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Effect of interaction between arbuscular mycorrhizal fungi and
Rhizobium on Medicago sativa rhizosphere soil bacterial
community structure and PICRUSt functional prediction

YANG Pan® ZHAI Ya-Ping® ZHAO Xiang® WANG Shao-Ming' LIU Hong-Ling?
ZHANG Xia™

1 College of Life Sciences, Shihezi University, Shihezi, Xinjiang 832000, China
2 Chengdu Normal University, Chengdu, Sichuan 611130, China

Abstract: [Background] Medicago sativa is excellent leguminous forage that can reciprocate with
arbuscular mycorrhizal (AM) fungi and rhizobium. Inoculation of AM fungi and rhizobium can promote
soil nitrogen and phosphorus cycling and increase alfalfa yield. [Objective] To study the effects of AM
fungi and Rhizobium on the structure and function of rhizosphere bacterial community. [Methods]
Rhizosphere and non-rhizosphere soil samples of six different treatment groups were collected, based on
the high-throughput sequencing technology of bacterial 16S rRNA gene V3-V4 region. The bacterial
diversity and community distribution in the rhizosphere and non-rhizosphere soils of different inoculation
treatment groups were analyzed and compared. PICRUSt software was applied to predict the function of
bacterial microbiota between different treatment groups. [Results] A total of 3 849 OTU were obtained
from 36 soil samples, belonging to 398 species of 50 divisions, 59 classes, 132 orders, 249 families and
595 genera. The main dominant bacteria were Proteobacteria (66.79%, 52.81%—81.46%), Bacteroidetes
(7.83%—-19.68%) and Actinobacteria (2.21%—16.40%). Compared with no inoculation, the inoculation
treatment of Glomus intraradices and G. mosseae increased the beneficial bacteria of
Gammaproteobacteria and Bacteroidia, inoculation with Rhizobium increased the abundance of the
nitrogen-fixing bacteria Alphaproteobacteria. PICRUSt function prediction analysis indicateed that the
bacterial microbiota had a total of 35 sub-functions. Inoculation with rhizobium can increase amino acid
metabolism, which is conducive to plant N-nutrient cycle, and inoculation with AM fungi may have a
certain inhibitory effect on N-cycle. Compared with single inoculation with AM fungi, double inoculation
with AM fungi and rhizobium treatment group had stronger carbohydrate metabolism, which was more
beneficial to plant nitrogen and phosphorus cycle. [Conclusion] The inoculation with AM fungi and
rhizobium can increase the abundance of different beneficial bacteria related to nitrogen and phosphorus
cycle in alfalfa, the results provide a scientific basis for plant nutrient uptake, the increase of alfalfa yield
and the development and utilization of bacterial fertilizer.

Keywords: Medicago sativa, High-throughput sequencing, Bacterial diversity, Bacterial community
structure, Bacterial function prediction
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Figure 1 Relative abundance chord diagram of soil
bacterial at division level under different inoculation
treatments
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Note: a: Proteobacteria; b: Bacteroidetes; c: Actinobacteria; d:
Firmicutes; e: Fusobacteria; f: Gemmatimonadetes; g:
Acidobacteria; h: Unidentified_Bacteria; i: Verrucomicrobia; j:
Berkelbacteria; k: Others.
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Figure 2 Relative abundance chord diagram of soil bacterial at class level under different inoculation treatments
¥: Unidentified: Zr2SHiAASWIRAIAN R 2ERE; Others: i 40 b 2SHE.
Note: Unidentified: Bacterial sequences that were not identified into anyone in databases; Others: Rare groups.
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Figure 3 Abundance heat map of bacterial at genus level under different inoculation treatments
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Figure 4 Heat map of bacterial functional diversity in alfalfa soil under different inoculation treatments
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HPUisae 1ok vl , WU R AL FEZH AT R & T 5%
FhAb PR
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AN, T IRANTEE I M S S, Ao
K IRAE & KA A [R) Ak P () R R ) 3 B 2 S A
Ko MHETXHA, 7 GIR AP hF R KM
J&F Stenotrophomonas. Sphingomonas % Delftia,
"H. Sphingomonas #i1 Delftia % J& 4l 5 7 GIB .GIKR .
GIKB b2 S BE ek, A HAb AL R o 5
F MK (P<0.05); 7£ GMR AL o 3 BERE A A 4N
W J& A Algoriphagus. Pseudomonas, Pontibacter .
Arenimonas }2 Methylophage; 7£ KR 4b¥iZH
Massilia, Gemmatimonas A Bradyrhizobium ¥
B K fE GIKR 4b P4 7 Arthrobacter #l
Faecalibacterium FEiK; £ GMKR AZbF]
Bacteroide K. FEAFACFRA Y, TSR L]
14 )& (Stenotrophomonas) 4 & 73 R i L #VJm o« HHE
FTARAPAH , 55 59014 )& (Stenotrophomonas) 7£
GIR ZhBRZH Hr 3N T 45.6%, 1 GIKR #hBHZH il
FEART 19.2%. B, CAVIRERM, FFRPEME
J& (Stenotrophomonas) Al #§ 2 W A il % )&
(Sphingomonas) i A WAL & W R, HA syt
AACERRIRE ST, & AT DA S AR b vk i 1 e 4
P, Delftia FLAT 1 22 Bl B0 0 11 P
2 fil FF 18 J® (Gemmatimonas) . i 5 1 IH &
(Pseudomonas) il Massilia AT LA 1 A= BRI il AR 4
KRG REFHYBR Y A, T H R
I J& (Gemmatimonas) 115 5. 71 £ J& (Pseudomonas)
AT LA B VBRI R SR o e, T ek
AR, B AR P, Massilia®ol]
XT3 i (Phytophthora) A A SMEHTIE M, T4 EtE
YT, Pontibacter J& 40 & HAG T ER . TRbAe
it AR, AT R v R T R A RS
KPR, BradyrhizobiumPF145 4 /& (Arthrobacter)™®
5+ ROT RIGHE VIS, H Bradyrhizobium,
Arthrobacter )& T [H &, HA 48 AAEH
PUFF 75 JE (Bacteroide) FIpH/C il . AACSH . AE1LHEE
SEREYIA S, X T RS B RL L 10 3 1 B
AW, R TANERNA , SRR R TR o

A )& Massilia, Gemmatimonas Fl1 Bradyrhizobium
PEHE T 5 18 MRt IR 151 U R e T, B AR I k3
Y EVIER ¥ P EEA )8 Stenotrophomonas |
Delftia il Pseudomonas % 2 1 & 76 MR br 4 3wl
RIEIN . AR BRI LA B 9 5 o A HIS A0 fig
77, RS IPTRE  Brasi i DR S AR
T D IRt A AR AR
32 HMEREEIIRETN DT

PICRUSt {4 2 f i 24 kS 1 20 TR 7 ) fig 1
MBI, B2 0T LS n TR ShRE T o,
PRI AS[A] b 32 rh o AR B AN A AR B - 40 T
FIThRE, ASHFF0KE MiSeq i & 3 45 SR itk 17
PICRUSt LyRE I 434l o Z5 R 3R, AS[R)Zb PR
HAE R PR AR PR 1 e 40 R AL v S 8% (5 B
bR OAEE(E BACEESE 6 MU EE, BT
35 MrIEe, RIHIEE L FEEME. TEARMR
R Rp A LA Hh G S R D RESE R 28 S A A
KIhtg, HPT G AR, B B AR Kt
PR AWML ELEWEN, X 5H MRS R —
B, A AR, L ERUE Wi A S ik
WK BEmlEY i, BIanEEE TR | 2R .
s BRL L P A AR P AR B A R IR R 1 S
FEP AR AT, DT BI04 s Dt 1 DA R Al A
YHERKBER, JF HIEA . BoEEdR A
T HEAR R0 TR A i B0, b, e
AMFFE H SRS A I RE = FE R
KA AT o7 Lt BESE R, SRR A
FESE R | e EE L BA I s BOR A
OB a-fifR . e e — A fbm, LM
SRR ZIEEFREEAR O IR, M
BT AEMA, JERABTE GIR. GMR, GIKR
Il GMKR 4bH2H 73 A% T 1.98% .1.65%.0.75%
1.66%, 7E KR ALFRZHEER 1 1.71%, #E—HAE
BT AR R TR T BRI AR R R AR, I Rh
AM LA REXT T RIG A —E e . 5340
AR EY, ARG SRR A . B
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PIAHOG, . BEIRFR I BE I w] S SE A Mk K Ak & 4
AR FEABITE R, BRI S WCEITE GIR
1 GMR b FRLH 53 5IREAI T 3.77%7F1 0.12% , 7E KR,
GIKR F1 GMKR 4bFEZH 5351 Tt 1 2.8% . 0.25%
1 4.42% . GIKR il GMKR &b BRZH f K AL A5 4 it
FHELTF GIR A1 GMR Ab PR 5 2 52 5 , HE0AH L F
FAERD AM TLE, BUERD AM TL G FIHYE o A
2 THAMRA A . BEIEIA .

g5 TR, AT AR, Rl b s 55
BIE ARG 25 B3E I, DT 7 5 40 WA
PSR G — & BRIVE R , ] an 2 rh A
SR T EfE MR PR Alphaproteobacteria ZE{i¢ i
RAGIARI AN DS =F B, BRI N BRI 2RI B VY PR32 55
3 A 38T B 45 AR Br - Gammaproteobacteria  Fl
Bacteroidia 55X B AE P A (2 - A #5 I 19
B 734h, PICRUSt TRETINZEH , i R H 15 A4
b R i S E A DI RE , S RIARLR R PTE 2  n a
FERR AT A R TR AR GRS, MR AM B
B AT REXT T RGP A — & REIER , IF BAR L T
FFERD AM ER, BUERD AM BB RIHLE B Ak 3
HWKAS YA, DT A 25 TR AL
BEIRER
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