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Abstract

The community structure and diversity of endophytic bacteria and endophytic fungi in the roots,
leaves and seeds of medicinal plant Saussurea costus (Falc.) Lipsch were analyzed by high-through-
put sequencing technology, and some culturable endophytic strains were preliminarily isolated
from the plants of S. costus. by traditional tissue isolation method. The results showed that the total
number of 0TUs of endophytic bacteria in S. costus. was 6454, among which root > seed > leaf. There
were 99 OTUs of endophytic bacteria in the three samples. The total number of OTUs of endophytic
fungi was 3632, of which leaf > seed > root. There were 29 OTUs of endophytic fungi in the three
samples. There were significant differences in the community composition and diversity of endo-
phytic bacteria and fungi in three different samples of S. costus. Endophytic bacteria had the highest
richness but low diversity in seed samples, and endophytic fungi had the highest richness and di-
versity in leaf samples. Among them, Proteobacteria was the dominant bacterial phylum of S. costus.
plants, and Escherichia Shigella and Pantoea were the dominant bacterial genera. Ascomycota was
the dominant fungal phylum of S. costus., and Fusarium and Alternaria were the dominant fungal
genera. In addition, 20 strains of endophytic bacteria and 16 strains of endophytic fungi were pre-
liminarily isolated and identified from S. costus. plants. This study enriches the information of en-
dophytic bacteria and fungi resources in S. costus., which is helpful to understand the functions of
endophytic bacteria and fungi in the growth and development, secondary metabolite synthesis and
stress resistance of S. costus., and provides a theoretical basis for the future development and utili-
zation of endophytic bacteria and fungi resources in S. costus.
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1. 5|8

& ARFF (Saussurea costus (Falc.) Lipsch.) X KE . [7RE . AR, £HFHAsteraceae) NEH J&(Saus-
surea DCYFEY), NZJFEANTIEMM, HURE, e, &, BHE. B . K&, kWK L2 6T
MR £ ATUESE . IEVE SRR, IUARZERA LR, RS R KRB, 50 & S 55
By, REFRNERMEEART NN EEZARN, BAERR. Prath. dukw. ORI A G i 15 554
H2]e aAREREME T REMAM 2 —, FEPHONERIRILIX . ZAREREE NS, Hbk &R,
ARG, XK R S ARE NI AR 5 T8 SR AN AR SR, I 02N = AR E N ARG
BUHEAT AT AT -

A A AR TR — FRE R A AR N AR K HE R O s AR, nT DUAE TE 5 R PR R 2% 1 (it
MR, RHEDWES REMEBEHBI (3] BaMED S B iE R & T T TR E R 4
IR, R T HTAEER, HIGES BARN F R R e, ASRE4 I [ BB HE 4544,
BRI A7 E— 5 KR BRYE[4]. BEE 2 TAEMFHARRIAW KR, miBEElFEAR & BT A —
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FMEZETFE, SE50 8T, w0 HOR GENS SRS At 18 s o A T REVE IR SR B AR, T
PAELU M I E I RE T G55 25171 AT, RT BAREF WA B L BEVERT FUiE WARIE . A TR
F Tlumina Miseq (=3 Sl P S AN 25 FIAEYI AR B AR L - By 3 AN dh o 3 2R 40 8 R0 A A S IR R A
45k R 2 FEVEREAT 00T, IR AR S 0 BRI = AR T AR rR 20 20 B A 20 PTG 97 1 A A TR R R
iy O BE— W T AT 9 2R R R 5T E R

2. MRSk
2.1. BRRE

RGP o AR F MR E B = B 2GRS, SRR A B RE K. 2w PEY
REFRAR R B E N R AT -

2.2. REmALIE

KM AR B TRKT R e LG0T, BRI 0.5~1.0 ecm F/NBE, MHDIAE 1 cm? B/, 2
. . P9 RNRIRAE 75%0 282 3 min. 1 min. 5min, J5HATLEKMYE 4~5 %, TLTHEIELART BT
T EOET, —80CHRMASH.

2.3. DNA 1Z2HU#0 PCR ¥ 1

FIFH MN NucleoSpin 96 Soi iRX7l| &5 FEAIE K4 DNA BHATHREL, 2 JE R 1.0%E% 5 bk i f kot
FEHLH) DNA #EATRI, 19401 16S rDNA FIELE ITS ) PCR # B4 44 . I H 514 338F 5'-ACTCC-
TACGGGAGGCAGCA-3'fll 806R 5'-GGACTACHVGGGTWTCTAAT-3'%} N 44174 16S rRNA V3-V4 [X
# 4T PCR ¥ ¥ . Fl H 5 ¥ ITSIF 5-CTTGGTCATTTAGAGGAAGTAA-3' fl ITS2 5'-
GCTGCGTTCTTCATCGATGC-3"% WA= 1 1TS X 34T PCR #7345, PCR ¥ /=7 ik 2 bl i &4
YIRHA R AH], {8 Hlumina 2 =] ) Novaseq 6000 - & 347l /7

24. ZTABHPREYPHDE

FrsgR k. PDA [ElfARiFR%E . RBC BRI FRIL(E A 08577 0E) . LB [BAEE 72, CDA Kigrdt
(IR ERT TR )M WA K5 3R IEOK B g 5597 E)

B I = AR BRI K BE R T, 7ERUK R Lhe B ARFEHEEMFF TS TES LA 75%
LHEIR 30, TERKIEEE 3 I, H 4% 0 E BRI 1 min, R 5min, 1 10 min, JCR/KIEGE 8
WE, W, BT BRI RS — BT R K, AT LB [R5 772 BRI R
I

FIEHE /N TR AR DIFEI R 1 em FIHGUNSR, K015 B IEUIRE, Jo 51 PRI R 2 24
A3 EE R T B A0 K T A% U % AR RS FR 3 L, 7 28 CHE IR BT FR R W 15 77, A 2L 43R [l H B 1R TR I
PRIETESAF BB B A A0 T PDA [EMARS IR IR LB [ AR 7258, B Taith 3%,

T &M TR EER S EEE 50%H M 1:1 SEFRGTEOE T, B TF-80CUKFE KR
1o

2.5. BmMEE

KH 16S rDNA FIITS X 25 A F WA A B AT 20 W AR 022 %5 52, FH DNA $ BT & B HUR 1 117 DNA,
T 51 056F P9 A= 40 1 AN A2 B HE4T PCR 4738 . PCR 7 34 721 25 1% 28 b s RV MR A TR 23 w3470
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&, MF4 %A NCBI 31T BLAST LA
2.6. HEALE

i FLASH @0/t 5 s #3475 4% , Trimmomatic $4 518515 2 (1) 5 5133647 it &5 )8, UCHIME #
Bk, )5 153 5 i S Tags 551, USEARCH #AHEFALYE 97% /K X B33k 47 8825, LA
AT 7 51500 0.005%1E A RME LI OTU. R BAE AT YA B DA RCERE 08T, 1T LB R R B P Fh
FIp: HE—3E4T o ZREMEMNT. B ZREVED T BEEMAZE RN AT . THRETRIN /M4, W]
PLIZ SRR T 2 TR () 25 5%

3. BRE S
3.1. ZAREAREE OTUs o#f

WRIBE 1 ATH, ZARBFENEME OTUs MEBUN 6454 A, HAR. HAIF T2 9&E 2359, 1925,
2717 4, 3 NHZUIE NAEGNE OTUs 99 /N FiF4REA OTUs FUE s £, N 2409 4, RIkKZ, MHFE
OTUs M &E /b . ZARENEEEE OTUs MECH 3632 4, H R, MM 740554 694. 2349, 774 4,

3ANHLGUEE NAEEE OTUs 29 4y HHRFE OTUs BiE i %, N 22154, Pk, HREFA OTUs $iE
b

b
(a)
G M), Y M, Z: BT

Figure 1. OTUs distribution Venn diagram. (bacteria (a), fungi (b))
1. OTUs 2 H B E(HE (), HE(b)

3.2. aRBREERHE Alpha SHMESH

FE—REVEE A, BEEN 2Bk, 2 i 2R By SUB| BTN ZOR B i KRB ORI 24
T 1%, RS AT P00 IF AN BN 7 BOE A3 B 8 2 o Rl 4 n] AR R 354
AP EATR IS FIHAWT, 2 SUR ETHRIINFEA R, &EINFI%EG Rz, RS FIIED,
FCVEATEAE . P 2 R, HBE AR IORRE 2 ETHEE T8, FORAHT TR S A
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Figure 2. Dilution curves of leaves, roots and seeds of S. costus. (bacteria (a), fungi (b))

B2 mAEM. RAOFFHBEHEZARQ), EE(D)
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Alpha 2 FEIH: SR 2 AN RE IR 8 B2 M 2 6, A 2 M E 4845 . Chaol A1 ACE FE%fl
YR E R AR £ /0 [8]. Shannon AT Simpson fREUH T-HT MR ZAEME, SZFESEEVE A Fl
F ' YR S BERIRZM[9] [10]. Shannon F8E0A1 Simpson FaEUEMK, T IAFE SR 2 FEbERR &
RHNEGE T [ 78 i #(Coverage), HAUEM G, FEA sh M e 2280 iy, 170 3 Bl D00 L 1 R 2k
I, FREUBRAR O 45 R B ARE TR A Y JUSE i

FHZE 1 Al %, 6 AMFESLIY Coverage $8 50 E T 99.9%, KB PR AE 7 o5 2 AR FFE L P 0 4
WFT . = AREFIF A4 [ Chaol $8%UF1 ACE F5 403y & THR A, {52 Shannon $540F1 Simpson 1544
UK FHRAI . M A BB R Chaol 840, ACE #5%%. Shannon 5%, Simpson 8415 & TR AR T .
K ZAREMFRNAEME FE B m TR, 2R TR N A REFE M2
THRAFT

Table 1. Alpha diversity analysis of endophytic community in S. costus

= 1. TARERERETER Alpha ZHMESHT

FH: A ZH Chaol 8% ACE 8% Shannon ¥8%{  Simpson #§%{ Coverage T84
G 943.09 943.78 7.59 0.98 0.99
16S rDNA Y 752.73 753.20 7.66 0.96 1.00
Z 951.68 951.94 7.04 0.94 1.00
G 252.69 252.96 6.06 0.96 0.99
ITS Y 1008.59 1009.91 8.37 0.99 0.99
Z 274.33 274.45 4.02 0.81 1.00

3.3. ABREEREEMER

3.3.1. ZAERERRETEEWER

TETTr K B, Wl 3R, o= AKE WA A EERT 10 B3R #E D 5B E
(Proteobacteria)- /5B i | J(Firmicutes)~ FUUFF B4 | ] (Bacteroidota) Jilt £k 1 | ] (Actinobacteriota) A EK 1 [ ] (Myx-
ococcota). Zf B TE | J(Gemmatimonadota). 123K 1 (Bdellovibrionota). EREF & [ ]1(Acidobacteriota). fifft
B2iE 4 | ] (Nitrospirota)« A< 43J5 K41 1% (unclassified Bacteria), HAHXFEE 514 74.81%- 8.34%- 5.81%.
3.47% 2.19%- 1.32%- 0.93%- 0.81%- 0.43%. 0.40%. =z A =AM ZL Py A= 40 B FE6E 3= B foe e RO # R
AF 1 |1 (Proteobacteria) , HR &5 H v A0 24 1 11 NAUAT i 1] (Bacteroidota), M- Al 7 4 JEBE [ | ] (Firmicutes),
LT = AREF=NHL WA 5 T #B 2 22 T B 1] (Proteobacteria) «  J5 BE 14 | ] (Bacteroidota) « LM AT B 1]
(Firmicutes).

FEJE K b, WnlE 4(a) R, = AR ARG T AT 2 H SR ARG = B e v R N AR TR B T TR )
BRAT K - BB K & (Escherichia_Shigella), X FFEH 16.28%; HIR NS FEHH J& (Massilia)~ k4N K
J&(Buchnera), FAXTEEHN 9.64%F1 5.33%. AR H P A= 4HER H AT #5328 SR B AE X =F B f v TR R R 1 i
(Rhizobium), FHXTF-FEA 8.88%; AR AKLHE [T J& (Duganella) 5 F- A9 J& (Pseudomonas), FHXTFFEA
7.42%F1 7.02% o P~ P AE 4 B HH AT 4 23 S H SR IR ARG = BE B s ) D2 1R B (Pantoea) , R 52 23.47%:
YR N 57 2. 0 i & (Stenotrophomonas) B 5.1 [ J& (Pseudomonas) , A% F &N 12.59%F0 3.73%. A1,
A RN B & R AE = AR i s 2
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Figure 3. Species composition of endophytic bacteria and fungi at phylum
level in S. costus (bacteria (a), fungi (b))
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Figure 4. Species composition of endophytic bacteria and fungi at genus level in S. costus. (bacteria (a),
fungi (b))
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3.3.2. AABRERBERESER

TETT K b, i 30 s, = AR A AR BB ] 20 8 IR 6 =6 B e oA T R 1)
(Ascomycota), FHAHXTFEEHR 60.67%; HIAHHF1H [ 1(Basidiomycota), FHXTFEEHN 21.96%; #AIE]
(Mortierellomycota), FHXT=FFE 5.93%. AR AE LB ] 43 SR A 32 B2 5 = A T 28 B T T (Ascomy-
cota), MHXFFLEA 33.47%; HINERFER [1(Glomeromycota), HHXfFEH 32.76%; $HF | J(Basidiomy-
cota), FHXTFFEN 20.29%. Fh— N A FLIE H AT 73 S AR G = FE 5 B % 1R 1] (Ascomycota), FHXT=F
JEHN 90.85%; HARCHTE T [ 1(Basidiomycota), AHXTFEEN 6.78%; #ifd# [ ](Mortierellomycota), AHXT
FREEN 049%. KHAAESHF T IR BE T RRBETTHEH 7R 1 (Ascomycota) FHH T B ]
(Basidiomycota).

FEJEK b, RIEE 4b) R, = AKRF AR LB P R] 23 25 R R ARG = e 1R O A AR R
(Mortierella), FHXTFER 5.89%, HANDLH 0 B A Bk ) 66 & (Fusarium) F 1 5 J& (Aspergillus), FEXF R
5.16%AM1 3.51% . RSP AL F0B AT 1 23 S H SR K AR O =5 o v 19 O BB SR ST R (Cyathus),  FIXT 2N
7.31%, HABRHE B A 5 F S (Funneliformis) N A )& (Olpidium), XA 7.20%H 6.45%. Ff
AR BB AT A 4 S SR ARG = B I v R D iR D TR B (Fusarium), AHXTEBER 49.26%, HARALH #
J& A B 18 (Alternaria) R #h 55 J& (Aspergillus), AHXTEJEN 13.74%H1 3.93%., Hr, BEHREERTES
ARER PRI

3.4. EARBREEINEETR

PRI B i 78 B8 P P ) Th RS R S (5 B, 35T KEGG pathway, 18 F PICRUSt2 #e B FE HEH A
30 FIZhEE(S BXS o AR A N A A0 R BFEVEAT DhRe T, &5 SR f&] Sa), T WARITAH G HE R i 2 B 7E = 2%
ArhiE, 53] 76%; HUGEREE BATE, 53 8%. 2 4t KEGG MBI/ Hrin&l 5(b) i, Fif 40 fi
AR ATAE A Joy RIS P 3 A B /K Ak S AR AE DS R 6 1R, ELARNS £ > 8% b b, IR s |
R B AR DL A A D5 A 4 A R A I D e T FE R A T R d v . THRBZEL ) 2 FE I BB = R B N AR 4 B
FREH 2 FE TiEEg, HAPARHHR H R E ARG .

T FUNGuild 25 5 9 28 BB THRE TR, 40l S(o) A (PR, WEFRRIE, g4 R
HHERK, N 54%, HUORBE AR, h 36%: MR ILAER SRR, N 53%, HCAEAERL, N 28%:
T ok b B R AR R R B2 AR BB AR Y, 43 A 55%FH 30%. FRHE Guild 7328, FBRA & SR A1
ANFARTE S, b R R B PR TR R . ARETE, 73008 23%. 15%; FRA I AABCRIAR - A6 )5
B FEERAE, 5008 37%. 12%. 11%; Pt i AR, 750008 45%. 12%, bk
DIRE AL %202 Guild 70 By i b, HEid 10%.

3.5. ABPREMHIBELEE

FIFH PDA [l fA$5 775, RBC Bifliks#tE. LB FlfARFR5E. CDA H3R5M WA 83500 = KREAR
SR A AT 40 B8, WIPE 3RS 52 MRANER, 33 MR EE, S0 T4 e 20 BRANHE(E 2), 16 RE
(% 3)e HAp R4y 84350 10 FRANEE, 11 FRECH:; MR 25793 o MRANEE, 3 PRELE: Mt
SRR 1 RANEE, 2 MRE . IRIEAFREIRE S S A B AE YR R, LB B FREEA PDA Rk
SERGE S BARF WA o B I R R 7R 5

A7 2 B BoR, N ARFFSBEERIN 20 HralE, E0K% EA4MET 1148 3 A, Hef
FHRMFEBEMERRAREERS, HXCVITEE. BERAEE. RITEESHME: DR wE R
W%, HUGRBIF T %8505 ik oy A 40 B 22 Bt 2 gl SRRSO )
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R 3 Ml o, N AREH D EERIN 16 PREW, f£0KF EHRT 8 N& 2 M1, Hrihsk
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Figure 5. Functional prediction of endophytic bacteria and fungi in S. costus ((a): Bacterial func-
tion prediction-level 1, (b): bacterial function prediction-level 2, (c): fungal function prediction-
Trophic, (d): Fungal function prediction-Guild)
B 5. AREAEEINEETUN((2): MENRETUN - F—R, (b): MEINEETM - LK,
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Table 2. Isolation and identification results of endophytic bacteria in S. costus

#2. CABREHEENBEELER

PP Strain - #5952 Medium [T Phyla J& Genus i Species

Z-1 LB WHF LR Enterobacter Enterobacter kobei

z-7 CDA Enterobacter ludwigii
Z-4 CDA 7 MR Stenotrophomonas Stenotrophomonas rhizophila
G-8 LB Stenotrophomonas maltophilia
Z-20 LB Pseudomonas koreensis
Y-4 CDA s . A& 8 Pseudomonas Pseudomonas putida

i |7 Proteobacteria )

G-1-1 WA Pseudomonas gessardii
G-6 WA KHFER Agrobacterium Agrobacterium sp.
G-16 WA Agrobacterium tumefaciens
G-12 LB AN J& Achromobacter Achromobacter xylosoxidans
G-13 LB I8 B )& Rhizobium Rhizobium sp.

G-2 CDA Z W8 Pantoea Pantoea agglomerans
Z-21 CDA Bacillus pumilus

Z-9 WA Bacillus sp.

G-4 WA MR Bacillus Bacillus safensis

Z-6 LB JE BT ] Firmicutes Bacillus subtilis

Z-3 LB Bacillus altitudinis
Z-11 LB KIFMNT & Paenibacillus Paenibacillus sp.

Z-12 CDA W WRR ICH & Priestia Priestia sp. strain

G-1 LB fUAFB 1T Bacteroidetes ¥HEBLAT B )& Sphingobacterium Sphingobacterium canadense

T ZFoRF TN, G R NAER, Y RoRmr AT .

Table 3. Isolation and identification results of endophytic fungi from S. costus

F3. SAERERENTBEELER

PPk Strain - 35752 Medium '] Phyla J& Genus F Species

Z-6 RBC Alternaria sp

Z-7 RBC Alternaria tenuissima

Z-4 RBC FEAk )R Alternaria Alternaria alstroemeriae
Z-12 PDA Alternaria sp.

Z-13 PDA Alternaria alternata
Z-10 PDA Fusarium citricola

Z-3 PDA TR Fusarium Fusarium sp.

G-1 WA FHETH ] Ascomycota Fusarium redolens
Z-4-1 PDA Fusarium tricinctum
Z-4-2 PDA 4TI Aspergillus Aspergillus fumigatus

Z-1 PDA Aspergillus sp.

G-3 RBC WA E )& Pleosporales Pleosporales sp.

Y-1 RBC B )@ Chaetomium Chaetomium globosum
Z-11 RBC L IK5E)E Plectosphaerella  Plectosphaerella cucumerina

Y-2 PDA B & Penicillium Penicillium chermesinum
G-3-1 RBC $H¥ B 17 Basidiomycota 22 }% W J& Rhizoctonia Rhizoctonia sp.

T ZFoRF TN, G R NAER, Y RoRr AT .
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ZHE T RIEM I 2 —, HAR AR S 2R E N AT ReE & E 5 20N AR RIE, B
AR N A R R I EAT A T A R

FIH e 8 B P B X AR AR N A B R S AT IR, AR R, mAREFEMTA
ARG B 1) B R TR, Ui 2 AR E R T BT R K E SRR T B R A A A, H o B AR
AKRE, WAREEACH BAE BT, AT REAE B 5 AR T A] DU 7K P AL FR 0  ELAL 3% AR
BENRERR, P AR BEAH AT HAR AL N AR TR, A T B IS MR DA S A TE ) sE FEAR A [12] [13]. AR
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e T LS REMNMAEY, BEEYMER, MERT PSR W Y48 SR € R R A
ke BIRETTN S AREERBHMET], Bm K-S IR EEAZ HE S = AR E RIS EE .
A W T UE AR T B 1 A A P B i () [ U RE 70, 9 HonT D& L e AN AN 5 Re g, R bt
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