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Abstract: The desert steppe is_.one. of, the most concentrated distribution in the Inner Mongolia region and representative
types of temperate grassland“in"China for studying systems ecology. The desert steppe is located at the grassland-desert
ecotone, and is an ecosystem that is very sensitive to global changes. However, Grassland degradation has seriously affected
the function and productiyity of this ecosystem under the dual pressures of continuous drought and long-term overgrazing.
Grassland degradation not“only affects local agricultural production and everyday human life, but also threatens the
ecological environment of central cities in china. This has become an urgent regional environmental issue, especially for the
sustainable development of animal husbandry. Today most research on the desert grassland ecosystem examines vegetation
characteristics, physical and chemical soil properties, animal behavior, and so on. However, less research exists on the
underground soil microbial community structure. The Inner Mongolia desert grassland is an important part of the grassland in
north China, with a unique plant species composition and range of community types, structures, and functions. Soil
microbial communities are also important components of grassland ecosystems. They are dominant contributors to

biogeochemical cycles, participating in the decomposition of organic material in soil, and are critical for maintaining the
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stability and biodiversity of grassland ecosystems. Research on the soil microbial community structure and diversity of Stipa
breviflora (needlegrass) on the desert steppe in Inner Mongolia will have important ecological significance to the rational
utilization of grassland, will contribute to understanding the biological functions involved in restoring degraded grassland
ecosystem, and will help realize the sustainable development of grassland ecosystems. In order to understand the
characteristics of the soil microbial community structure of the S. breviflora desert steppe in Inner Mongolia, we adopt high-
throughput sequencing technology to relatively comprehensive research the soil microbial community structure of S. breviflora
on the desert steppe in Inner Mongolia. We extracted DNA of the soil microbial community of the desert steppe in-Inner
Mongolia. Soil bacterial community structures of the v4 -v5 16S rDNA gene region and fungi community structures of ITS1-
ITS2 were examined by high-throughput sequencing technologies. The results showed that 13711 and 5929 OTUs were
obtained from soil bacterium and fungi. Based on the results of species classification, bacterial communities belonging to 29
phyla, 57 classes, 111 orders, 191 families, and 485 genera. Among them, the dominant populations were
Gammaproteobacteria and Thermoleophilia, and their relative abundances were 32.68% and. 26.83%. Fungal species
belonged to 4 phyla, 16 classes, 45 orders, 78 families, and 105 genera. The dominant species were Ascomycota and
Basidiomycota, and their relative abundances were 35.76% and 25.90%. Bacterial communities were more diverse and had

greater species richness than fungal community in the soil.
Key Words: bacterial diversity; fungi diversity; high-throughput sequencing; desert steppe
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SRR B B AT A M TR A5 A AN 2 I 20 R 5 3 A MR (ST 4 iy 1 3
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1 SIS

1.1 A7 XA AL

B XA TSN IR IX S 22 2470 R DU E S N I RARE P T i R, B SR ) R Rl e < e, R T
2N, BRI AL I 280 mm , fFE/K AR 7E 5—8 H | bR R AL AN 5 (Stipa breviflora Griseb.) + ¥
& (Artemisia frigida Willd. ) + G2 B2F 5 ( Cleistogenes songorica Ohwi. ) ¢ 8 &5 R 0 Z KRR Fhgn, 5 R
17%—20% AHPI R R AL = , th 20 ZREP AL, T3 IR AAG £, BAr w8 ARBEA D AR ke i, A
DL ALK, pH y 7.80—7.99, LM LIRDRLAT 5 He il i R, BBt FUR R 2 . )RR RZA N 1m 72
A, ERIREE SR A .
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112°09'— 112°38 'E, K S Z [MIBEES 2 500 m, BRS80S SUBREE I 0—30 em +2 4 IR A
SIa AR IR BRI M LI % KRR R FA I Tmm 1 H 5 T -18°C VK46
I

1.3 13 DNA $2H PCR 4" 4% il s 42 0

+1% DNA $2BCR A0 E.Z.N.A™ Mag-Bind Soil DNA Kit( 3% OMEGA 2 &) iRF &, WE51 ¥R
341F ( 5'-CCCTACACGACGCTCTTCCGATCTG- 3') 1 805R ( 5'-GACTGGAGTTCCTTGGCACCCGAG AATTCEA-
37), % 4l B 16S rDNA 3 A V3-v4 5 AF X i /7 PCR ¥ U E W 51 4 R A OITSIF( 5'-
CCCTACACGACGCTCTTCCGATCTN-3") #l ITS2-Rev(5’'-GTGACTGGAGTTCCTTGG CACCCGAGAATTCGA-3') ,
X ELRR ITS1-1TS2 XA T PCR §744> | —FEA A 51 912 & 4 R 5 19 Barcode J751 T X 408 751, 50
wL X WAK 2 . 10xPCR buffer SpL, dNTP (10 mmol/L) 0.5uL, Genomic DNA 10ng, Bar-PCR_primer F( 50umol/
L) 0.5pL,Primer R (50 umol/L)0.5uL, Plantium Taq(5U/pL) 0.5pL, PCR ¥ #4454 :94°C 3min;94°C 30s,
45°C 20s,65°C 30s,5 MEH;94°C 20s,55°C 20s,72°C 30s,20 NMEH;72°C 5 min,

PCR 45905, 51 A Hlumina Hf =X PCR A 51 W HE175 491, PCR KR . 10xPCR buffer 5 pL, dNTP
(10mmol/L) 0.5 pL,DNA 20 ng,primer F(50umol/L)0.5 wL,Primer R (50 umol/L) 0:5p.L, Plantium Taq(5 U/
pL) 0.5 pL, BI7KF] 50 pL, 95°C 30s;95°C 15s,55°C 15s;72°C 30s,5 MG ;72°C S5emin, % PCR =¥ k4T
BN L vk , IR B IR BHA ) & (SK8192) [RIz, i Qubit 2.0 DNA A& M35 & % (M1 1Y) DNA K i =, &
— i DNA 8110 ng, #% 1:1 IR G5 R A Mumina 23 7] 1) Miseq 2x300 F- 5007
1.4 Bdsab M

o A A B SR LA S 225 FastQC AR HEA T B 46 i, SR J5 FH FLASH {49642 , Prinseq k{43 %
AL PTH), A ST I =97 % 11 17 51 5B 38 A OTU ( Operational Taxonomic Units) , A T s
FRBNRE S P UE DA Z RS B, B OTU ik #E T 2ARRIFH, 1 RDP classifier 2 2 0 B3 55X
RGN/ 2850, FF QIIME X {4 2k 1 78R BE S 4L A3 #7 , 1138 RE i 1Y Coverage FIl Alpha ZFEVE, 45
Chaol 5% Shannon F8%(' ™" Hip Coverage FERESN SCE 7 3508 HOBUEER &, IR AS Hp e 31005 A5 i
PIREZERAS , BEVE 5 B Chao THEICHIE , LA BR =5 2R DI BF ¥4 M)A A0 =5 BEBR =5, T Shannon 5457 S Bk
FES 0 ZREERR B | Shannon 6 5, 2 AHRREE P Bl 1) 2Rl &7 L FEAE P 8 1k 25 0 B A 0 ORI 28
TEGLFR A A HIZERE (Unclassified ) JREAIXT BEART 1% BIZRBES I, SRR M HABZERE (Other) , SR 5 HI/E R[] 43
FEIKF- L 118 20 R L TR 2 AR T

2 HR55%H

2.1 FPAIGETRIE Y 2 e
N TR PR S R BT 5 e T I S W RIS A A LR AR SR P el B R R AR SR E B
ZREERETT Tortr 45 R W3R 1,

F1 ERFFRBEERTIEREY OTUs SHMESHT

Table 1 Analysis of OTUs diversity of microorganism community from Stipa breviflora desert steppe

B3 Rk OTU %k B FARIGEL FEEREL
Target Number of Sequences OTUs Coverage/ % Shannon Chaol

16S rDNA 68307 13711 70.46+5.21 8.09+0.91 26971+8996

ITS 78667 5929 95.39+2.56 5.57+0.69 3767+693

EAEET P VR B B A B R L R 40 B RS A U 1 R 68307 178667, A AL OTUs 13711 4, 5
B AN BRI OUT o 81 29.44% . H B ILH: 5929 A4~ OTUs , 580 7 XA B EE OTU 4
BN 4.61%, R T IR HIE PR A B AR . N ARIEEON 3 5 S BORE | A e i
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Fig.1 Rarefaction curve analysis of OTUs of the bacterial and fungi in soil
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K 70.46%H195.39% (3% 1) , ULEHIUREIEAS G B, il 45 5 RE A% L B 5 Mo iz e = 34 it vl %) 40 7 R L T 7
K . R R 2 S B TR S I R, T DA T RRA I Y R S R DA B A 25, R L v A, R
PR ZST A LR, I W ) B (R 3 Ik B — A &, 1 R 1 B R B h e Ak T 22, R
Ji A 498 B D AR 5 T I P AT IR T S T R A T VAT ARAS A TR AR I 1) AR A5 A A
PR i A R I
2.2 TIEMTEREIE S S HT

X 13711 4~ OTUs FY 532845 SR R W, JaAL 515595 B
R A R BCR 68307 AP SIH, SRR T 29 17757 4
111 H 191 £+ 485 )&, 111K FEZLFET 29 A

;??é%?g

BB ], HARXS E R = 1% 300 (KR 2) , Hip ;ﬁgﬁ:’
Proteobacteria(ZE T T 111 32.68% A1 Actinobacteria ( iU

TN N A . e N P b ia 32.68% Actinob ia 26.83%
[i]]j) 2. 83%, jﬂi%éﬁ}%qﬂ E{’(J ’ﬁl:?} [E]ﬁllo ;H\:{j(j\j (] }j‘Ol‘E.O acteria ] ct'mo acter.za
RN B Firmicutes 8.45% [21 Acidobacteria 7.46%

. . =1 > . . /L\\ e
Flrmwutes( };Eﬁ:&‘ Il 'j ) 8.45% ‘ACLdObaCtena ( MFI: l j ) W Bacteroidetes 6.75% B Verrucomicrobia 5.31%
7.46% \BaCt@rUideteS ( TU\ *1: Tii l\—J ) 6.75% D Verrucomicrobia [ Planctomycetes 5.11% B Gemmatimonadetes 2.59%
( ﬁﬁi}%%‘rj ) 5.31% ‘Planctomycetes ( {?%ﬁjﬁ_ﬁ rj ) 5.11% . Chloroflexi 2.07% W Nitrospirae 1.05%
Gemmatimonadetes (2 FA T 1) 2.59% | Chloroflexi ( £%%5 [ other 1.69%
B 11)2.07% F1 Nitrospirae (AL IRBER 1) 1.05% , H4x T
19 /l\l‘—JFJT IJ_:f Hﬁ'fﬂy{] 'ﬂEE:F 1% s ;j\: IE 1.69% Fig.2  Bacterial composition at phylum level

KRBT 57 DARBIN(F 2), oA X Protebacteria ZEH 1] Actinobacteria TEZKH 1] Firmicutes JEREH ]
R =20 WA 15 4, H o2 @] By Acdobacteria FRETEIT] Bacteroidetes KT EI] Verrucoomicrobia JEH
Gammaproteobacteria (-8 TE B8 40 13.54% ) FL L H 1) il Pla.ncwl}ﬁt,e ) {52 b % n\,cemm.(j_tTt,madem o H?:@P K
{4 Thermaleophilia V&I A 12.78% ) FF o L (L5 5. Chloroflexi %2511 Nitrospirae FSALIZHER 1T Other HABAN
HIK N Alphaproteobacteria ( «-ZETE TR 20 8.55% ) \Acidobacteria ( FR¥T T 24X 7.22%) | Betaproteobacteria ( B-Z8 ¥ P&
N 7.14%) Actinobacteria ( LR 6.59% ) 55,

TERJEA 111 A H p X =2% KA 14 A, Hop Solirubrobacterales 3 fe i, o5 7.85% , ikl
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Enterobacteriales(JFFHE B ) 15 6.26% , Gaiellales 15 6.23% ;1% 191 Bl AXTEFE = 2% WA 12 14, EEHEE
il 3 1 B2 Enterobacteriaceae (JFFEEF) 6.26% , Gaiellaceae 6.23% , Solirubrobacteraceae 5.17% , 1 H MK -
TR 19.89% ¥ OTUs AKRESHZEIMN,

R2 MAKFAEHFEARREBXEE

Table 2 Bacterial composition and their relative abundance at class level

e AHXS 23/ % IR

Class Relative abundance Member of phylum
Gammaproteobacteria (y-"SH#H) 13.54 Proteobacteria (EFHI])
Thermoleophilia ("&HIM TR 2K ) 12.78 Actinobacteria ( FZEH1T)
Alphaproteobacteria (a-"STETH ) 8.55 Proteobacteria (ZEILHIT)
Acidobacteria (BRFFTRI4K) 7.22 Acidobacteria (FRFFHI)
Betaproteobacteria (B-"FILH4) 7.14 Proteobacteria (BILIAI])
Actinobacteria (IERHE ) 6.59 Actinobacteria ( FZGHI])
Clostridia (M) 5.07 Firmicutes ( JELBERI])
Sphingobacteriia ( HEFT M) 4.77 Bacteroidetes (FT )
Acidimicrobiia ( BRIMTHEYA) 3.84 Actinobacteria( T ])
Planctomycetacia (FFFHE ) 3.82 Planctomycetes ( TF25H [ 1)
Deltaproteobacteria (8-"STEH 4 3.42 Proteobacteria (ZEILTHI])
Bacilli ( ZF-HIFFE49) 3.12 Firmicutes (JEBEHTT)
Spartobacteria 3.07 Verrucomicrobia (PEFEETT)
Gemmatimonadetes ( ZF HLI T 4 2.59 Gemmatimonadetes( ZFBAMITHE )
Rubrobacteria 2.56 Actinobacteria (FIZEHT)
Other 11.90

PR TR B 2P e R AN TR R I AL I, TE TR KT — 2D W AR TR VR SR AT . TEJR K
-, AR Y S A 485 A, o SRR = 1% W R AT 24 4 R BRFT T RRAT B4/ Blastocatella It
] B R 6.28% VR A IR B 1) H g AAGTH TR 4K 1Y Solirubrobacter 4.84% , TR B 11 MY Gaiella
4.50% , JERETE )RR R RHY Pseudomonas 2.91% VA K Patulibacter 2.87% , {BAS—HE095E , NI THIZA K P
KA I H T TRARIE A i o e e (B AE SR KV BRAF BT ) T R AT TR 2N 1Y Blastocatella FITZLH ]
B I TR AN 1) Solirubrobacter FIT f bk 9l i 2 , 1 3 B e S AR I T T T I A R A AR AE R 2
2.3 HHEREREG T

JLAREH S e i w it LT O 5929 > OTUs
AP REE R R SRIE T 4 1] 16 4945 H 78 Bl 105 &
TEI KRR T 4 DAFEREFETT(E 3) 70508
Ascomycota ( THEW [']) 35.76% . Basidiomycota ( 1 T
I'1)725. 90%', Zygomycota ( 4% & W 1) 5. 55% H
Chytridiomycota (F#1])0.45% ,i04H 16.89% [FARRES> B Ascomycota35.76% W Basidiomycota 25.90%
3'@1«‘}& 15.41% E@j&%ﬂﬁ”’@“o B Zygomycota 5.58% B  Chytridiomycota 0.45%

CROKT S SRR T 16 420 3) AR =09 unclassified 16.89% = unclassified_Fungi 15.41%
MIRA 5 4, 50 B Agaricomycetes (B A) 22.61%
Sordariomycetes (3252 B 4X) 15.60%  Dothideomycetes ( JA %%
W) 10.44% , Zygomycota_class _Incertae _sedis (732K Ascomycora THHi1] Basidiomycota 1 11T Zygomyecota 4 il ]
FE) 5.58% ., Eurotiomycetes ( BLZE I #M) 5.58% b A  Chywidiomycota T I'] unclassified K532 unclassified_Fungi A1
15.41% ) OTUs AAES K, L

3 TkFEEEBEM

Fig.3 Fungi composition at phylum level
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HEHKESRIE T 45 A H X EE =2% 0457 4, Hypocreales ( RER H ) F 5 e R 12.43% , Hk &
Cantharellales (3B H) 5 7.77% , RN Pleosporales (F&RIEE H ) 5 5.88% , 7ERIERY 78 B HIXE
BE=2% A 74, b Ceratobasidiaceae ( FAHHE L) W EFE fe 5 8 7.77% , HoR N unclassified _Agaricomycetes
(AN FERL 5 5.56% A1 Nectriaceae (#35%H8F) 5 5.55%

£33 MAKTFEEHFANREBEXNFEE

Table 3 Fungi composition and their relative abundance at class level

9 Class AR BE/ % IR

Relative abundance Member of phylum
Agaricomycetes (SPTHY) 22.61 Basidiomycota (1FTEI])
Sordariomycetes (ZE5ETHA) 15.60 Ascomycota ( FHEWI])
Dothideomycetes ( JEPEFZR) 10.44 Ascomycota ( THEI])
Zygomycota_class_Incertae_sedis 5.58 Zygomycota ( HAHEN)
Eurotiomycetes (B2 ) 5.58 Ascomycota (FHEWEI])
Leotiomycetes (FETH T 4) 1.98 Ascomycota” (FZEH )
Wallemiomycetes ( T HHE ) 1.43 Ascomycota ( T-2ERI])
Tremellomycetes (FRH-44) 1.11 Basidiomycota (FATFB 1)
unclassified_Basidiomycota ( A4 0.74 Basidiomycota (FHFHIT)
unclassified_Ascomycota( RHI) 0.72 Ascomycota (FHERI])
Ascomycota_class_Incertae_sedis 0.68 Ascomycota ( TFEE])
Pezizomycetes ( $LH ) 0.49 Ascomycota ( FHEHIT)
unclassified_Chytridiomycota ( R HIZN) 0.45 Chytridiomycota (TEH[])
Saccharomycetes (FEFFE) 0.19 Ascomycota ( FHEHIT)
Orbiliomycetes ([FIFETH L) 0.08 Ascomycota ( THEH[])
Microbotryomycetes (THEREM L) 0.01 Basidiomycota ($8FH[7)
unclassified_Fungi 16.89 KHEH
unclassified 15.41 EES

@A, AT 2 /DA 105 D&, X F R =2% 1 Het il KM EA 4 . 751k
Fusarium (‘$f0E 8 ) 5.32% Mortierella ( #{ {55 )& ) 5.01% Acremonium ( ;TR ) 3.74% | Aspergillus ( 1 %5
J8)2.77% .

3 it

SRR 2P I B i phy FAE BT RO G S M R & B BCBOR T, Rt SR A el A AR
N A S ARG RS AMURE S RGN WY RS SRR RS REE . ENZS
LI HUT S i SRR 3RS AL SRR TR AL Skt SR W AR
A TR IRV RS E 1 AT Sz e A A SR 0 L T I 0 G R PR R, TR SR R 2
SR AE PR T AAT T 3 A A5 D REASE M A 45 K S FAT H 2L R0 38 A9 7 b A R 1Y
FABHESE by 20 ERT, A O A B8 I AR B 3 T 15 - AR W AR A B R I R UL R
R B R A T e S R R A R R R EERAEROR O AT i UCR e e
BRI REAC B S i e I A SR W v M RV EE AT T RO PRAIM T 5T, 51 T A AR 5 e o i - 4
PR ME IR 49 H B R AR 2K LR PEBSEAE RO 1 IR AE R R AR
o U AN AR TN KF B Ao AE B LB, miAe H BRI 2K it o IR 70 28 44 PR 15 B B 2R
JIr b LR . ELTET TRIA/K M A 1L 16% 1Y OTUs AREFEAT /323X ] BE S0 PP 914G BE U DX ) LA B
FE X A B P A A O

ABFFE R, ALST SRR SR A MR T B AR S R R R TR, XIS AL
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WA LS W) AR P A IF SR A5 R R B, ED AR LS U W A T AR s S TR 2R s b 2R
NP HP RN EEBE R Proteobacteria 1], 3% — 455 5 B N ANE T+ HE4N B ZREME R Z 05T
A —gg o Proteobacteria '] H Hj B #% A A &t I & 3 ok 1) & [ CHEe A WiEdh 28000
Proteobacteria |1 50 R FIA 22, AT SERF 53 K SRR AT A1 1102 - S A0 TR RF 7% vh =F B d vy, SR T2 TE
TR T T DR 3ASERE 20 RRAT T 1) AR 1E T RO I R R vh Y 3 B SRR vl IR 52 A DG OC R
ASBIEFE AT 1) B B2 DUAL, EAS SO0, i 7E Jm 7K P BRAT I 11 i Blastocatella 75 i A7 J& rf =F JE fi
o, XA R T IR BERL R SRR AP Z B AL W 2P UESE T Sun S ADULAL  REE (VAR TR, QR AT IR RIS P
TR 1T ARy H 3R AR OU AR /R T o AR hoBCZR B T R AGR F AR 1R 11 o) — PR32, T Lk
WITE T AN AKX L U7, 33X ] BE 5 e I A PR T 5 sl A U AR R 5 TR W A A S
ZOHA K, R BRI PRI Z — S REP A R MR ROPUA R ] WLRIAE B 25 i 1 o Jit ot 3 v i
/A ZRPUER T AR TR,

FOACET ST I i A 3 rh LR LRI B Ascomycota | Basidiomycota  Zygomycota Kl Chytridiomycota 4 >
1, e A 30% 7247 /Y OTUs oK RE 73 S 8 R AT EL I, 78 n] 73 2K 1Y FL08 T, Ascomycota - J¥ % 5,
Basidiomycota IRZ., MHHF [T Agaricomycetes W= FEHIE & T F 2 & | HE B Bei® Sordariomycetes, 3=
T Ascomycota FEHTZHENEF T Basidiomycota , Wit —25ESE T 7% S A HE H IO S %) Jik 81 780 B0 3 190 WL
ST RIS L T SRR AR R 3 B (T TR ARSI B A 6 AT BR T ARSI T 4 A1 4b,
WIS AR Y Glomeromycota (BRFER ) F Blastocladiomycota ( ZFAF%1]) , FeEL R RETS A T B 4544 2H h{,
SIARTRGEL A, FREB ) BT 2 O AR A 0 e e - M DUGE A AR R B A
PR FIHH 71 2 b 2 B AR Y A WEST A PR B0 i R AT 2 R Y AR BT R 3 4h,
ARFFFEEE IR TR T RAEE DR E 30 F Fusarian(HERLEE ) DL 5.32% 9F R 105 821, Hak
N Mortierella ($fFE)E ) o TRAR EAF XS AAR 1% LRy FERIH 4 R AN [ o by 288 Y 1% 1 38 ELRR A v AL F 90
B, AN [ RE A IS B e i, 4 M R K R S RNZE MG ZH A e AT — i 1Y 22 5k, BR 2P S R i e e 1Y
DEFATERE 75 8 R |, AR B B A A T R IR B | TH P R L A RN R R A e Jm . Hoh , Bl s
J& R R R ERE R AR D 4 SRR IR AT I ASCI RS A5 A HR AL,

FA1 DU DX 8 5 X Py 5 5 AT~ A2, 41 16S rDNA FE PR () AR [R] e 48 X, 3 43 245 B
RERME L ASARTE T RTAS T TR E A 16428 S50 2 X A s A R 2 TR 7 2B B ) AR IR SR i 14 SC P
TAANE N 70.5% ELH H95.3% A EINPEAS NI R B2, A SR AG D 1) 5 22 10 40 T R E BT 2R R
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