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Analysis of bacterial community structure and function in rhizosphere soil of

typical shrub in desert steppe of Ningxia
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Abstract: The composition and functional characteristics of soil microbial community are crucial to the maintenance of
ecosystem functions. It is of great significance to identify the structure, community functions and environmental response
characteristics of desert soil microbial community for the maintenance of ecosystem stability and diversity protection. In this
paper, 16S rRNA and Metagenomics high-throughput sequencing were performed on rhizosphere soil samples of four typical
legume shrubs ( Caragana spp., Ammopiptanthus mongolicus, Caragana tibetica and Oxytropis aciphylla) from the Baijitan
desert steppe in Ningxia. The structure and functional characteristics of the rhizosphere soil bacterial communities and the

rhizosphere carbon and nitrogen cycles of the four typical legume shrubs in desert habitats were investigated, and the key
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environmental factors affecting the microbial communities were also analysed. The results showed that: the richness and
diversity of rhizosphere soil bacterial communities were high in the fruit period of the four shrublands, and there was no
significant difference among different shrublands. The relative abundances of dominant groups such as Actinobacteria,
Proteobacteria and Acidobacteria were different but the differences were not significant. The most dominant bacterial phylum
of rhizosphere at different development periods of the four legume shrubs was Actinobacteria (32.98%—44.53% ) , followed
by Proteobacteria, Acidobacteria and Chloroflexi; there were 322 core bacterial genus and the diversity was relatively rich.
Arthrobacter, Rubrobacter and Microvirga were the dominant genus that could be defined. Functional annotation of the
metagenomics data showed that rhizosphere microbial functional pathways at different development periods of the four legume
shrubs differed according to the shrub species and development period. Functional annotations of COG ( Cluster of
Orthologous Groups of Proteins) and KEGG (Kyoto Encyclopedia of Genes and Genomes) indicated that there were still a
large number of unknown functional groups to be explored in the rhizosphere soil of the four shrub species. The functional
communities involved in energy generation and conversion, carbohydrate transport metabolism and signal transduction
mechanisms were significantly different among the four soils. The abundance of functional groups related to metabolism was
the highest at KEGG level 1, accounting for 73.05% on average. Characterisation of the carbon and nitrogen cycles showed
that the abundance of genes related to the reduced citrate cycle pathway was higher in carbon fixation and the organic N
metabolism pathway was higher in the nitrogen cycle. The rhizosphere soil microorganisms of Caragana spp. had higher gene
abundance involved in carbon and nitrogen fixation. Redundancy analysis ( RDA ) showed that Actinobacteria and
Firmicutes were positively correlated with soil total nitrogen (TN) , ammonium nitrogen ( NH;-N) , total phosphorus ( TP)
and available phosphorus( AP) , Proteobacteria were positively correlated with soil pH, and Acidobacteria were negatively
correlated with AP, total potassium ( AK) and pH. There was significant positive correlation between carbon fixation
pathway and soil nitrogen and phosphorus. NH;-N, nitrite nitrogen ( NO,-N) and TP were positively correlated with
nitrogen fixation pathway, and nitrate nitrogen ( NO;-N) was positively correlated with organic nitrogen metabolism and
denitrification pathway. The results lay a foundation for understanding the diversity of plant rhizosphere soil microorganisms,
their genes resources, the environmental response characteristics of soil microbial communities and their adaptation

mechanisms in desert steppe habitats.

Key Words:; legume shrub; 16S rRNA sequencing; metagenomic sequencing; rhizosphere soil bacterial diversity; carbon

cycle gene; nitrogen cycling gene
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1.2 et o e

S5 R 2 A BT 7 ) 5 - S BRAR MR i L SR pH T e 18 pH ;b L I e 4 e
K,
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168 rRNA %K V3-V4 X #EfT PCR § 34, 5¢ i Mumina SCEEAEE G BEATIT . T 22 B2 7 (9 DNA #¢
i, FF CovarisM220 1S #5 H A Befk , 07 26 3T W 24 400 bp AY A BE, fdi F§ NEXTFLEX Rapid DNA-Seq ( Bioo
Scientific , 38 [ ) 17 £ 5¢ BSC I Hil 5, il 1 7 20 PCR 9738 5 b A7 22 3L R, P 4T L SE s B W s
HRHE A BRA R AT,
1.4 Bdsab M
1.4.1 16S rRNA HEPH 438 7 i 1 a2 ) Py s b B

i QUME K {4:( Version 1.9.1) X9t 5 1P 54 T2 38 , a uE 4K BT B L 48 2 10 )7 51, ffiFH Uparse
(Version 7.0.1001 ) #4421 97 % B9 )7 S ARARLEE X P B 04T 5 25, R A RDP classifier D130 06 X RIS 5 19
OTU FRFEIFHNHEAT 432225307, 5 WIFEAS A 322K L Gt 4 HEA RIS 2 A
1.4.2  ZEREP AN i Ab B

f#i 1 Fastp 3KFXF reads 37 3t A1 57 3t adapter 7813478 DI RS B0 A5 20 B9 DL AL 510 T Megahit ¢
AT PR 4L %€, i 5 =300 bp contigs 1F N fe 2 By 345 F; 11 MetaGene X contigs 1A% FF i[5 352 4E
(ORFs) AT UM , e O B K BE R T4 100 bp AYZERR , BRI LR 751 LA CD—HIT X Fr A3 AR AR 1500
HH RS AP 91 547 52K (identity = 95%  coverage =90% ) 5 # L AE TUAR AL 4 s FI T SOAPaligner B3 51l K¢
AN RE BB TR reads 5 AR TUAY BE N 4R BEAT L R (identity = 95% ) , I #E4T RE DR i F AL Al
DIAMOND R AR TCAHE PRI 7 51 5 88 11 5 B &R [RVR MR 5508 1 ( COG ) B ds 2 iR AT LT, 345 58 R XS 1 1)
COG L E (5 B T BLASTP 4 AET0ARSE AP 9 5 nt#RSE N 5 L 4 | B2 43 (KEGG ) 3 PR g 122
( GENES) #:47 b X, #R 88 He X 2% 548 KOBAS 2.0( KEGG Orthology Based Annotation System ) #E47 DI HETE R,
i CanocoS BT 4N B FE T ALY, LR = B A+ 3 BRAL 22 [R1 () TU43 43T ( Redundancy analysis, RDA ) Jf- 7]
HH SPSS 23.0 1 AF##47 Spearman AHICHESTHT .
2 ER5H5H
2.1 HIEYNREREVERY OTU 2K Alpha ZHEME:

16S rRNA FEPH 5y 3 s 7 250808 Som (36 1), AT L3RR R A5 10 RUT 51 80k 24455—44019 2%, )7
4 15 HAE 96.98%—98.69% Z 1] , & W 7 TR FE BE A B e o7 hEE AR o - 198 0 5 1) 4 TR B V% 41 1 S Z R PR A
B AT IR AL BE 97%#1T OTU 2, HARTH 29608 4~ OTU,, A& HE b Alpha ZFEME 2R

F1 IRBRTIEME OTUs B R SHMEIRE

Table 1 OTUs number and diversity index of rhizosphere soil bacteria

i M SN2 PR T
e ﬁ&i?ﬁﬂ’ﬁ( ?mgfeiziﬁalju B Shannon $§%% Ace 1525 Chao 1 F5%4
Samples Number of valid taxonomic units Coverage Shannon index Ace index Chao 1 index
sequences (OTUs)
NT1 33530 2360 0.980 6.219 2994.031 2999.501
NT2 24455 2317 0.970 6.491 3058.927 3062.057
NT3 36463 2549 0.981 6.522 3160.189 3181.818
SD1 42332 2724 0.983 6.230 3351.425 3360.593
SD2 32333 2326 0.980 6.267 2888.186 2844.504
SD3 39137 2826 0.982 6.602 3391.040 3365.013
MC1 37708 2367 0.983 6.322 2948.986 2908.875
MC2 41469 2408 0.985 6.293 2940.927 2979.393
MC3 44019 2534 0.987 6.471 2973.469 3008.210
MT1 36554 2154 0.984 6.057 2648.030 2725.052
MT2 37545 2443 0.982 6.300 3054.694 3079.980
MT3 41176 2600 0.985 6.517 3110.050 3114.636

NT:#72% Caragana spp.,SD: V0475 A. mongolicus ,MC ;BRI C. tibetica ,MT . Ji35H] O. aciphylla ;1—3 435 E IR A IR 523
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Fig.1 Community composition of rhizosphere soil bacteria at the phylum level

NT:#7:%% Caragana spp.,SD: V027 A. mongolicus ,MC : THil C. tibetica, MT Sk H] O. aciphylla

IR AKE LA S O AR E 322 A4, 2R R L KAk AT BN Sk AR FR 4 49
SRR TE N 12,13 .5.26 4>, JEAKTE LR AN IS AL R (B 2) , 25 R 3RS o] 8 SRR BE i kT
B )& (Arthrobacter) ZLEKT B & ( Rubrobacter ) FA TE AT 1 J& ( Microvirga ) . Herp, 4 FPE AR PR £ 358 5 4T
B R P REL X 2 241 A SR S B I, I EL VD 4 T AR B 19 A 51 J A A X o B B v e 3 R 1 (P<
0.05) . EHIARFRLT T B I A A X 42 5 3 i VDA MRPR (P<0.05) |, SR I AT B a8 110 A ke 2 B 3 (KT
WSk +HE(P<0.05) , 4 FPEE T3 RB41 A 25 S H2E 5 AN B35 (P>0.05) , BeAb 1] S S 1Ay 45 R =k o]
HRBR A3 RBA1 AN 2 B = T8 578
2.3 ANEERES S BRI R B A ST o A

W AR PR -S4 TR 5 I BT AT U4 43T ( Redundancy analysis, RDA) . Z5REKH] (18 3) 55—
Al B X S A A TR i 0 A ) iR R LRSI 43 R 58.879% Il 29.64% , i il R AR B AR S i ik 88.51%
T PRl LS 198 T 2 Bt T MR PR 20T - R W R VA S5 A A A AN R, R A T S £
HEEE I F R IEAHCE R, 5 AP TP BB 2 IEAH G (P<0.01) , 5 NH,-N NO;-N TN AK & 2 [FAHC (P<
0.05) ;LB 15 pH  TK \NO;-N Fl AK IEAHC, 5 pH B IEAHE (P<0.05) ; JEEER 15 TN AP \NH;-N 1}
WFETFASE(P<0.01) ,55 TP SWC 8 IEM S (P<0.05) ; ZFHA B 155 TP # % IEAH 54 (P<0.01) , 5 TN,
AP AK FI SOM 3 1EAHIE(P<0.05) o AT 3L T 5 RRAF B 1] 4 as v | T RO BRT 1) 4535 22 A DG ¢
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Fig.2 Community composition of rhizosphere soil bacteria at the genus level
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Fig.3 RDA analysis of bacterial communities and soil physical and chemical properties
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2.4 GRHEMRER IR AR T AR AT
2.4.1 COG HfgiE R4 Kot

COG YIRETERELE R W], RFNTIBE (S) FlH 4= fe ey, BT 4 B AR PR 1 38 b a] REAFAE R 5 1025 HE )
REA s, HUCHE IRz SR (E) , ZH EAMBE (L), fe 4 iUk (C) MRk ik & s iz
TR (G) o M AL I RIR S AR P A 398 v i S Ty RE SR DA 41 e T A A | 2 W3 WA Bisf 309 Sk
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HA BEEERNIIERGE, GRRW(E 4) £ 400 82 5 0 D) AR R R A8 AR FN T 68 | Ak a2k g%
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P<0.05) B AL A Y& Bt 227 5.3 (0.001< P<0.01) , 704 S5k MR pr 3 ik 9
AR AL B G2 AR DL R R 12 A DI B iR 12 25 57 .35 (0.01<P<0.05) ; VAT 5 B RIR br 173
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Fig.4 Significance analysis of functional categories of rhizosphere soil microbial communities based on eggNOG database
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Fig.5 Significance analysis of functional categories of rhizosphere soil microbial communities based on KEGG database
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Fig.6 Rhizosphere soil microorganisms involved in carbon fixation and nitrogen cycle
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Fig.7 Key genes of rhizosphere soil microorganisms involved in the reducing citrate cycle pathway
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