AEY A4l

Acta Microbiologica Sinica
2021, 61(11): 3520-3541 fal [
http://journals.im.ac.cn/actamicrocn Ear '{E
DOI: 10.13343/j.cnki.wsxb.20210071 id i

Research Article RIS =

L FIRRIARNBER RS E W R S T EINEFE FRIFE R
i

e mmaE!, WA, BREHFC, REWS, BRrES, BT, ek,
=3

Urp Rl B 22 WAL M BRI SE B, o R AR B G AR A ) R AL A T S S 2 H A R AR S
LR, HN 2ZM 730000

THR A REBE AR TAT, HR 22 730000

SN KRR A BHE B, HARE 22 730000

UG P RHE R S S AL T AR RE, LR HIE 264006

WE: [ B89 ] PR5EH HR JA [] 3 IX ey 5 B JU 5 AL B S0 AR B RIS DN SRR 7 O AL . A S5
fiE, N2 5 PR R AR P B R GG PR ) AR B DG R o [ i ] DN oy DA [ e IX R R 25 AR 5
2 FE il R A A 5 2 A AR s S AP SR B TS P , 9 SR Al Tlumina Miseq iy 8 f 0 2 B
fiff AT AR s S R P TR 95 2 BUR T | Alpha 2 HEPE IR RE 254, TR B 0 A 1 S8 AR 5T P AR PR JL TR
T 2L S LR R AR G, JEIE 1R S AT P AR PR L X R TR R R L [ 452R ]
AN RAE B AR PR A3 5 h P O, e AR TN R O A A A o R R A 314801 4%
A RFHI 449110 OTUs; XZFEH 195 AL 50 FLR 2 REPE A 25 BEA X A%, GSHEMi IR m o 7R 100
FKIKFE |, ?%%f]zﬁlscomycotaﬂ ¥’ ] Basidiomycotate: £ N LR, R HEAY88.28%.
AN ) RA 0 DX SR AR ST S0 R N LR R S A e W 25 5, MR PR 3 U RER 45 i 22 S A R AR
et R, SIS L 2 e e S L3 pH . AR . Bk 85, BE . ZMrAAblE . o A AP e
UL 25 (P<0.05) B 2 2 (P<0.0)IEA G, TS5 H4A . SRR Ik WA P I L2 A0 Wl 35 DA 5G . RDASY
Pt , SAEH P MPr L IE AR, S0 p) PG T WA o [ 4598 1 7 9 e Dot g ZE Rl 28 4K
FEEARBR AR NG B 5 B E , HA UM 22 28 TR R 75 m , HmA [m]

BEEWE: HEARFERLE(31772668); HEBIEBEEEE PR LI A 25(XDA26020201); MG FRM RS 4 Ak T
FE B AR 7T BB A1 0 H (AMGCE013)

“BIEIEE . Tel: +86-931-4968371; Fax: +86-931-4968019; E-mail: bqin@licp.cas.cn

YrFS BHEA: 2021-02-01; fEEIHHR: 2021-05-13; M HAREHEA: 2021-08-16



SWL | MUEWER, 2021, 61(11)

3521

BRI AR v 1) T2 28 S EABE N T AR o AT T4 fi AR BT B0 & R R R B B
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X S8 AR BT B i SR W AR R, K
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FEET S AR BR AR N EL R RV 4 M 20 AT T 5T s 6
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FR AR B U T A 3 LU AR L 2k, AR 1R 4 °C &2
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DAl A0 4 | Fid) 1A 32, R R AR
FRPIARARHAMZALN, WPGILESE(S. krylovii) |
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% (Artemisia frigida) . 2 257 B2 3% (Potentilla
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R AR IS H WA S X, 6 THEBE AR
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1.2 AEHIBE R RE

2016 4 6 HZ= 7 1, 73 HI4E 3 BT FTHE LA
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Fige bk b, T 28 °C 8557 3 d, Kl 3R 1A KA RCR
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3 pH {ER R EETHIE , LAZEBR CO, M4k
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PLE ZUAIE , iR TRk, d@idonR
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i, JCHEBTJIBTREZ) 1 em WLHZIE, BT KH
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DNA $ I s ] - 33 4= ) DNA $2 G5 & (ZR
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CA, USA)IRHL DNA, #:EXL RS2 = Ul 11 .
PEECEN Y DNA F 1.0% 4 Byt B B 458 e v kA DU 4
JEFUE . PCR 3 R 51 %) ITSIF/ITS2R
(ITSIF:5-CTTGGTCATTTAGAGGAAGTAA-3',
ITS2R: 5-GCTGCGTTCTTCATCGATGC-3'),PCR
RNVARZR R 25 uL, 4 DNA B4R 1.5 L, 5149
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(Promega, Madison, WI, USA), dNTPs 2.5 uL,
ddH,0 16.3 uL.PCR #3551 :95 °C 1 min;94 °C
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e N 4G B AR AR AR R IR
FAEMRAFESER, BTG e i A
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Barcode /¥4I #1 PCR 4" 55| ¥1 /751, ffi ] FLASH
(v L2.7) XA BE S Y reads SEATBEEE, 19 554G
Tags 4& ; v A Qiime (v 1.7.0)/ Tags Jit & 421l
UFE, PG Tags Hd i ksl BEAG 3] oyt Y
Tags %095 ; 153/ Tags 5 F 4 % (Unite
Database , http://unite.ut.ee/) ¥f 17 . XF , >k H
UCHIME (v 4.2)Kzil IF 22 Brim G741, 445
FA B . N Uparse #44 (v 7.0.1001) % T A
FE G 1A ROBCHE P S AE 97% W A AL BE T AT
OTUs (Operational Taxonomic Units)3E2s, KA
Qiime H ) Blast /7 5 Unite B [# £ 95 J% (Release
7.2, http://unite.ut.ee/index.php) ¥F 17 9 F iE B 43
BT, RAFEA OTU M4 25415 H .
L5 BdEar

Xof 2 i R B R A T — AR, BT R
B (v 2.15.3) i Rl 4, A g il P 8 A
M FEEIRITS OTU RAESHrnyEat b,
A Mothur (version v.1.30) {4115 FE i Alpha 2
FEPEFEHR, b Coverage F8 %5 o 57 IR
Chaol Fl ACE 8% BAEEYS £ 5 ¥, Simpson Fl
Shannon f8¥U BLMAE Y ZFEME . AR AR i B ds
TR HTRYEE R, MEE AR 5 &R i L SR
A3 A AETE B, HEBAS [R)A: i 18] 1) T A 2H A 22
5t o Sigmaplot 12.0 4% 44 /47 One-Way
ANOVA 25 W EVER S, DL Pearson AHICH:
SRS o FE T bray curtis B9 i ] QIIME #/F,
XA it HEAT AR BE i 2 4R bR € B (NMDS) 0 B, 3
K JH CANOCO 4.5 FfFxf 5 AE5T 55 FLE R 5 1
A B ) A OM B OC R AT IR A
(redundancy analysis, RDA), LIz me+ 5284k
PERT . TSRS P 5 5 AR AT S AR PR L RV Y A
HXFR.
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i XZ MR, QH FEHBWARGGR 1).

X EAEET SRR A3 7 AN G LT B ARG I
25RO . LIEZ WAL (PPO) . i ALY
(POD)FI i & i (DHA) WG 1, GS FEHLE T QH
M XZ FEHE; - SEIREETE 1, QH FEHb & T GS AN
XZ BEHL, XZ FEHD bR 4 FhEF0 G Ak, 1%
MR VE AR PE B R BTG PE QH AR T XZ M1 GS
FEHL, REREE IS GS ARl R, QH FEHLIRAL,
XZ Pt b3 3 RS s (R ).

22 REHFREMEARLEREZNFLR
PE2:2 g}

L Je — R i gk 55 AR B o RGBS A i R B
PR K IR A AR B SR 3, 7 d S WM 3R R
BUAE AT 1 7 , 2 W] S ek i 3 T K TR R IS
WA R A5 o T 0 JEE £ AT S AR AR (14 4
Z AR R R R Y R S O, AR
R BEAE A e R R I, 27 MEERLRY OTU
Hi g 1t 2 W HA T2, T EL A A A
JEITE 99.50% LA L, WA S0 I Fr ) K58 A
50 4 THLT 4t 5 I 0 P A o ) L TR AR v AL L (BT T
% 2).
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Table 1. Details of the three study sites and the summary of rhizosphere soil environmental parameters
Sample plot GS QH XZ
Alt (m a.s.l.) 2815 3289 3785
Lat N 38°49'29" N 37°58'29" N 29°46'12"
Long E 99°54'44" E 100°52'1" E 91°39'36"
pH 7.76+0.18a 7.63+0.05a 7.43+0.06a
TN/(g/kg) 3.37+0.06a 3.72+0.02a 1.84+0.03b
TC/(g/kg) 43.27+0.53a 48.85+0.31a 22.63+0.24b
OC/(g/kg) 23.92+0.32a 26.71+£0.28a 11.7840.17b
C/N ratio 12.74+0.30a 13.22+0.17a 12.56+0.14a
AP/(g/kg) 0.7120.04a 0.5120.03b 0.58+0.03a
AK/(g/kg) 16.89+0.71a 14.27£1.09b 13.65+£0.41b
Fe/(g/kg) 36.09+0.48a 28.97+0.81b 25.81£1.08¢c
Ca/(g/kg) 18.89+0.71a 3.88+0.42b 1.60+0.15¢
Mg/(g/kg) 13.81+0.88a 7.34+0.74b 3.52+0.39¢
Mo/(mg/kg) 0.12+0.02b 0.10+£0.01b 0.30+0.08a
POD/(mg/d/g) 93.79+0.66a 78.75+£0.63b 64.55+0.31c¢
SC/(mg/d/g) 62.97+0. 70a 59.45+0.28b 61.34+1.66b
UE/(ng/d/g) 846.43+3.17b 1073.28+3.61a 602.94+1.85¢
ACP/(umol/d/g) 19.00+0.56b 22.41+1.052 21.35+0.96b
AKP/(umol/d/g) 21.88+0.59a 22.45+1.31a 21.95+1.61a
PPO/(mg/d/g) 36.96+1.27a 34.43+1.27b 30.82+0.74c
DHA/(ng/d/g) 245.82+4.10a 132.70+0.43b 34.48+0.02¢

The different lowercase letters indicate that the difference is significant at the 0.05 level. n=3. The same below. Alt: altitude; a.s.l.:
above sea level; Lat: Latitude; Long: Longitude; TN: total nitrogen; TC: total organic carbon; OC: organic carbon; C/N ratio:

carbon/nitrogen ratio; AP: available phosphorus; AK: available potassium; POD: soil peroxidase; SC: soil sucrase; UE: soil urease;
ACP: soil acid phosphatase; AKP: soil alkaline phosphatase; PPO: soil polyphenol oxidase; DHA: soil dehydrogenase.

27 SRR LA 317707 SRR IFA,
WEAGHBFIZ G, 455 314801 AR
FEHI, LA = 97% AL R 5 A5 31 4491 4~ OTUs,
Hdv, GS ¥ 1927 4>, QH FEHb 1256 4>, XZ
FEHE 1308 4. GS I XZ W REHL A ELTE OTU %X
PR PR - SR> T QH AR M Y AR B A >
M>H(E 2). P B AH, GS FEHA R RAE
ERAL A B OTUs 2N 173 4>, HihMabr £33 . AR
A d B A9 OTUs BCH 40510 1137, 553 Al
243 4~ QH kb, ARBR 38 | ARFNIT TR 1Y
OTUs ¥4 H 4514 1249, 205 1 338 4>, 3 AN&R{

HAH OTUs A 130 4~; XZ HEHIARRERAE R AL
AR OTUs 2y 125 4>, MWRErLHE . ARA 3 4
FOL TR R OTUs 5 H 415100 1242, 396 F
200 4~(1# 2).

SRR S Y Alpha ZFEPEFE S Hr 2 0
GS I XZ FEHb i E R FEE 2 HEPE R BE R
PR BR - e, MR, QH AEHL I HRER
TR, AR, AREFEHZ R L, GS
FF b 58 18 B 55 AN [R1 R 1) 2L 0 RE VR 2 PR 1 28
FHA 2 AFEHL, QH FEHIERIEE AR PR 4 HEAN
- ef B SRR 2R T XZ M, AR Y
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Figure 1. Fungal OTUs rarefaction curves of rhizosphere soil, root and leaf associated with S. purpurea. a: GS
site; b: QH site; c: XZ site.

F2 EUHFRFRLIBEMERNERREESHEMELSF
Table 2. Diversity index of fungal community associated with S. purpurea
Sample Effective tags OTUs ACE Chaol Shannon index Simpson index Coverage/%
GSrs 36048 979 1042.86+20.20a 1044.41£20.07a 4.91+0.31a 0.04+£0.00a 99.67
GSr 31303 482 546.03+8.65b 534.61+4.05b 2.89+0.13b 0.18+0.01a 99.71
GSl 38524 269 307.21+3.02¢ 292.20£11.63c  2.04+0.19¢ 0.50+0.03a 99.92
QHrs 32368 907 999.77+5.25a 990.23+15.63a  4.33+0.06a 0.06+0.01b 99.50
QHr 37318 256 307.33+£9.44b 283.96+3.11c¢ 2.51+0.35¢c 0.214+0.02a 99.88
QHI 34007 283 314.86+5.50b 310.01£17.32b  3.35+0.43b 0.15+0.02a 99.89
XZrs 35743 915 980.17+8.61a 979.88+24.39a  4.3240.27a 0.07+0.01a 99.66
XZr 36214 346 424.40+4.89b 401.22+3.48b 2.92+0.16b 0.12+0.03a 99.83
X7l 33276 174 189.30+4.43¢ 186.40+3.52¢ 1.57+0.26¢ 0.43+0.02a 99.93

a, b, c: the significant difference indicates the comparison of different sampling parts in the same place.
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Figure 2.
INF XZ FEHL . B BRI AR L
ACE F1 Chaol #5%{/3%I7E 189.30-1042.86 FlI
186.40-1044.41 Z [] . )7 BB B Z A /) Shannon
TEBE 1.57-4.91 ZIa), Hrp, GS Fesb 5847
Whx AR Z R FE, Shannon 5 %Al
Chaol #8505k 4.91 1 1044.41. HZ )T,
XZ FEH IR A B 2 M i i, Shannon #§
# . Chaol 850514 1.57 F1 186.40, W MR Px
T E L FE R Simpson FEEE 0.04-0.50
], GS FEHLAG MR A SURAR S B i i, AR

QHI QHr

QHrs
XZr

RUEHFARXEHXERERE OTUs 7% F EE
Venn diagram of fungal OTUs detected in different sampling sites of S. purpurea.

TIEILERER IR B RAR, 3 DRI
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2.3 IS R REE R RRE

27 AFESL P ALA IR T 5 ANTTRY R, Ho
FHER ] Ascomycota MIBFH (] Basidiomycota
S EEREWSERE, 20l b B SR 75.52%F1
12.76%. TEHK F(F 3-A), FEEBES T 273
B, HPEETEEN Sordariomycetes . JAERE 7 24X
Dothideomycetes . = H 2 Agaricomycetes |

Archaeorhizomycetes e BB TR W Eurotiomycetes
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Oy EE G, AR Z A 73%.
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sites. A: class level; B: order level; C: family level.

Fungal community composition in rhizosphere soil, root and leaf of S. purpurea in different sampling
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Figure 4. Heatmap of the relative abundance of fungal community in rhizosphere soil, root and leaf of S. purpurea

in different sampling sites.
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Figure 5. NMDS analysis of fungal community in
rhizosphere soil, root and leaf of S. purpurea in
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represent the associations of root samples, short dash
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1M+ Shannon Fl Simpson 8§ ZAH KA B 2, Mo
HY5 ACE 8RR ETNME, 5HMZHMERS
BAHRMEARZE, Ui AP Al Mo XARFx 3% H
VS AR AR (R 3). LS UR, 2
1y 4 AL Wi (PPO) . 3t %60 1L W) g (POD) A1 Jli L 1t
(DHA) 5 E. 1§ £ FE M 46§ 8L ACE . Chao 1 A
Shannon F& %5 1.2 (P<0.05) 8 #) & 2 (P<0.01)1F

R3. RUAHFRETBEERFESHMEENS IR
LM% RANEGE 4 A Pearson #H K547

Table 3.
soil fungal communities of S. purpurea and soil

Pearson correlations between rhizosphere

environmental factors

Index ACE Chao 1 Shannon Simpson
index index
Altitude  -0.9197  —0.826"  —0.739"  0.784"
pH 0.705" 0.667" 0.709" -0.589"
TN 0.572 0.424 0.157 -0.357
TC 0.527 0.363 0.164 -0.349
ocC 0.517 0.374 0.174 -0.316
C/N -0.183 -0.298 0.171 -0.031
AK 0.854"  0.858"" 0864  -0.867""
AP 0.606" 0.738" 0.510 -0.324
Fe 0925 0.848™ 08747  -0.848""
Ca 0921  0.882"™" 0856  -0.818"
Mg 0.897""  0.849™"  0.773" -0.757""
Mo -0.601°  —0.570 -0.200 0.371
PPO 0.903"  0.858""  0.634" -0.625"
POD 0.928"" 0848  0.758" -0.795™"
UE 0.303 0.149 0.036 -0.219
DHA 0.933"™ 0846  0.769" -0.799™
SC 0.520 0.522 0.636" -0.407
ACP -0.673" -0.618" -0.852""  0.664"
AKP ~0.096 0.074 -0.031 -0.130

The signifcant differences (*: P < 0.05;

. P<0.01; .

P=<0.001) are highlighted in bold. The different lowercase

letters indicate that the difference is significant at the 0.05
level. TN: total nitrogen; TC: total organic carbon; OC:
organic carbon; C/N ratio: carbon/nitrogen ratio; AP: available
phosphorus; AK: aavailable potassium; POD: soil peroxidase;
SC: soil sucrase; UE: soil urease; ACP: soil acid phosphatase;
AKkP: soil alkaline phosphatase; PPO: soil polyphenol oxidase;
DHA: soil dehydrogenase.
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Figure 6. RDA analysis ordination biplot showing
relationships between fungal communities and soil
enzyme activities, and environmental variables. Ovals
represent the associations of different samples in
different sampling sites. The black arrows, red arrows
and blue arrows indicate fungal community, soil
and soil

physiochemical properties,

respectively. The abbreviations of the variables in this

enzymes,

figure were showed in Table 1.
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The structure of rhizosphere soil and endophytic fungal
communities associated with Stipa purpurea and their correlation
with soil environmental factors
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Abstract: [Objective] The aim of this study is to explore the fungal community structures associated with
rhizosphere soil, root and leaf of Stipa purpurea, and the relationship between rhizosphere soil fungal community
structure and soil environmental factors. [Methods] We collected soil and plant samples from three different sites
which located in the Qinghai-Tibetan Plateau. Soil physiochemical properties and enzymatic activities were
detected by using the methods of soil chemistry, and rhizospheric and endophytic fungal community structures were
analysed by Illumina Miseq high throughput sequencing technology. Based on this, we resolved the composition
and richness, Alpha diversity and the characteristics of fungal community structures. Meanwhile, we also analyzed
the correlation between the diversity of rhizosphere fungi and the soil environmental factors, and clarified the soil
environmental factors which effected the rhizosphere mycobiota structure of Stipa purpurea. [Results] The results
showed that rhizosphere soil pH were neutral or leaning alkalinity of three sampling sites, soil physiochemical
properties and enzymatic activities changed differently in different sites. We obtained a total of 314801 effective
sequences and 4611 OTUs by high throughput sequencing, the diversity and richness of fungal communities were
the highest in GanSu site, and the lowest in XiZang site. The fungal communities’ dominant phyla of all samples
were Ascomycota and Basidiomycota, accounting for 88.28% of the total. The endophytic fungal communities had
significant variations in different sampling sites, while rhizosphere soil fungal communities had no obvious
differences in three sites. Correlation analysis showed that the diversity of fungal community was significant positive
correlated with soil pH, the contents of available K, Fe, Ca, Mg, and soil peroxidase, soil polyphenol oxidase, soil
dehydrogenase, while significant negative correlated with altitude and soil acid phosphatase. Redundancy analysis
indicated that different fungal communities corresponding different impact environmental factors. [Conclusion] A
wide variety of fungal communities are associated with the roots, leaves and rhizosphere soil of S. purpurea. The
fungal assemblages are influenced by multiple soil environmental factors, and different fungal communities have
different influencing factors. This study was significant to the exploitation of the beneficial microbial resource, and
also providing a theoretical basis for the conservation and reasonable development these natural grasslands.

Keywords: Stipa purpurea, fungal community, soil chemical and physical properties, high-throughput sequencing,
Qinghai-Tibetan Plateau
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