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Abstract: The distribution of endophyte in host plant tissue is an important mechanism of endophyte adaptation to the
outside world. Based on the Illumina MiSeq sequencing technique, the endophytic 16STRNA and ITS rDNA in the leaves
and roots tissues of 0. glacialis, which are the main locoweed plants adapted to the extreme environment of Qinghai-Tibet

Plateau, were analyzed by high-throughput sequencing and bioinformatics analysis. By clarifying the structure and function
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of endophytes in O. glacialis tissue and the relationship between environment and them, the possible influence of the
distribution characteristics of endophytes on the adaptation of O. glacialis to extreme environment was discussed. The results
showed that the abundance of co-genera in O. glacialis tissues accounted for more than 90% of the total abundance, and the
community structure characteristics of coexistence of conservative endophytic bacteria and specific endophytic fungi were
formed among different tissues. The effects of plant tissue structure and environment may provide impetus for endophyte to
choose appropriate tissue niche colonization, in which soil moisture content significantly affects the Beta diversity of
endophytic bacteria (R*=0.241, P=0.024) and endophytic fungi (R*=0.223, P=0.031), and soil pH value mainly
affects the Alpha diversity richness index of endophytic fungi ( R* =0.571, P<0.001). However, the explanation of
significant differences in endophyte function and nutritional type among tissues by environmental factors is not significant. It
is considered that the conservative and different endophytic community structure and function provide help for different plant

tissues to adapt to the extreme environment, which is beneficial to the survival and diffusion of O. glacialis.

Key Words: Qinghai-Tibet Plateau; locoweed; 16S rRNA; ITS rDNA; FUNGuild; niche
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Y BT PiEh P AR A LB E AR FE S B R W AR v R B SR TN
SAF M E RS e ERYAS R L8 B IR SRR S B S R G, AR AR YiRE . AN A
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WG R M E T BRI, KNS LR S BA SRR Tz 00, BT, BSR4
AP PR T RIZE S BT R A QI 2R AR AR LS AR R AR A5 T
Ji& AB LARE A [ 20 20N A= T8 22 R SR R0 A 8 A GBI v R LA

AWFFEHEET Mumina MiSeq M FEAXS UK G AR LH S b B N A B A TR, 5 BT AS [R1 A0 2 0) 9 A T
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JU R G W A5, A Ry e — 2D AZ 4 oK) R P 2 T P () A 3 I A o P S R AL P e it 2%

1 MRF*

1.1 XA KRR R R
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THE T BAFAE-20 °C 43 0KAH ( F2[H Mobicool ,CF-50) , TEM TAE G (IR 2%, SW-CI-1F) Hok 20
U TCH K (30 ), 70% 0 BE (2 min) ,2.5% NaClO( % 0.1% Tween80) (5 min) , 70% JCH L% (30
s ) PEAT 21 TC LA B f e L JC R K DA 3 0K IR R A 7E 3T B TC 48 P B T - 80 CHlB IR IR VK
A (VLR , DWB6L-158) FHF AL FA B DNA $21K,
1.2 YN DNA #2505 PCR §74 7

FEYI NS DNA i E.Z.N.A.® Soil DNA Kit iX7 & (Omega Bio-Tek, Inc.)$#2H, ffi[{] ABI GeneAmp®
9700 % PCR X # 4T DNA ¥ 84 52 %6 XJ 41 & 16S rRNA V5-V7 X #E47 ¥ 82 51 ¥k 799F (5'-
AACMGGATTAGATACCCKG-3") \1193R (5'-ACGTCATCCCCACCTTCC-3"), 20 uL #& % . 5xFastPfu Buffer 4
pL,2.5 mmol/L dNTPs 2 pL,5 wmol/L 1E/Z 5|#)4% 0.8 pL,2.5 U/uL FastPfu Polymerase 0.4 pL,BSA 0.2 uL,
BEHR 10 ng, ddH,0 #MZ 20 wL, PCR FEF:95 C 3 min; 441,95 C 305,55 C 305,72 C 45 5,27 K
TEFR; 72 °C 10 min; 55 5918 13 WAEER, P IESE RS, 10 C AR, XTI 1TS1 K UEAT 9 18 5188
ITS1F(5'-CTTGGTCATTTAGAGGAAGTAA-3") \ITS2R (5'-GCTGCGTTCTTCATCGATGC-3") . 20 uL K % . 10x
Buffer 2 pLL,2.5 mmol/L dNTPs 2 uL,5 wmol/L IE 54145 0.8 wL,5 U/pL 1Taq Polymerase 0.2 pL,BSA 0.2
pL, BiHz 10 ng,ddH,0 #hZ 20 wL, PCR FEF:95 °C 3 min;95 °C 30 5,55 C 30 5,72 °C 45 s, 37 WAHH; 72
°C 10 min, 10 CA#iE, XF PCR F=H4li B FHe B DL M2 DNA SR e 746, PCR 9735 & Tlumina MiSeq il FF
TAE B AR SER, R EIEE L4 2 GenBank , 11 H % 554 PRINA613354,
1.3 FEEH 7

i GPS+AL=] BUR ML ( GARMIN , eTrex 209X ) Ml 5 SR A o5 25 26 B g 4 b R A7 B A5 8., X L3 fk
PRSI R 13 DB T TIE , 6 AT X B RF S5 M sk D e HLAT 8 5g ), R R (0 i )
& (HANNA ,HI98103) +3 pH {H , FI1E IR T 448 ( LA 2, DK-420S ) 4t % 13 & 7K #2 ( Soil moisture,
SM) , il G = 4R TPJ-26-1-G M2 KA 5 1) 25 SAHXHE B RH ( Relative humidity ) 158 £ DPT ( Dew-point
temperature ) L X KA AT ( Atmospheric temperature ) |, +3EH 308 AP ( Available P ) FH8 4% 74 + 358 i 4310l
FEAX (AL L8 ], UPA-B506) e, #EARAERFERILE 1,

x1 HRXEAER

Table 1 Information of sample collection site

B Al B gl o R =y o g
TRES gk s ik . R a}ﬂﬁm % I*HX.TYJKE kmﬂlﬁ 5&‘5 Exﬁ@i
. . . . 14 pH B Soil Relative Atmospheric Dew-point Available P/
Location Longitude (E) Latitude(N) Altitude/m . .
moisture/ % humidity/%  temperature /°C  temperature /C (mg/kg)
Je i 87°12'51.13" 31°49'15.50" 4493 7.57 0.087 353 22.8 7.4 7.094
Tt H 89°53'55.7" 31°28"18.33" 5262 8.18 0.119 64.9 12.0 5.3 2.443
UGz 88°55'34.61" 33°33'33.61" 4815 8.12 0.120 66.4 12.8 6.6 6.203
FLAHREE  84°01'27.95" 31°23'51.81" 4401 9.23 0.091 78.7 10.9 6.5 6.213

1.4 Bt

T B Y 1-Sanger = F- 15 (https ://www.i—sanger.com/ ) FE1T A W15 B2 081, R Flash # 44
(version 1.2.7) X} JFL4EIN e B4 47 PR 4%, Trimmomatic A (version 0.33) X} $f 5 50 P8 #E 1714 3€ , 2L T Silva
(Release128, http://www.arb_silva.de) #1 Unite ( Release 7.2, http://unite.ut.ee/index. php) B P Fe R
J5i , 4 Usearch A (version 7.0) LA 97% 1) 15 51 A AL 7K K1) 435328 BT ( operation taxonomic units, OTU)
Mothur 24 (version 1.30.1) 718 Alpha ZHEPEFEEL, R #XF (version 3.5.1) #E4T Alpha Z2FEPEFE B E] T 4
2255001, BT Qiime 3K (version 1.17) 718 Beta ZFEERE B HE [, 255 ANOSIM 2 1) 22 SR 36 45 5% | X
FEAS AT NMDS JE i & 2 48 R 5017

LEfSe Z2 200 22 5 F1 50 53 I AN X AEAS 22 57 A W 25 PE 2 (R TR RE . LDA ZMh 0 50 43 Hr i 42 11 XoF 2 1]
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e B B (LDA 4ME>2) P VIF Jr 280K 140 B i 40 B 7R T4/ IR F- ( VIF {E<10)
HEFT CCA MBI AR BN BRI AFAS A A 0 5 W Y IR B2 A 7 O 5 AR MR8 B AT Ze vk [l )3 3 #r i — 2B 0 1k
o k2 S AR PR B IR R - T S TR & Z ] Y Spearman AH G R AL,

EgeNOG $ 4 122 X PN A= 41 18 2F 17 D) B8 U0 40 #r , Eb X 3R 45 P AE 4B OTU X B 1Y COG K% B,
FUNGuild ™ F5000 T 545 P4 A5 EL R AT R0 20 995 B 55 8 ( pathotroph, PA) (325 8 3% 1 ( symbiotroph , SY) | J&
H B FE A (saprotroph , SA ) M HZH A FIAHIZEAY (unknown , UN) 3t 8 FhIREE FRIEA . Wilcox kA 56 (1 £H 8]
BEMESEEFEDEZEF R FEIIEE, Permanova B #2707 20T PEM AL R X 4 2L B N 2B T

SEUIRERIAR R THA L S5 TIRE 2 M A9 Spearman A R EL,

2 ERE5S
2.1 DRI AL A A R 2 R 2 A

AP P53 175791 2N AEANE A BT 5, R 428 4~ OTUs; 757113 £ A B B A ST 51 1 B 2
391 4~ OTUs ; F- X400 )7 78 55 %43 51l 15 1] 99.88% F1 99.99%

F2 ET THRI(Student’s t test) Bik)I| R M = HH B Alpha SHEEIRES T
Table 2 Alpha diversity index analysis of endophyte in Oxytropis glacialis based on the Student’s T test

LR GRS -4 FREHZR

Endophyte type Index type Leaf(n=11) Root(n=10) P

N A A B Shannon 5 %% 2.156+1.098 1.451+0.905 0.127
Endophytic Bacteria Chao 154K 66.284£22.742 68.899:+24.624 0.803
AN ] Shannon #§%{ 0.726+0.617 1.602+0.877 0.015*
Endophytic Fungi Chao f5 %k 22.636+11.998 27.975+10.981 0.303

TP EUHFTR VI AR 22 5 « FORAEAR I BAT W35 2252 (0.01<P<0.05)

Alpha ZHAEHTH (£ 2) AN A RV ZEREE 325 B Chao $6%(P=0.803 ,P=0.303) 7E43 41 [R5 0
2 25 S MV ZAE M Shannon F8EC7E A A AR /N TIHEIC 2 25 5% (P=0.127) , WA E PR KT
M HAFAE R #E255 (P=0.015) , Beta ZHM0 T T AT ANOSIM 41 (1] 22 FA 50 T (% NMDS 201 =W (Fl 1) ,
ZHZ BRI P9 A B R BE LS A (R =0.164, P=0.043) IS A= B B FELSH9 (R =0.294, P = 0.004) 7716 1 3% 1 22
5P N A AT | LR P RESS HA 0 22 S AT — 2 B X (stress =0.140 (stress =0.153)

BT BN
stress: 0.140 R=0.164 P=0.043 stress: 0.153 R =0.294 P =0.004

04 r | ° 04t 4

~
k=3
& .
Z 02 \ O |
(ol o / -0.2
=
4 ~0.4 \\ /
- & -0.4 7‘
° ;
-0.6 . . . i . . . . . . i . .
-0.6 -04 -02 0 0.2 0.4 0.6 -0.6 -0.4 -0.2 0 0.2 0.4
NMDSHEF 41

B 1 KR EREEE Beta ZIEESH
Fig.1 Beta diversity analysis of endophyte in Oxytropis glacialis

2.2 UK AR P A R A o3 B RN 22 S o B
428 NNAEATEE OTUs LEXTEN 19 ANTTH 267 & 7RI 153 20KF B (K 2) , 222 7] ( Proteobacteria ) 7
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A FEA th b 32 2L H (58.87% . 76.65%) , L2 Wi ] ( Actinobacteria) (6.95% ., 8.42% ) FI4UAT [H 17]
( Bacteroidetes) (3.68% .11.50% ) A S HAWEE T (0.14% ,0.42% ) BYAHRT =B (7 b AE R v 38 i TARAR AR
FRFEA FP A JREER ] ( Firmicutes) (30.36% .3.02% ) AHXF=F B8 5 HE B @& TP AEA . 788 4328k I, kR
AR 194 T & |, Lachnoclostridium 5 ( 20.84% ) AB 5. il 1 J& ( Pseudomonas , 18.99% ) F11Z [# J& ( Pantoea ,
9.04% ) %5 8 A~ TR J@ AR AT F= B 5l R T 3% , HoA T )E o5 LR 17.83% ; EFEA A 199 DR, R BE R
(30.66% ) IR FHFRE (Delfiia ,12.59%) NEHLHITE ( Comamonas ,7.61% ) 55 10 T4 J@ AHXT 4= B2 o L KT
3% , AW E 5 H6h 21.53% , ARAMFEA T 126 DA EE , 5 A AR T AR 47.19% , 5 S R
i) 97.54% ,

10 r B Pseudomonas
1.0 :

vr B Lachnoclostridium 5
W Comamonas
| Delftia
0.8 i B Flavobacterium
B Proteobacteria Pantoea
B Firmicutes 06 | W Serratia
0.6 B Actinobacteria : W Brevundimonas tg
Bacteroidetes M Variovorax
2 | v E [— — M Ralstonia g
2 04+ 3 047 W Rhizobium
E § Enterococcus
2 g W Propionibacterium
= )
i 02} % g 027 W Prevotella 9
g S = 3 W Halomonas
= % = _§ W Dietzia
g1 ¢ 1 e
2 10 ~ < 1.0
« 2
= 5 -
z g i— E 08 | W unclassified Pleosporaceae
= & 08 ®S - M unclassified Pleosporales |
% . Ascomycota “é‘ n Chaeto.?phaeronema
2 06 L B Basidiomycota g 06 | unclassified norank Pleosporales II -
S B unclassified Fungi 5 W Erysiphe P
&’, Zygomycota A Mycocentrospora ﬂ
04 - HAt 04 | W Gibberella 7
’ M unclassified Ascomycota
M unclassified Fungi
02 02 f W Al
0
#R Root - Leaf #R Root - Leaf

2 EBTFIIHEKFHRNERREEEIN

Fig.2 Microbial community structure analysis of endophyte based on genus and phylum level

391 ANINAEETA OTUs HEXF 2] 7 AN TH1149 A&, 7RI TR B (B 2) , P31 ( Ascomycota ) 7ERR FII-4H
Sy B (90.36% . 98.83%) HARXS i Lo 7E M A A rh g TR AS ) 07 A 78 T )AL 45 40 1 T )
(Basidiomycota) (4.29% .1.11%) JE& 11 ( Zygomycota) (1.12% .0.01% ) FIAKFIH % (4.15% .0.05% ) W
XF i CTEAR A h 8 T A, UJE 40 KPR & R AR A 117 AT &, B 968 15 B R R AE
(unclassified Pleosporaceae,32.95% ) . Chaetosphaeronema(17.57% ) VA M 7525 18 J& ( Gibberella ,7.13% ) 55 5 1~
JEARXTFE 4 LR T 3% , FAUER R o5 He o 32.83% ; HEREAS AT 76 ANTHJE , #& F IS T RL R FIR (32.44% ) A%
R H K 5r28)8 1 (unclassified Pleosporales 1 ,28.58%) #%{ = H K0 25)8 11 (unclassified norank
Pleosporales I ,11.59% )45 5 AwJ@AHXTF B H LR T 3%, HAW S & bR 8.31%, R A FEA H 44 A4~JE
AR, AR FL R AR 29.53% , S R BERE R 91.54%

LEfSe ZZWMIZH M 7R (B 3) , ARG DA T T TR REAS oh BAT A A3, AR LR D T
FITERHFEA R AR OC e 0T BT ) BB TE ] R R T TZEARFEA T ARSI, B IKPRTE , A 4l
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= B: Basidiomycota
m C: unclassified Fungi
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= a : Bacillus

mm b : Planomicrobium ks &
é mm ¢ : Dietzia }f J(:F ladi z
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~f ™m g Acinetobacter M ol Bhumarison . =
he mm h : Aliidiomarina = e unclassified Chaetomiaceae Y
mm i : Shewanella m f: unclassified Sordariales N
== j : Halomonas = g unclassified Pleosporales [ géo
mm k : Ralstonia m h : Phaeomycocentrospora E
mm | : Delftia . m i : Stagonosporopsis
== m norank Sphingomonadales = j : Mycosphaerella
= Hyphomicrobium m k : Chaetosphaeronema
mm o : norank Mitochondria S
mm p : Sphingobacterium m | : Trichosporon
’ m m :unclassified Fungi
" W m n : Mortierella
- =
. unclassified Pleosporales [
HRlalstoma [ Phaeomycocentrospora
a Og{omys ] Mycosphaerella
. ierzia | St ;
Acinetobacter | agonosporopsis =
Arthrobacter Temracladium
Nesterenkonia | 00000 Chaetosphaeronema $
Shewc}z;zrzg = I nclassified Ascomycota g
Aliidiomarina | unclassified Fungi e
Sphingobacterium | unclassified Sordariales =
norank Mitochondria [ unclassified Chaetomiaceae =
Bacillus I Fysarium 5
Planomicrobium |G N A fortierella =
NN Hyphomicrobium I Trichosporon
[ norank Sphingomonadales Aspergillus
| | | | | | | 1 | 1 | 1 1 | | 1 | | | Il
40 30 20 10 O 10 20 30 40 50 40 30 20 10 O 10 20 30 40 5.0
lg(Z M3 53 #7438 LDA SCORE) lg (37 5347 43E LDA SCORE)

B3 KIBENEREHERSW
Fig.3 Microbial community difference analysis of endophyte in Oxytropis glacialis
LEfSe Z 2% W))2 0 Pl 1h P9 ZE S0 A 182 3R B E A TTZE B A 232000, 1 o ol B8 AR /N5 AR 0 32 BE /N IE LG, 38 €87 s SRR RE AR ]
oI FE 2L R BRRE, 200 5 1 (O SRR REAR AR 35 22 R RRE, He P 20 (03 RN R EAR L B AR XTI 3, (01 R
HELERT 22U AT R I3

TERRFEA T B ARG OE S5 00 2 A8 | I REAS U 14 ST 8 5 AR R AR L v 9 AR B ZEAR o
FEXFAE S5 AT 8 AR i B AR LDA Gtk 50 43 A 2 W1 (11 3 ), A A= 40 T8 35 B S 0 B R 4328
J& (norank Sphingomonadales) A= 221 i# )& ( Hyphomicrobium) . 2F T 1 J& ( Bacillus ) 55 15 4~ 1 J& X A [A] 20 41
] 2 57 HAT 2 25 5200, N AE LD Chaetosphaeronema ¥ %68 [ TR 3288 MR H R0 2KE 1 55 14 D@
JE XA ) 22 5 A i 2 5
2.3 FREEIR X AE A N A T DA R S5 A 1 5 e

J7 Z M R VIF 3 A0 A AR B N BB R, 85 SRR WA pH( VIF=1.00) \SM(VIF=1.00) %]
IRAHTESR (VIF<10) , CCA BRI A7 R Mk M1 U 5 By 6 BH (&L 4) , d 23 0) N AR A0 B TR BE S5 A9 32 pH (R =
0.669,P=0.001) SM(R*=0.684,P=0.001) [ . 50, pH (R*=0.074,P=0.233) XF41[7] Beta Z £ 151
AR E A Beta ZREMEFEZ 5] SM(R*=0.241,P=0.024) %0, MAEERE Y pH (R*=0.771,P=0.001) .
SM(R*=0.762,P=0.001) XA [F] 20 2 (8] G AE S5 14 1) 22 5 B W 2 g, o SM(R*=0.223,P=0.031) 2
ERCMALA] Beta Z4EHE , pH (R*=0.571,P<0.001) X} F Chao 8 5G% M0 .35 | {5 3R IA 858 PR 7 X6 241 [R] P9 A B R
FRAEAE B 25 22 51 Shannon 8 8U# BT AN .35 (P>0.05) ,

X b3 B G2 R e ) SRS R S SR 20 1 B JE SEAT AR DG HE A BT R B (T 4) , 50% 341 IR 32
W Ewm, NNAEERE  pH SIS B AR B8 ( Neorhizobium ) 5 b 3 HAHIC I &R, i 95 /K [G
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SM: R?> =0.223 P=0.031
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