidentified Leotiomycetes_sp 1.91£2.17 —
Sulfurovum — 0.60+0.53 Thozetella 10.00+16.74 —
Macrococcus 2.44+0.73 — Cercospora 0.21+0.34 —
FAFE)E Lactobacillus 2.60£0.03  0.73+0.66* Submersisphaeria 0.78+1.22 —
TEHUFTE S Bacillus — 3.90+£3.14 unidentified Sordariales_sp 0.58+1.00 —
Enterococcus — 0.93+0.82 Catenulostroma 0.33+0.55 —
R REE Planococcus — 14.47£13.09 Saitozyma 0.3840.37 —

Faecalibacterium — 1.34+0.77 Tetraplosphaeria 0.16+0.20 —



Acidothermus 0.26+0.13 — Aspergillus 0.28+0.17 11.19+18.57
HUFFE 8 Bacteroides — 2.85+£2.13 Acremonium — 0.62+0.21
unidentified Chloroplast 61.46+1.04 — Hysterangium — 0.43+0.74
unidentified Mitochondria 14.10+1.67 — Thermomyces — 1.82+£3.12
Puia 0.56+0.37 — unidentified Mortierellales_sp — 0.38+0.35
Gaiella 0.17+0.01 — unidentified Ascomycota sp — 1.35£1.33
Sinomonas 0.19+0.03 — unidentified1 — 0.49+0.83
Acidibacter 0.42+0.07 — unidentified Rozellomycota sp — 0.60+0.78
ADurb.Bin120 — 0.46+0.65 unidentified Chytridiomycetes_sp — 2.65+£2.36
1heB3 — 0.44+0.27 Plenodomus — 2.54+4.33
Agathobacter — 0.72+0.87 unidentified — 4.52+7.76
Subgroup 10 — 0.48+0.65 Pithoascus — 3.2245.43
Ilyobacter — 0.49+0.45 Umbelopsis — 1.35+£2.33
unidentified Alphaproteobacteria — 0.53+0.73 unidentified GSO05_sp — 2.86+4.92
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e BE=TEME R 2 —FRORODZERE, SRR B A B 1% 7 (P<0.05).

Note: The values=average+standard deviation; — indicates that the class group is missing; * indicates that there are significant

differences between samples (P<0.05).
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WHE B, 0 5 9 BRAR  (Metabolism) . 18 4% {5 . 4t # (Genetic_Information_Processing) 535 {5 & Ab #
(Environmental Information Processing). g i#f#£(Cellular Processes). A %% (Human_ Diseases) G Al
Z4i(Organismal_Systems)o A7, BT RAC T I B S P 4R 5 1) 2 BEDh RE4H A, TEAR BR4H B 1 5 BEA 50.25%,
TERER P9 A 4B 1 o5 EE R 49.66% [RIE 558 DRl L T At A A o 4 T AFRR 0 P 2 Bk R — 2 D e 2 gk A T il
AT . SR ORI, WA %I EEE £ B H B E % (Membrane Transport) & & BR 1R
(Amino_Acid Metabolism). Hk7/KAt & 41181 (Carbohydrate Metabolism). G& A1 (Energy Metabolism) A4
BhIR -7 F 4 A = AR (Metabolism_of Cofactors and Vitamins)3§ 41 NFIhREA A, ThEEFE=E . X 24t
T S LN DR ARG = B A 0 T D REREAT A0 AT, A IRARW, XSS D R DR O AH R T A P LR A
EZER. Ho, RPRAEERE . ZEERAU . BokKAEPARE . FREABE . I8 A i A
VR AR 77 T = TAR S N AR Al B . AERE BRI EHIFMEE . DR gE A 2= oA AR R S5 T DR
HEBR 20 AL IR T AR N AR . izl e MAEEIE NS D Re 1 5 AR TR bR B Vg, AR ER A A
B D RE - EAAIERE R . WAL RS TTIH
BT FUNGuild AR50 L Tt R Br 32 B R0 P A8 0T I DO REEAT 00, I 42 I S0 1 8 7R kAT
o IR, CR A CT FEi 3 E LR A S F A, S FA, WHERM LM CEFMUT R
PR T HL AR 3 0 e B D R A, RO R AN R A2 B FR AR X (Undefined Saprotroph) « #M4 B
(Ectomycorrhizal) « fE4799 J5 A4 33 55 A= W K i 4= ) (Plant_Pathogen-Soil _Saprotroph-Wood_Saprotroph).
W R AR P9 AR T R AT AR A 05 R AR K B TS 4R ) (Animal_Pathogen-Endophyte-Fungal Parasite-Plant
Pathogen-Wood_Saprotroph) #1195 JE 44 A A= 18 185 90 9% JiR 4K K #4 J& 4= % (Animal_Pathogen-Endophyte-
Plant_Pathogen-Wood_Saprotroph)% (I 6: A) o b, iE— X4 o K0 LB E FR AT 22 e e i



JE KB, ALANE TR S99 i 1A A 2 T R A 2 R SR AR A J A0 sl s e A o 2 T A i
PRARMATE A=) 3 ol 7 2 00 017 R 38 A il TR A A B 35 1 22 57 (P<0.05), o, AMERIRAE CR FE it

Jr 5 Eetil o 25.99%, 235 KT HAE CT A ah i o F21(0.44%) (P=0.048) (] 6: B).
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