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Difference in endophyte community structure between young
and mature branches of Artemisia ordosica
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3 Ningxia Key Laboratory for Development and Application of Microbial Resources in Extreme Environments,
Yinchuan 750021, Ningxia, China
4 School of Agriculture, Ningxia University, Yinchuan 750021, Ningxia, China
Abstract: [Background] The drought-resistant sand-fixing shrub Artemisia ordosica, which is widely
distributed in the desert area in northern China, plays an important role in stabilizing the ecosystem in
desert area. [Objective] Endophyte plays an essential part in plant life. It is of great significance for
understanding the interaction among microbial communities and protecting host plants against biotic and
abiotic stresses to clarify the structure variation of endophytic communities in young and mature tissues
of plants during growth and development. [Methods] In this study, we measured the lignification indices
of young and mature branches of A. ordosica from Labahu Forest Farm in Ningxia and performed
high-throughput sequencing of the endophyte communities. [Results] Content of lignin and cellulose
was significantly different between A. ordosica branches at different development stages. The diversity
of endophytic bacteria and fungi in young branches was higher than that in mature branches, and more
OTUs were found in the former than in the later. Mature branches accumulated lignin and cellulose, thus
boasting stronger adaptability. With the development of branches, endophytic fungal community
changed more significantly, as the unidentified phylum gradually took the position of Ascomycota as the
dominant phylum. [Conclusion] Development stage of 4. ordosica branches has profound impact on the
assembly of plant microbiome. Endophytic bacteria and fungi play different ecological roles at different
development stages of plants. We revealed the difference in the community structure of endophytic
bacteria and fungi between young and mature branches of 4. ordosica, hoping to provide a reference for

ecological restoration in desert area.

Keywords: lignification; endophytic bacteria; endophytic fungi; Artemisia ordosica

HYEA LAY b G 2 m A adEAE AP JEHAE P E PG T R, RAREA
Yolif p s, AR ek AR ) 5 R R A0 T XX I A SRS A B S, BA i

JREEME R Y, UNT5. K., hod. &= RPOTM B E REFRAMY - YA EAE
SIRBYAE SRR = LN, ki, mEREYAE A,
BRI RS —RIES . Bl FE W) PN M= TR 48 A2 B FE FEL W N SR 2 2 1) 4 B

FAERIBUE , A RGH /sl 22 W R F MBI AR AT R P9 AE T TR R 2 1) 52 25
fEiEB, P2, AR RRINI e AR RN, YRS R R
(¥ RE 1 Rl RE IO T N TR R DI REVE I A2 2 Bl S AL AR A T DR AR AR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



B Ve A ST AR D T IR A N A R 2 R 22 571

PR Z, GdEIRE . B, e gy
Pl S A 20 P A R A A R 1R
A3 AR AT . e A AR AR TR,
AR T A . JAEEE ; R I TEAE )
SR 2R W)W 38 S5 A T SRR AR W) 00 Bt 3 1 T
51 &mER, BRI RN, MUEY RS
PRI TE T EERRAER KRR B2 318 3 . TR
FIRGE 2 0] 52 2 PN sl 28 0 AH ELAE F 2 e, (HA%
il AR - A 0 - A S5 AH EAE 0 AR B R AR AT AR
Nz B

MY N E g d IR T
(Proteobacteria) . W [ J(Actinobacteria) . J&
BE TR ] (Firmicutes) F1 L 4T 6 '] (Bacteroidetes)
SEALAN s AR T R AR T R )
(Ascomycota) AT B[ 1 (Basidiomycete)™*) , %
TR N AR R T A A AR R 2 2R R
FISZIR, X EAS T AR AR 40 P A O AV X A
Be g sh 3 R s RN SRl BT R
A ) 308 2o R 20 T PN A TR T 4 R R i [0 AN
[F] % & By B AN [ A= BRSO R A A
FARY L A B BOFN S R W) o e U S e 15 S N
A TR A 4 AR 200

MY (Artemisia ordosica)) 12 43 A T 3K
FEE T X, 2 — A R A VD AR, BB
ETRFEELEETET, NWAMAEY RGN
SR A AR ) A8 RN EIE AR P B aE AT o SR,
SRV S IO R S SR PN A Tl AR ) 2 Y 5 A 22 S
W ANTE A o 3 0 BT PR 8 PN A R R LR
XN RV ZERCA R & F BB i A SE R A
AfFE, TR SRR YYMAETRER
S ER R, AHFSE DL SRV R A g Xt
&, mIE R EOR, fE s B o
BCABCH AP N AR AT . LR R A 25 57
Ry Tie DX AR SR BRI 2 %

WL

1.1 ##

(I = < | VA e R - I VA R i NI 7
(E106°52'45"—106°54'25" ; N38°44'45"-38°47'1"),
T 2020 4F 8 A #ATHUFEIF ST o BB F A XS —
By RV, ICTA BY 43 51 5 HORE Ak [R) A 4%
#% (young branch, YB)FI A Z 4% (mature branch,
MB)Z4H 2, 9 thBWEIEN—EL, B
i BTG I 250 A T AR 0K AR AT Bl S g =
Jef C R BRI JCRKIFGE 4-5 Ik,
ZJE F 70%1 L B3 5 min, P 5%
FREMTS IR 5 min, 76 TG B 450 T F TC 7Kk
VEIE BT BRI A G B T80 °C P

ZIEEMFAR AL . mER R DAL, FEERE
HRBHEARA s TR, MRt 2
1A B ARRA R aikAL, PUIPEE 8 gk}
HABRAE; Kis, Bl RAGEERHA R
Nl
1.2 EBILSERKREIEFRNE

R IR B8 A WA B 2 W) R BT %R (lignin) |
2 4E 2K (cellulose) . - £F 4 2 (hemicellulose) Fll Ji
B (protopectin) 7 1 M3 &5 J7 ¥4 X E IR $5 bR
PEATIAE , RFH SPSS 25.0 HAFXI B HEA T
27 22 73 BT (ANOVA), A3 278 Bl K 36 75 2
FPEIK AT (P<0.05) 1 i T B Z 18] 1Y I 2 2
5, A E RS IR MR (n=6) 3R .

1.3 ZEPEZEHR DNA $2HUF0 PCR ¥ 18

Kb e BRI A % (SDS) 4 R VD
ZERCAY N AR N R LT S DNAGE TS 14 799F

(5-GCGAGTAAAACMGGATTAGATACCCKG-3")
1 1193R (5-ACGTCATCCCCACCTTCC-3")4"

WAANTA 16S rRNA B V5—V7 Xa, 5]
#J 1TS1-1F-F (5'-CGTACGCTTGGTCATTTAGA
GGAAGTAA-3")#1 ITS1-1F-R (5'-GCTGCGTTC

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



572 A 2 E AR

Microbiol. China

TTCATCGATGC-3")#" $# FL [ ITS1-1TS2 X4 .
PCR JZ W 21F: 98 °C 1 min; 98 °C 10's, 50 °C
30s, 72°C30s, 30 XPEH; 72 °C 5 min, #”
WPy aliAb 5 BT SO, SCEERIN S A8 S
fifi il NovaSeq 6000 #E17l/3 . DNA $2H(, PCR
P18 RN e 1 2 A i R BOR R B PR
YNCIFT0
14 ELPEERAEMAR. ERSHEMESFT

Iy 25 8 FLASH V1.2.7 #-17 80, 15
F W PHEFE S QIIME V1.9.1 JE 7RG 2 A
OB, A UPARSE 335:(V7.0.100 )% fiF 5
AN EFT OTU R OOT%AMMLE), FHitiTifh
TERE . JAF B A5 2 NCBI SRA ¥ 4 (F
415/ PRINA719712 il PRINA719714),

ff HH QUME # 41t % OTU. Chaol .
Shannon, Simpson il ACE 8%, f#F R 4
(V4.1.0)1T o ZFEPERS S 8] 22 5% 00 s fd ]
R 3 M “Vegan” 1 #F 17 4F B i 2 48 R &
(non-metric multidimensional scaling, NMDS)%}
M. {#iJH] LEfSe %/ (LDA score>3.3)#ifT LDA
¥ 3T GreenGene £04E %+ OTU K tree,
HATAH A PICRUSt F1 H. [ FUNGuild B RE T .

A B
3 ok R 600 Kook
o~ B F —[_
% 2 500
@2t 2400 f _
E — % 300
= 172]
£ 11 £ 200
| 3 100
0 0
YB MB YB MB

1 EVEERARLUEBIRESESHT A
WG, **: P<0.01; ***. P<0.001
Figure 1

2 BERXR504

21 BLEHE. AR ARUEEEZER

WITARTIR , YR | iR MRS &
FE R TR S AR T ) 22 S BT T L, R D
AR B R o R 16.1%, ZRTH
(P<0.01) (&l 1A); SBUD>E AR A 4E R &t m
WA 41.6% (P<0.001) (B 1B), {H4F e AR
T AR R AV R T B 22 5(E 1C. 1D),
22 BILEWMA. KA NEFREESH#ME

HF Tllumina Nova Il - &50F, G
SEHIFRAS 58 954 AN B AT 99 041 > BT = T
FE9, T8 97%0) P FIAR U K- SRR F 202 4>
AN 1007 EFE OTU, HIEYI R ERRE L,
P o ZFEMES B 2R, S5REH,
S YD WORE N A= 41 T RS OTU %55 Al Shannon 5
B TR 2A . 2B). Simpson R T
AL (Kl 2C) . ACE 5%l Chaol #8834 T
AL (B 2D 2E); BRI BRI OTU %
10 T AW (] 2F) . Shannon $5 %4l Simpson
FEHOL 2% 22 7 (B 2G .2H) L ACE #5 8 Chaol
T8 E T LR (] 21, 2T),

(@)
o

s 20
a — =
Y 60 __ B
on cmlS'
) = T T
£ £
g 40 = 10}
S b5
E 2
5 20t g st
2 c
E &
T 0 0
YB MB YB MB

ABREGE; B: FHERGE; C: FHYEREE; D:

Analysis on the lignification index of Artemisia ordosica. A: Lignin content; B: Cellulose content;

C: Hemicellulose content; D: Propectin content. **: P<0.01; ***: P<0.001.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



By W v 5 Sl A ) ARV R VBN A R TR 45 22 5 573
B ) D E
125 OTU Shannon Simpson ACE Chaol
| 13) L 200
< 100 ’ 0.50 160 |
' 1.2 :
g 75 | 130 120
2 | |
50 $ 1.0 ﬁ 0.45 100 : Q 80t $
25 0.9 !
YB MB YB MB YB MB YB MB YB MB
¥ G Si ! C ! Chaol
OTU 26 Shannon impson 430+ ACE ao
| 450
400} $ 2.4 0.4 440}
& ; 400
E 350 22 == 3 400}
300 2.0 ‘ 0.2 3607 0
- I
1.8
YB MB YB MB YB MB YB MB YB MB
K Bacteria
2 EOWEERANEMNENES o ZHMER Venn B9 A-E: WA4HE OTU £ . Shannon $§

. Simpson 5% . ACE #5844 #l Chaol $8%(; F-J: WA F # OTU % # . Shannon #5%k . Simpson $5%% .
ACE 550 Chaol 8%; K: W/AEANEILA A OTU £ s L. WA LR AT FIHEAT OTU £

Figure 2 Analysis on the alpha diversity and Venn diagram of endophytic bacteria and fungi in Artemisia
ordosicas. A—E: OTU numbers, Shannon index, Simpson index, ACE index and Chaol index of endophytic

bacteria; F-J: OTU numbers, Shannon index, Simpson index, ACE index and Chaol index of endophytic
fungi; K: Common and unique OTU numbers of endophytic bacteria; L: Common and unique OTU numbers

of endophytic fungi.

AR Al W, FENAEGE T, B
AR 118 4> OTU, lBW4FH 25 14> OTU,
R AR I 59 4~ OTU ( 2K); WAEE
w326 1~ OTU, 44 308 4
OTU, MRS 373 4~ OTU (Kl 2L);
AIUL, WOk th A R AR T 2R OTU,
E— LM BV AR N A A . L AT

=]}

=

NMDS F3#4fr, 45 53 W0k LA 9 AR 40 T

) B 25 Sk (B 3)

2.3 BIVEWL. BEMNERERE ST
Yk RS N A A Tk

P = S A A WA T ] (Cyanobacteria)

I W 1 (Proteobacteria); WA BT TR 5

Pa E AL A FERE ] (Adscomycota) FH F

“/I\ﬁ—H‘

e =

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



574 A 2 E AR

Microbiol. China

0.6 aYB
« MB

Stress=0.036 3

0.4}t a

02r

NMDS2

0.0

=02}

—04 . s s
-0.4 0.0 0.4
NMDSI1

B
02r AYB Stress=0
* MB
0.1 .
(9]
192}
o
=
Z L ]
0.0F A
-0.1 A
A
-0.6 -0.3 0.0 0.3

NMDSI

3 BUEERREAEQAOARNEEEB)IFEESHREDN
Figure 3 NMDS analysis on the endophytic bacteria (A) and endophytic fungi (B) of Artemisia ordosica.

W 1 (Basidiomycota) o J V5 v BB AR 9 A
AR R )0 22 (K 4A); SRUDE USRI
BN R K BIFICRRAE A, R
20 TR TR R G o L TS DR (18] 4B). INAEFLIA T,
RV R A W m iR ], TR
B RN BT T HA 8RS HL (& 4C). fHIG
R, WA RS ZERWARET, IH
ITH IR RSB B W1 Ascomycota Wita
Peo M T WA AN R, N A TUE s 28
BN, BR T AR TR TR R A o5 L B
ST 22 A a3, SEik e (Alternaria)
By 2B BTG, TR & E R (Orbilia) |
Phaeococcomyces F Entodesmium 5 T [ 44
W12 (14 4D).

PE— 2B XS RS E ZERONAE A . L AT
LDA 73 Hr(LDA>3.3)k B, BV IR
P25 25 S A A R T, IR EAT 2 ) 2
SR, W y-"BIEATE 8 (Gammaproteobacteria) |
A TH & (Bacteroides) . % /R Wi 17 J& (Ralstonia)

S (E 5A). WAETLTE T, RVDE AR R 22
SR Z T WA, FEZE Ascomycota (p).
Orbiliaceae (f)F Pneumocystidaceae (f)% , Tk
Hr ) 3= 252 Aureobasidiaceae (f) . Dothideales (o)
N Aureobasidium (g)%5 (18 5B).
24 BPEERALEMEE. EEIIEETN
i id PICRUS (level 3)ll FUNGuild X} 227
o 2R AR TR A VR R T DO RE T A Mr . SR
TN, PRID S ORI LS A A A T S RE G
255, K43 4 vh T8 11 5% 12 (transporters . ABC
transporters), J:{5 1 (photosynthesis proteins .
photosynthesis . porphyrin and chlorophyll
metabolism), {Uif(purine metabolism, arginine
and proline metabolism. pyrimidine metabolism
amino sugar and nucleotide sugar metabolism)%§
Jr (& 6A) .
25 BPEERARALEESEEMAXME
K7 Al bl PRy B S s b, )
YER | PR | RIS G H B £

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



B Ve A ST AR D T IR A N A R 2 R 22

575

[TTTTTIT

] Cyanobacteria

Proteobacteria
Firmicutes
Actinobacteriota
Bacteroidota
Desulfobacterota
Myxococcota
Deinococcota
Planctomycetes

|| Planctomycetota

]

[ L1111

A 100 — —
< 75
3
(=]
3
= 50
O
[
(5]
Z 25
=
(0]
[
O L J L |
YB MB
B
100 — —
S 75
8
=]
g
= 50
=
<
(0]
z 25
=
[P}
o
0 | I——
YB MB
C
100 - —
&
< 75
54
E
§50
<
(0]
Z 25
=
[}
[
0 — —
YB MB
D
T E P
&
S 75 —
s —
g
"g I
£ 50
5 =
Z 25 —
g |
[}
o
O L | I
YB MB

LT T 11T

CT T TT1

|| Others

Ralstonia

|_|Pseudomonas

Exiguobacterium
Brevundimonas
Staphylococcus
Chryseobacterium
Massilia
Cutibacterium

] Myroides
|_|Serratia
|| Methylobacterium-Methylorubrum

[] Ascomycota
|| Basidiomycota

Mortierellomycota
Rozellomycota
Basidiobolomycota
Chytridiomycota
Olpidiomycota
Glomeromycota
Neocallimastigomycota
Kickxellomycota
Others

[] Alternaria
|| Orbilia
|| Phaeococcomyces

Coniothyrium
Entodesmium
Botrytis
Aureobasidium
Fusarium
Filobasidium
Rachicladosporium
Cladosporium

Lactobacillus
Micrococcus
Bacillus
Klebsiella
Curtobacterium

|| Paenibacillus

Acinetobacter

Corynebacterium

Agrococcus
Others

Mortierella
Ophiobolus
Verticillium
Fonsecazyma

[] Didymella

Gibberella
Chaetomium
Isaria
Malassezia
Others

B 4 BOSESALMEEMERREAR A WAME DK ERRELAN; B: NAEMEEK

P BRI Co WAERLT K ERREE AL D WAL R K-F B R RE R 4
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composition at the phylum level of endophytic bacteria; B: Genus level of endophytic bacteria; C:

Community composition at the phylum level of endophytic fungi; D: Genus level of endophytic fungi.
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Figure 5 LDA analysis on the endophytic bacteria (A) and fungi (B) of 4. ordosica.
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Figure 6 Functional prediction analysis on the endophytic bacteria (A) and fungi (B) of 4. ordosica.
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Figure 7 Correlation analysis on the endophytic bacteria and fungi with lignification index of 4. ordosica.
A: Correlation analysis on the endophytic bacteria with lignification index of young branches; B: Endophytic

bacteria with lignification index of mature branches; C: Endophytic fungi with lignification index of young
branches; D: Endophytic bacteria with lignification index of mature branches.
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