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Diversity of endophytic and rhizospheric bacteria of Suaeda
heteroptera Kitag from Panjin Delta in Liaoning Province
TIAN Rui YU Zi-Chao LI Zuo-Yang WANG Xu-Lei WANG Bin"

(Key Laboratory of Marine Bio-resourses Sustainable Utilization in Liaoning Province, Dalian Ocean University,
Dalian, Liaoning 116023, China)

Abstract: [Objective] Suaeda heteroptera Kitag which is a typical saline indicator plant has the
function of restoring the saline-alkali soil polluted by heavy metals and oil. But little was known about
the relationship between its root and endophytic microorganisms, microbial diversity and the function
of rhizospheric microorganisms in bioremediation. In this study, we determined the diversity and
structure of the endophytic and rhizospheric bacteria of Suaeda heteroptera Kitag from delta area in
Panjin Liaoning Province. [Methods] The bacterial diversity in rhizosphere soil, root homogenate and
root attachments of Suaeda heteroptera Kitag was analyzed by traditional culture methods and
high-throughput sequencing. The selected strains were identified by morphological observation and
analysis of 16S rRNA gene sequences and physio-biochemical characteristics. [Results] Sixty-seven
strains were isolated from these three samples with traditonal methods, and twenty-eight strains among
them were selected as the representative strains. The results showed that the strains were mainly
affiliated with the genus Halomonas, Marinobacterium, Bacillus, Paracoccus, Pseudomonas,
Planococlus, Serratia and Zhihengliuella. High-throughput sequencing analysis showed that these three
samples with highest bacterial diversity were, in order, root attachments, rhizosphere soil and root
homogenate. In total, twelve phyla were identified from these samples, which were Acidobacteria,
Actinobacteria, Bacteroidetes, Chlorobi, Chloroflexi, Cyanobacteria, Firmicutes, Gemmatimonadetes,
Planctomycetes, Proteobacteria, Spirochaetes and Verrucomicrobia. Bacteria assemblage was
dominated by Cyanobacteria (42%) and Proteobacteria (33%) in root homogenate. Proteobacteria
(46%) and Bacteroidetes (16%) were the predominant phyla in root attachments. Bacteroidetes (37%)
and Proteobacteria (20%) were the predominant phyla in rhizosphere soil. [Conclusion] The diversity
of endophytic and rhizospheric bacteria of Suaeda Heteroptera Kitag is high, which suggests that the
bateria in this environment may play a role in the bioremediation of saline-alkali soil polluted by heavy
metals and oil.

Keywords: Suaeda heteroptera Kitag, Rhizosphere microbia, Diversity
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Al - 3 K R P AR R A PR 2 R A T 5T

[ s DA HH 32 0T 58 YR AR it R A o LA Pl A
IS A AR T —AMRRER I, AR PR
A YITEA LIS e A B R R R %
PR H, A AR R SRR
Y2 B F . N F IS B AR 2R B M i 22k
PE DL R AR 2 i A WA A 8 2 b i A AT A
BETEGREAMFR T . ASGR RS 7B sl
TRV 5 77 A oy 308 ) o < VA Y P 5 Bl 2 AR
F O Z A A0 TR AR S R ES i T Y, bt
FORE AR TR AR R 5 HAR R MR Z 1R 2%
R iR Y e A s P AR
PEALHE LR

1 R5FE

1.1 ##

L1l #HREERGE: WEERES R AL TR
BT = AN LD, K AR R H AN
/NG — AR AR Z A8 F i, 24 h Pz [l
S KRR AR AT AL T, AR AR 2R I )
TR AR T, RICMAR R L HERES ;. FIJCHTRGK
Ve ERHE I A EERR R 3, YA ik
KAEESL S, BIMAR R E YIRS IS L TCHEK
MR ICEAR 2 70% B2 5 min (G20
FREAT A, B S FHJCEE K bt 3 1K, B 1 mL
S — R YL TC R K IR A 7E 2216E VAR K57
R, WERTWE AR, FHMERR 1 g 5y
WATCHEBEE S, A 10 mL JoHi7K, 7850
IEWRNFES G, RN RS AE S . B
Gy RWIER G, — 5 AL G- A i 5% o 85 4l
b, S—3RMRBUR DNA #4720 s

1.1.2  EFE: 22165 (g/L): BEAMRS, Wbk
B, BRI = k0.01, InBRIG K Z 95 , HpH 7.6-7.8,
1x10° Paf FEZEVUKH20 min; A SR ILA B
AE#520 g/L,

1.1.3  FERFIFLEE: 70%L 0, KREETRHERK
A 2R A RN F] 3 TIANamp Bacteria DNA Kit,

W RARAEABH A PR F] ; APLZYM , AP 20NE,
g HAAYBHA R A A . TERSE A, LT
BRUEEETF R8—) 5 SW-CI-2FD By TAE A, 18
AR TR, H IR ER A PR A A 5
WA, HABUMMANT A\ ; LDZM-60KCS 37 20U%
NFRKER, FIFRZETESW  BEER
V-, MR- R AR (E A FRAE] ATE T
HLBEI, T AR A s A BR A F o

1.2 F%

1.2.1 WHEMMSBESEL: 5006 3 AR HTE
KA TRAEERR RS, 458 0.1 mL 4T 2216E %
M b, 25 °C KiFF 24 ho AR PETE FIRRARTE PR
ANEJEAS VR T 2216E A T4k, BERRE 2>
Mtk 3 AR5 22168 #hfi 4 H

122 HBAUNKRRZAE S Kaifbs0
BRI ITE 22168 ARSI THIZE, i T 25 °C 85
7 24 h 5 , AR T TR SRR R VR 7 7 >4 [
Yeta A . HEF H API ZYM Al API 20NE i85
SN HGA T A FRAE AR E S o BRI Al Ak i R AR
RZ A TAY TRARA AT 16S rRNA %
M, K F2s R4 A EzBioCloud $4d
WEATTELR IR UG e Xt . SRAT MEGA 5.0 By
Neighbor-Joining J7 ik # R b fbi, HIEME
(Bootstrap value)HX 1 000,

1.2.3 INEH G DNA BJ3ZEL. PCR ¥ 8RN FF:
B 3 EES 435 TIANamp Bacteria DNA Kit #E17
5 DNA 420, R 16S rRNA K V4+V5 X8
319 907R (5'-GTGCCAGCMGCCGCGG-3")Hl 515F
(5'-CCGTCAATTCMTTTRAGTTT-3")i#47 PCR ¥
W, PHMAR: ERmEIYA0 pmol/L)& 2 pL,
10xPCR buffer 5 uL, 2.5 mmol/L ANTP mix 4 pL,
5 U/uL Tag DNA Polymerase 1 pL, #it DNA 2 uL,
Sterilized ddH,0 #h & % 50 pL,PCR /441K 195 °C
3min; 95°C30s, 55°C30s, 72°C45s, 27 M
¥F; 72 °C 10 min, PCR ¥ 84/ WkE ik i3T5
A B R AR BRA wl A T )T, B SexT
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PCR PP 7alifL 5E i, DNA BURIE I &
ERIRIBF A SCRETFINT , X IAR 7 5 1 TR AL
gt , fJa it E B
2 HRE5aM
2.1 PREERARNEFAEFRMARNS Y
G35 3 AR SR IRATTE 2216E BRI Lk
A7 Al K5 32 4w 19 o B sl A, o a4 45 2
67 PRANT . iR R H RS P B3 22 bR AR
ROPEFEMAERE A R, R mICR A K
B oy B AR 1T IACH AR RN AT, SR BT E 16 K
RAMPEYIFEM B 29 P, RGBSR E
Swtkie, 5 Rk LR, AR 1 HRIE
SRHEAFR) ST bk, HRIEETA > 2wtk w5 B
SHBMEE TIESIAG8 % 1 AR 28 PR T480E .
FR A B R B S RRAE AR FRAE AR AR AE, 456 16S
rRNA FEHFA Xt st oAb i bk e T3, 45
W 31X 28 BRANEA 3 )& T-3h B TR & (Halomonas)
(2/28) . MFHTE & (Marinobacterium) (3/28) . ZEfEFT
T & (Bacillus) (5/28) . BB & (Paracoccus) (2/28).
1B 5 1 @ (Pseudomonas) (2/28) . i sh K H &
(Planococlus) (1/28), Vb8 [NI# & (Serratia) (1/28) .
XIS E 3 8 (Zhihenglivella) (4/28)%% , TEWZ 1, 45
RRVHGFCER R NN EN G FRAEEA TS
MZHENE, 16S IRNA BEHFSI RGE(K 1) LT b
GRRW], SRR B RAR ] 2o 4 KRR, TR
HHE 1P, T2 M T8 JRTEMEE, 67 BT
Salinicola, G6 1 G6-1 J&T Kushneria, T12. T21
M Ti6 J& THAIwE, G8 J& T/ HEk=wa
(Microbulbifer), G13 F1 Gl J& TR EE, S1 )&
TUbTE R (Serratia) . &R 2 AL G10 A1 T20,
JB T RIEREE . fE258E 3 h, T15-1. T19, T19-1
I T18 J& TR, T17 Al G5 J& TUeshak i
JE. TEFHE 4 b, Te. TO F1 T3 J& THER AR
(Streptomyces), G9 J& T 17 # J& (Arthrobacter),
G4. Gl1-1, GI2 Fl T14 J& FXIZH RIS . 7E25RF
1 ¥, T12 #1 T21 5 Marinobacterium nitratireducens

CN44 (T AL, B = FolsE, 26N
MR ITA P9 AE2EHE 3, T15-1.
T19. T19-1. TI8 J& T2 f0FF A& (Bacillus), BTl
BARFEET—NE, H T15-1, T19 Fl T19-1 7E £
SRBRT LB SR A RETE R TH N, BoR
TiZJE WA REA TSI AETE o BRRRIARIY
& Gl Witk, BERZKBM ML, B 16S
rRNA [ F3) 5 Pseudomonas chlororaphis subsp.
piscium JF3835 AR R, 1R 90.70%, %I
BRI DS AT FEiE— 20, PTRE Al
22 FIAEBENFAENERNENS H#H
B9 5 4h

221 WWHERARASMERE OTU REZHM
4. A PCR J7ikd M40 16S rRNA JEA
VA4+VS X EEF I b 7 il I, i Rl
L 2)rT A, 3 AFEmA R o m | 45
BORBVRORT, DLIAAHESEH 3 ARSI BE =
LR R LU S 3 MRS TR, T s
R RET 3 MR TP B SE N, T
FERETI P A SR P A . RS EE R, W
XTFPNHATIHREAE, Wl AR, 7o IR
W RIAB U S R 2 20T, 1 ARt
A 14 OTU, #2288 97%AARIEIH 518 14~ OTU,
THIEAR R S HEAET(G)IARTT 11 123 A RUTH,
WP E A 99.8%, 152 139 4~ OTUs; #MiE
HR R BEEYIRE M (S)FERAT 17 090 KA RUF5, Ml
R 3N 99.7%, AJIHK 402 4~ OTUs (¥ 2);
Z IR (DEAEH] 10 307 AT, FFHIE
TEHN 99.6%, HIFIE1SE] 369 1~ OTUs, 3 M
T B HAIRIRY OTUs MECH 80 (81 3), MRARSIHAE
i FIAR 2R B AR S A 19 OTUs N80 109, 4R
KAV AR R TR AR OTUs MICh
86, ML Z & Py il AR 3R -1 i AL A 339 AH[H]
) OTUs, MRERSIHKFES . WAMEDESS . RAR
TIERE A OTUs M0 24, 34 #1124, LU
EE IR, SRR R A AR R b B
A YIRS AR R N AE A R R
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F1 SBRREROFSHIT

Table 1 Morphological characteristics of the isolated strains

[ YRR MBS EERRE RAHE A AR SRS FRABLEE

Strains Colony characteristics (48 h) Cell shape Gram stain Closest strain Accession No.  Similarity (%)

T2 Smooth  margin, non-transparent,  Short _ Halomonas EF613112 97.98
oyster white convex, about 1.5 mm  rhabditiform
diameter

T3 Irregular margin, grey white fluff, red ~ Mycelioid A Streptomyces AB184300 100
back side, about 2 mm diameter

T6 Smooth margin, oyster white, drying  Mycelioid A+ Streptomyces AJ781362 99.21
surface, flat, about 3 mm diameter

T8 Smooth margin, sub-transparent, faint  Short _ Halomonas X92417 97.06
yellow, about 2 mm diameter rhabditiform

T9 Irregular margin, non-transparent,  Mycelioid _ Streptomyces AJ781362 99.57

yellow, about 2 mm diameter

T12 Smooth  margin, non-transparent,  Rhabditiform Marinobacterium EUS573965 97.58
oyster white, slightly convex, about
2 mm diameter

T14  Regular smooth margin,  Rhabditiform Zhihengliuella DQ372937 99.86
non-transparent, oyster white, about
2 mm diameter

T15-1 Smooth margin, non-transparent, pink,  Rhabditiform S Bacillus AF483625 98.57
about 1 mm diameter
T16 Smooth margin, slightly convex, Rhabditiform _ Marinobacterium EU573965 98.68

non-transparent, oyster white, about
2 mm diameter

T17 Regular margin, sub-transparent, light =~ Rhabditiform A+ Bacillus AF541966 99.19
yellow, about 2 mm diameter

T18 Smooth margin, sub-transparent, faint ~ Rhabditiform +F Bacillus AF483625 98.84
pink, about 3 mm diameter

T19 Smooth margin, non-transparent, pink, ~ Rhabditiform + Bacillus AF483625 98.98
about 2 mm diameter

T19-1 Smooth margin, sub-transparent, pink,  Rhabditiform ot Bacillus AF483625 99.01
about 1 mm diameter

T20 Regular margin, slightly convex, Globular _ Paracoccus EU660389 96.88

non-transparent, faint pint, about
1 mm diameter

T21 Smooth margin, convex, Rhabditiform Marinobacterium EUS573965 97.85
sub-stransparent, oyster white, about
1 mm diameter

Gl Regular margin, non-transparent,  Rhabditiform _ Pseudomonas FJ168539 90.70
white, tip size

G4 Regular  margin, non-transparent,  Rhabditiform _ Zhihengliuella DQ372937 99.58
white, about 1.5 mm diameter

G5 Smooth margin, slightly convex, faint ~ Globular ot Planococlus AJ493659 99.52
orange, about 2 mm diameter

G6 Smooth margin, non-transparent, pink,  Rhabditiform i Kushneria AF251143 98.01
about 1 mm diameter

G6-1 Smooth margin, non-transparent,  Rhabditiform + Kushneria AF251143 98.33

white, about 0.5 mm diameter

(55%)
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G7 Smooth margin, sub-transparent, faint ~ Rhabditiform
yellow, about 1 mm diameter

G8 Smooth margin, non-transparent, faint ~ Globular
yellow, about 2 mm diameter

G9 Smooth  margin, non-transparent,  Short
oyster white, about 2 mm diameter rhabditiform

G10 Smooth margin, sub-transparent, faint ~ Globular
yellow, about 2 mm diameter

G11-1 Irregular margin, flat surface, slightly =~ Rhabditiform
dry, non-transparent, oyster white,
about 2 mm diameter

G12 Smooth margin, sub-transparent, faint ~ Rhabditiform
yellow, slightly convex, about 1.5 mm
diameter

Gl13 Smooth  margin, sub-transparent,  Rhabditiform
white, tip size

S1 Smooth margin, convex, Globular
sub-transparent, red, about 1 mm
diameter

(EER)

_ Salinicola EU056581 99.79
_ Microbulbifer FR822983 97.98
. Arthrobacter AJ609630 99.10
. Paracoccus DQ923133 99.80
_ Zhihengliuella DQ372937 99.45
. Zhihengliuella DQ372937 99.52
_ Pseudomonas AB176954 99.22

Serratia DZ0503SBS1(T) 99.37

G MRARSIHKEN; S: MAMFEDFEM; T WA

Note: G: Root homogenate sample; S: Root attachments sample; T: Rhizosphere soil sample.

222 PEHERRARANEMABFEFEEMSHM
2H7: Chao 84U ACE F8%5# 2 Ak T AR
Fids OTU ZUH 485K, SRl gL
(R PR, (A E R LA PR . B
R E MR LR 2. 3 RER AR R
HYIREA Y ACE F550H1 Chao $8 5= , 7331k 424
F1 430, MR R STHAE AR 22 18R 1) ACE $5%K
1 Chao FE%U0510 156, 160 #1379, 384, Shannon
e B5OR 3 5 AR T8 HIOH R A B S U ) A
F5 %k, o Shannon {EBE K, BEHTRETE Z RS .
T -E 2 BREEEOA A . R AR L 3EFESL ) Shannon
FERUT RN 4.66, MR STHFE T HIR 2 25 PIFE
f) Shannon FEX00 514 2.19 1 4.39, V-3 AR50
AN AR R AR, UERHILREE SR . AR
RINEYIFERIRZ, HRRSIHAE R R Z e
ANo DA ZERERI, B AR FR I IR AR R
TR S T B A R R S AR B T
HAR RN A B AR

2.2.3 BRHERRRNEAREERIEWFNENK:
FIE 3 ANRE A o5 S A A R R 8 AT T

4A), A5 46 T ] (Actinobacteria) . LT B 1]
(Bacteroidetes) . £k %5 B [ ] (Chloroflexi) . ¥ B I
(Cyanobacteria) . JERETR | ] (Firmicutes) . ¥ %% # | ]
(Planctomycetes) . ZEJE [ | ] (Proteobacteria) FIJE L £
I"J(Verrucomicrobia), 8 I~ 127E 3 AMEE S R4 4
i, AH 3RS SANTI2EET 5 LB 5. B
Kl 4A ATDE W, AR TSR AN E Y H A
HETE A AR T AL, T =3 SRR NA RS Th R4
VR ZE 0 . AR RN AE MR a4l e 257
&5 A, H SOUR R EE T AAEIE R, 4
5 RN TR 42.07%F1 32.72%. ZETE AT TR
FETRTTTEAR 2 B R it b VRS 2R 3 it v il
di bl i, TEMR R E YRS TP ARIRETT S
29.89%, FUFFET 115 16.33%, 1EMR &R LR i s
FERET THHUFT 17051 5 20.49%H01 37.47%
MBS FTER I 3 MR A AR A R 14 4
J& . hE 4B "L, fEJRAKOE b, R RSB
1) 2 BT 755 2 1 LU AR 2R B8 A ot FIAR & A
i A7 B, TR ZR G M0ARE ol S5 AR R T A it ) 2 R
RIS LA AR 3 BIRE i rh A R AR S e
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99— T2 (KX389559) _
Halomonas cerina SP4T (EF613112)
Halomonas koreensis SS20T (AY382579)
Halomonas ventosae Al12T (AY268080)
T8 (KX389562)

Halomonas desiderata FB2T (X92417)
Salinicola salarius M27T (AM229316)

G7 (KX389578)
100" Salinicola zeshunii N4T (EU056581)
100; G6 (KX389576)

G6-1 (KX389577)

90 100|— Kushneria avicenniae MW2aT (DQ888315)
Kushneria marisflavi SW32T (AF251143)

03— Kushneria indalinina CG2.1T 5AJ427627)
65 erratia nematodiphila DZ53SS1T (AJ233427)

100 Serratia marcescens subsp. sakuensis KREDT (AB061685) Group 1
| ST (KX389585)
——— Marinobacterium rhizophilum CL-YJ9T (EF192391)

100 T12 (KX389564)
100 T21 (KX389573)
99 | - Marinobacterium nitratireducens CN44T (EU573965)
97"- T16 (KX389567)
73 — Microbulbifer donghaiensis CN85T (EU365694)
100 LL_ G8 (KX389579)
88 — Microbulbifer taiwanensis CC-LN1-12T (FR822983)
100 - Pseudomonas chlororaphis subsp. piscium JF3835T (FJ168539)
64 Pseudomonas thivervalensis CFBP 112617 (AF100323)
99 Pseudomonas xanthomarina KMM 14477 (AB176954)
100 G13 (KX389584)
gp— Pseudomonas kunmingensis HL22-2T (JQ246444)
G1 (DQ297940.1)

87

100

86~ G10 (KX389581)
91 Paracoccus saliphilus YIM 90738T (DQ923133)
Paracoccus aestuarii BTT (EF660757) Group 2
100 Paracoccus kondratievae GBT (AF250332)
08 T20 (KX389572)
Paracoccus chinensis KS-11T (EU660389) —

76, T15-1 (KX389566)

T19 (KX389570)

T19-1 (KX389571)

T18 (KX389569)

90 Bacillus aquimaris TF—IZTT(AF483625)
Bacillus vietnamensis 15-1T (AB099708) Group 3

Planococcus citreus NCIMB 1493T (X62172)

1001 G5 (KX389575)

7 ' Planococcus rifietoensis M8T (AJ493659)

9
T17 (KX389568)
WL* Bacillus hemicentroti JSM 076093T (HM460885)
87" Bacillus hwajinpoensis SW-72T (AF541966) —
87, T6 (KX389561) 9
591 T9 (KX389563)
761l Streptomyces gulbargensis DAS131T (DQ317411)
29 Streptomyces tanashiensis LMG 202747 (AJ781362)
Streptomyces roseolus NBRC 128167 (AB184168)
T3 (KX389560)
Streptomyces badius NRRL B-2567T (AY999783)
1001 Streptomyces setonii NBRC 13085T (AB184300)
100 100, Arthrobacter bergerei CIP 1080361 (AJ609630) Group 4
99 ["1 Arthrobacter ardleyensis An25T (AT551163)
G9 (KX389580)
Zhihengliuella salsuginis NBRC 109062T (AB778264)
100 G4 (KX389574)
100| | Zhihengliuella halotolerans YIM 70185T (DQ372937)
100] G11-1 (KX389582)
G12 (KX389583)
T14 (KX389565)

0.02
Bl1 4 BE&E 16S rRNA EEM ARG L EH
Figure 1 Phylogenetic tree of 16S rRNA gene sequneces
TE: 55 ANEBRAY 16S tRNA JERFFHITE GenBank HRYFFSIE RS 5 ZIE 0.02 FRIZK T RSELIE RS 0 S MUt KT
50%FH 17 R
Note: GenBank accession numbers are shown in parentheses; The scale bar indicates 0.02 substitutions per nucleotide position; Bootstrap
values higher than 50% are shown at branching points.
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Figure 2 Rarefaction curve

/33 G: *Ex%giﬁﬁﬁl ;S *E%W%%ﬁu% ; T *E%i%
FE

Note: G: Root homogenate sample; S: Root attachments sample; T:
Rhizosphere soil sample.

A, RRSIEFEG PSS 11 g, Hp
T 8 R 7L KR & (Lactococcus), 1 Lol HR 5>

18.71%, YALHE & NIAERE & (Enterococcus),
Fetilhy 2.93% . MR ARMEEDREM P4 14 s, H
L B IR JE (Halomonas) i K HLH, M 8.13%;

AT & (Marinobacter)IR 2., i 6.54%. ¥ T H
8 13 4&, H Gillisia (7 9.29%, i Ll
AT B (Marinobacter) IR L& , Fr i Ee A
4.01%. Lh ES5RERN], ER R R &R

Y AT R B R AL AL,
PRI o HE BT BT ANTR] 5 i S s AR 2 A 2 B
S e R A R A v ST — A O TR B, AR )
FhEFEPERAI
3 it

T MR Z R BB T 5 ik SRR R Wil
— e B A AR A AT TR A TR AR, R X
AT RE ARG I, LG Bk AR
Z0F . WHE R, HRIRPERR, JGkMERR
BEtAE SR G B AIRGL . R R
AESCIR AT IRAY, TR B 150 =LA
Oy TLEW O BRI AR R R o il LA A TR AL
(14 55 AR i A B e 3l 2 0 B AR S e i R
PORE dh B TR AL AR AL T T REVE , iR v AR 2
1 BFTRE T 22 S AN R AL T KA 3L
R R E R E A TR 5 — N R R A
B R UG i o T T ) AT B 5T BB
Jiiig, HATH ATt A
UV R E R S 2 R B ST . AR
ATF 5 308 2 PP o AN [R] 73k o sl 32 ) A 20 o
VR ZREPEIAT T, AT T ik B iR 2N
M 28 B, Hodr, AR AR IR R 15 bk,
AR AR SR B R RO IR AR AT, 15 2
12 Bk, SR BGE AR AR B 00 B R 0 RS AR AR
TR EE, (1 HRANTHE, FIHAHRAR
HIWGRAR R RAKR, (R 1N
AT E AR 2R P35 53 8 S 9 DL IR AN T

T2 HSET. G. SHEEEIER

Table 2 Community indices of T, G, S samples

e 751 ST ACE #8#1 Chao #8% Shannon F5%L T ARIREL R
Sample Reads OTUs ACE index Chao index Shannon index Simpson index Coverage (%)
G 11 123 139 156 160 2.19 0.249 5 99.8
S 17 090 402 424 430 4.39 0.0318 99.7
T 10 307 369 379 384 4.66 0.022 6 99.6

TE: G: MRARSIHFER; S: MAMEY R T RA TR,

Note: G: Root homogenate sample; S: Root attachments sample; T: Rhizosphere soil sample.
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Figure 3 The Venn diagram of OTU distribution

e G: MRS S WAMBEWIEMS; T: WAL
Fedh.

Note: G: Root homogenate sample; S: Root attachments sample; T:
Rhizosphere soil sample.
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Figure 4 Bacterial relative abundance of different samples
in phylum (A) and genus (B) level

TE: G: MARLPEENM; S MAMEYEM; T R TIHM.
Note: G: Root homogenate sample; S: Root attachments sample; T:
Rhizosphere soil sample.

o T B SRR ER e Sy S 1 SRS N
T Ve 2 A TR BA T Eh M o AR PRI AR A A 2
HEARHRE, 454 16S tRNA JHEPR 31 %43 B Fialifl,
M RRIEATEEE , 7 lJE TR | I E
ZEHIFT IR . RIBKTEE . MR | sk s

WHRIRHEE . XEEEES . g s aifesiscor
AR AR B AR 2 B AR SO e
PR RA PR, AU TR 8 7R A g &
PR, A R AT R 5 AR SR 9 S el AR B T
AIBRAPE BT LA B oy B G R e 5 HOR TR G A
Ay B A5 B B X A 1 B (Zhihenglivella) 276 315
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J&(Pseudomonas) , F1 H A\ K [RIHRAS Y 35 TR @
(Gordonia) . Fota ¥ 1# & (Acromobacter) . H K TH &
(Dietzia) . # # #T 18 J& (Bacillus) F1 & . 1 5 &
(Pseudomonas) 55 ¥R 2 Xt PR35 41 11175 YL 1) O Bt it
WG, AW TR A BRE i 5 R0 O r
SEHBIAN R, RER o Al B SR A AN AR R, Hor
W B AT B ZE AT R AR s, (HR R EA
R RER T Bt — 9T . Mayak 250k, 5
KM SZ W e AR ) OC R BT, AlREC &
N T I BAT S EAEY 2 5 o ZL‘EJ??EU&LE&%
WAERREE R r 50y 12 PRIGE AT ERARE, E Xt
e E B E RAEHIEATRRABI ﬁ'ﬁ'ﬂEFT
fEAANE AL, NARZ 4 pH. HE . BE K&
Hofth 38 SRR AN R, A
WA B B R R 518 EAHE R ES R
HFRA EE N,

H T VRTERELR 1 RP AR N, Al REAAE R
KRB, AR E I B REFR R R, AR
T U v 38 PR R RS AT T R AR &R
K AR PREE AN RV 1 A SR, DI 4Tl
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[11 Yu C, Hu XM, Deng W, et al. Changes in soil microbial
community structure and functional diversity in the rhizosphere
surrounding mulberry subjected to long-term fertilization[J].
Applied Soil Ecology, 2015, 86: 30-40

[2] Kukla M, Plociniczak T, Piotrowska-Seget Z. Diversity of
endophytic bacteria in Lolium perenne and their potential to
degrade petroleum hydrocarbons and promote plant growth[J].
Chemosphere, 2014, 117: 40-46

[3] Zhang MM, Ao H, Zhang JY, et al. Effects of planting years on
functional diversity of carbon-metabolic microbial community
in rhizosphere soils of alfalfa[J]. Pratacultural Science, 2014,
31(5): 787-796 (in Chinese)
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