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The microbial community diversity of the rhizosphere and bulk soils of Lycium

ruthenicum in different habitats
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Abstract: The objective of this study was to investigate the microbial (bacterial and fungal) community structure and the
relationship between community structure and soil chemical properties in the rhizosphere soil of the halophyte Lycium
ruthenicum from different geographical locations ( habitats ), to provide a theoretical basis for further studies on the

relationship between rhizosphere microbiomes and the salt tolerance capacity of Lycium ruthenicum. The rhizosphere and
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bulk soils were collected from the Ebinur Lake wetland of Jinghe county ( EB), Wusu city (WS), and Wujiaqu city
(WQ). The bacterial 16S rDNA and fungal 18S rDNA were sequenced with Illumina MiSeq high—throughput sequencing,
and we analyzed their diversity and community structure. Results showed that the rhizosphere bacterial diversities were
higher than those of bulk soils (except for WQ) , whereas rhizosphere fungal diversities were lower than those of bulk soils.
The bacterial and fungal diversities in bulk soils of WQ were higher than those of EB and WS. The rhizosphere bacterial
diversity order was EB > WS > WQ, whereas the rhizosphere fungal diversity was WS > EB > WQ. The most abundant
bacterial phyla in rhizosphere soils were Proteobacteria, Bacteroides, Actinomycetes, and Acidobacteria. Ascomycetes and
Basidiomycota were the most abundant phyla in the rhizosphere fungal communities. The relative abundances of
Proteobacteria, Bacteroidetes, and Acidobacteria in rhizosphere soils were higher than those in bulk soils, whereas that of
Firmicutes was the opposite. The differences in relative abundances of dominant fungal phyla between rhizosphere and bulk
soils varied among regions. The most abundant rhizosphere bacterial genera were Haliea, Pelagibius, Microbulbifer,
Thioprofundum , and Deferrisoma, and genera Melanoleuca, Cochlonema, and Pleospora dominated the rhizosphere fungal
communities. The composition and relative abundances of the most—abundant groups ( phyla and genera) differed among
regions. The relative abundance of Firmicutes in EB was much higher than those in WS and WQ. Most of the halophilic
bacteria, such as Halomonas, Geminicoccu, Pelagibius, Gracilimonas, Salinimicrobium, and Planococcus, had much higher
abundances in saline —alkali habitat (EB) than in non—saline—alkali habitat ( WQ and WS). Microascus was the most
abundant genus in the rhizosphere fungal community of EB, while genus Melanoleuca dominated in the rhizosphere fungal
communities of WQ and WS. Additionally, the abundances of Geopora, Xenobotrytis, Brachyconidiellopsis, and Pleospora in
the rhizosphere soil of EB were much higher than those of WQ and WS. The rhizosphere microbial communities were
distinctly separated from the non-rhizosphere communities. The rhizosphere soil microbial communities in all three regions
had high similarity to one another, and the same was true for non-rhizosphere communities. The similarity of the microbial
communities of non-saline-alkali habitats (WS and WQ) was higher than that of non-saline-alkali and saline-alkali habitats
(EB), indicating that soil electrical conductivity had important influences on microbial community composition and

abundance.

Key Words: Lycium ruthenicum; high-throughput sequencing; rhizosphere microbiome; diversity; community structure
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1 #MR57FE®
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TIEREE T 2016 4 5 11—13 H ARG ELSC LG 28 20 A SRR DX S 00T oK R T, AR R O3
A R B 55 e N TR, a3 TR A SRR RC R R A R DA T A R A, 4 R
3 —4NHE BN EEZ IR AL 20—50 m, FFHRRRIZH BELREHE LG LR B TS
WAL S R EHN L EEL 1 mm) 2 50 mL B OE T, REH B R 30—40 .0—30 cm R
TR R T ICRAR T MO AR PR L EHERASEE LRIV AR R (VK ) A I SE s ) A
A TP INAGE & (30 mL 247 ) TG PBS % (137 mmol/L NaCl, 2.7 mmol/L KCI, 8.5 mmol/LNa,
HPO,, 1.5 mmol/L KH,PO,, pH 7.3), {iti®iZ% 10 min, FFEAR FR | BT RONAR PR H 3R, BE T 4°C,
Fr TR E YIS N DNA R
12 ik
1.2.1 - HERAE S

T3 pH R AT pH HINSE 3 3T HLBK (TOC ) SR HH HE B TR B 7 o 32 R AT 5 5 42 20 (TON ) SR I B 4% 1R
B -BRRRIH AL TINE 5 Wi R (EC) SR R A2 , T EC 5 L3S Eh 8 HA IEMSCER  H L
EC R &L,
1.2.2 HIEGUEYIFENZ DNA F9HRIL

FEHA DNA #2505 1525 Edwards 0 W1 mL ARBR H 50T % 2 mL T &0 T, F 4°C (10000 ¢
B0 30 s, 3% 13 TR UOTE T AR B 48 AE Wy R 24 DNA S350 X AEAR PR 4 HHE 2 RLER K 29 0.2 ¢ +
BEGEE) A 2 mL JCEEOE T HTAREUGER 4 DNA, FI/H OMEGA %74 E.Z.N.ATM Mag-Bind Soil
DNA Kit 77 & (OMEGA ) $2HE 41 DNA, I 1% B N5 e e A0 DNA B9 K B8 Fn 52 444 | FlH NanoDrop
0 DNA F R EEANAERE
1.2.3  DNA "4 &l

RIPIFEIE XA 16S rDNA V3—V4 XHEATY 8, SH— 59 W AHEES T barcode J751 i8I 5 | 9 3
17, L WiF 51 ¥ 341F: ccctacacgacgetettcegatctg  ( barcode ) cctacgggnggewgeag, F UiF 51 ¥ 805R:
gactggagttccttggcaeccgagaattccagactachvgggtatctaatcc;EE;EIP 18S rDNA § 1% s P A FHEE%T barcode J¥ %)
BoiE 51 % #E 17, b T UE 51 W% ¥ 511 NSI: cctacacgacgetetteegatetn  ( barcode ) gtagteatatgettgtete, Fung:
gactggagticctiggeaccegagaattccaatteccegttaceegtt g, MW AKZ 30 pL, 175 15 pL 2xTaq master Mix( Thermo) , 5[4
(10 wmol/L) 4% 1 pL, #iHt DNA 20 ng, #"H451F:94°C 3 min,94°C 30 s,45°C 20 s,65°C 30 s, ¥ 14 5 NMEH;
94°C 20 s,55°C 20 s,72°C 30 s, 4 4% 20 fFFR,72°C ZEMH 5 min, 25 484 144 Tlumina B73X PCR 3514,
LIS —48 19 PCR =N B . SRR Lo 734 :95°C 30 5,95°C 155,55°C 155,72°C 30 s, 9731 5 4>
iG#R, 72°CHEAf 5 min, PCR W2 miskik mWofE &, HaAEE RN PCR YERIRG  BHRAH
st A 2 AL Y A B A MR F 6 I iR-A AR A AR T (I A TR IR AL FIAT Hlumina-MiSeq - 5
HEAT i A
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JEKFH OTU BT HNHEAT 43220007 AR BB OTU MR R 3 2505 B RS T 40 B B B KF
FEIFS AR REE AR, ST ORI, SR R AOE R R EE AR L 16S F1 18S ¥
1) 2 # BURE (resampling ) G5 — 1 IR BE (16S 2l 60000 2%, 18S A 27000 4%) )i , i alpha ZFEVEFEH( Chaol |
Shannon , Simpson $§ 44 LA} 7 35 ) . UL OTUs 3= & B X 7 51 BOPE B, 38 47 F B 43 A O il AV i 8 il £k &
( Rarefaction curve) , MRHEFEAR OTUs 42 [0] ) weighted unifrac B 25506 43847 32 A8 450 HT ( PCoA ) ST s A
WRE v Z A1 AR BLPE 5 O ¢ A0 LU B AR B PN AR AR B | 40 T L DR R 7 22 R 1 22 S M s R CCA J3 A i
WA R E S L 71 C &R . OTU X473 alpha Z2HEMEFE B0 T3 LU S B0 At F Mothur %X
P58 RN BEXT ¢ A58 MAE IR FH Graphpad 6 5E R ; PCoA F1 CCA MR R B9 vegan B AFAIIEAT

2 HRE5HM

2.1 IERE

HRBR A HLIK (TOC) B (TON) & i i TAERBR £, f 3R (EC) il pH IR FAER PR 1= ; JEAR B £ 4%
) TOC [ TON &l pH 7£ 3 NHLIX [A] JC B & 22 5% (P>0.05) , EC B & & T2 X (WS) Al T 5 I Hb X
(WQ) (P<0.01) (F 1), WAL LMK (EB) 18 0Ehmifb 498, &b i i 2 5 TR ERBTL i WQ FiT WS
X,

F1 RETESIFRETENGELER
Table 1 Chemical properties of rhizosphere and bulk soils

A HLi% TOC M TON FL 5% EC

%5 Sample WA (HE) B =il Total organic Total - Electrical Rzﬁ_é{f "
1D Region (abbrev.) Soil type carbon/ nitrogen/ P conductivity ) am[l; ¢
(&/ke) (@/kg) /(mS/em) e

EB_R” W LWEHL (EB) Jicdin 12.71 0.849 8.23 5.66 4
WS_R* EIR(WS) B 10.17 0.628 8.1 1.33 3
WQ_R* HEE(WQ) Litl7 14.12 1.491 8.42 0.54 4
EB_B SR (EB) JEAR PR 6.46+1.05a 0.216+0.16a 8.78+0.26a 7.13+1.06a 4
WS_B BIR(WS) LR B 5.72+0.83a 0.172+0.04a 8.57+0.15a 2.21+0.09b 3
WQ_B HEE(WQ) AR PR 7.66+1.23a 0.146+0.04a 8.73+0.26a 1.03+0.18¢ 4

ANl /INE FREFRZRAN Il DX W) 22 5 B 54 (P<0.01) 5 o A F A AMAHOAR B AR BT R AR, JE0k 1 MoK, PR BT 44> X 4 B
A EZARIRER LR AR , SRS EOUE 1B, B iR 22 , IR SRR 8 =2 18] A At i i) 22 5 b 3

2.2 WAEYZ R KR IE A5
2.2.1 DAk A B2

T HERE T S R BRI L2 W TR (R 1) | R0 36 B 0.91—0.99 2] (3£ 2) , 156 BH I 5 K4
A, FEARE FL S N R Y BB LAY
222 UEYIREE Z RN

BOXT ¢ 4G50 22 B MR PR A B RV 1 Z AR N 8 B R THRR PR L3 (P>0.05) , SRTH WQ FEHRPRAN B
B AR E 5 R TARPR 4 (35 2) s iR PR LA 2 FE AR T AR AR PR 148 ( P<0.05) (&1 2) , 1fij 3 & & G Il 3% 22
S (F2), EBEEDFEEBE MM EUD 2 S TR (P<0.05, [B12), AS[FHLIK A, 240 5 IR #E S Y
ZREAEFE AT 225, WQ AEMIPR - 840 i AN EL I 2 FE 4 S T EB I WS ARBR A i Z £ HET 4 EB>
WS>WQ MR FR B ZFEMHET I WSSEB>WQ( 3£ 2)
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Fig.1 Rarefaction curves of soil microbial communities based on OTU richness
EB_R : 3 Lt 1] 4l [X 28 SRARAT MR B3 -3 | Rhizosphere soils of Lycium ruthenicum in Ebinur Lake wetland ; EB_B : 3 Ho W13 X AEAR B 14, Bulk soils
in Ebinur Lake wetland ; WS_R ; £ 55 i1 X S AT AR B L4 | Rhizosphere soils of Lycium ruthenicum in Wusu; WS_B: 3 151 1 X AE 4R B £ 3¢ |
Bulk soils in Wusu; WQ_R ; T 5 4% X SR MIAC M PR 13 , Rhizosphere soils of Lycium ruthenicum in Wujiaqu; WQ_B ; T 5 4% 1 X AL AR R 1 58 |
Bulk soils in Wujiaqu

R2 TEERNFHIESITR alpha S

Table 2 Sequence statistics and alpha diversity of soil samples

LY e TR OTU % H Chao 1 #65%L TARAEEL Lk
Microbial group Sample 1D OTU number Chaol index Shannon index Coverage
YA Bacteria EB_B 4633 13923 5.23 0.95
WS_B 4390 13104 5.19 0.95
WQ_B 6518 23847 6.17 0.91
EB_R 5462 20752 6.25 0.94
WS_R 4580 19619 5.80 0.96
WQ_R 4351 18297 5.38 0.95
F T Fungi EB_B 309 1531 3.71 0.99
WS_B 319 1959 3.98 0.99
WQ_B 478 1441 4.41 0.99
EB_R 390 1452 2.85 0.99
WS_R 433 1581 3.48 0.99
WQ_R 380 1814 2.45 0.99

223 HIEMEYIREE AN

FEAR B 20 B A 7 P, D0 S 2R AR O ZZ JE BT ( Proteobacteria ) (42, 34%—45. 58% ) | J& BE T[]
( Firmicutes) (23.12%—33.06% ) . JiLZ&#1] ( Actinobacteria) (9.67%—17.15%) FR AT F& ] ( Acidobacteria ) (2.
41%—5.95%) ; MRPR IR FES T PSSR UL AL R 7] (55.9%—65.13% ) FUFT A ] ( Bacteroidetes )
(12.04%—15.37%) AL 1(6.38%—8.64% ) FRATIH1(6.22%—7.89%) (K 3) , HIFFFE T, FHRE]
( Ascomycota) fHF &[] ( Basidiomycota ) 7= B fr 5y, o T B 1 TEJEMR PR £ P B9 F B R 50.86%—67.37%,
WRPR AP E N 17.92%—75.12% 45 T 1 IHEARIR PR - i 42808 21.27%—24.98% , RPr i H
3.89%—60.48% (I 3)

JE K L UINT B & ( Exiguobacterium) KPR FT 1 & ( Citrobacter) NS & (Acinetobacter) AR
W )& ( Pseudomonas) S AT & ( Bacillus ) & AFARPRANE HEIE AR (FBE>1%) (K 4)  HUMTEE £ 5
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Fig.2 Comparison of the diversity and richness of bacterial and fungal communities in rhizosphere and bulk soils

ZF B EM ns: P>0.05; * ;P<0.05; *** . P<0.01; *** * ,P<0.001

i (19.8%—28.86%) . I %5 & (Aspergillus) . Penidiella . Craterocolla . Phaeosphaeria . 75 % J& ( Penicillium ) .
Meyerozyma Z45A I HE & ( Schizosaccharomyces ) \ B3k 5 J& (Absidia) . Hygrocybe . & 5¢ 1 J& ( Chaetomium ) J2&:HAEAR
PrECE BRI RIE (FEE>1%) (K 4) . Haliea ,Gpl0  Pelagibius . Microbulbifer A5 -} & J& | Thioprofundum |
Deferrisoma & 3 /b X BE S M) AT AR b 3 40 BEVE O E AR (K 4) , HiH Haliea 193 505 (3.86%—11.
93%) , ZAFH & ( Pleospora) SZ & (Acremonium) Corollospora , Cochlonema F2&= 3 /110 X A3 s 1 1 1Y L 1
HIE (K 4),
2.3 TEERUEYIRETE 25 oA
2.3.1 MR GARMRER TR YR 0 25 1

AR S BT (ANOSIM ) & B AR B 443 5 4R AR B - 398 G2 Wy R s 2 A AT AR R B9 22 5% (47E R=1,P=0.1;
HEH R=0.667,P=0.1) , 2T OTU WGCEMIE K EABRHT (PCoA) R, ARMR PR Z 18] HAT B (9 FH )
PE AR PRAEVE Z 8] HA B m AR SRR PRAEAS S AR BRAEAS AR S — il - RERA Wi X3 T (181 5) .

MRPRANG AT BT AT B T) RRAT T T A AE D = B e T AR AR Pr L 8 7 JREBE B 1] RO T 1) A AR X
JEE M REAR, o O R RE P T 11 3 3 B 3 R IR ( P<0.05) (81 3) o Gamma AEJE TR 1 3 BEAEAR B £ FIAEAR bR £ v
To ki 2% 5, 0 alpha ZSIE BEAEAR PR L b 9 42 8 B 38 THERBR 1 (P<0.05) (% 3) . EREALHTFELEMRR
A FARAR B Y 22 S PR DT 5 58 B 1T AR WQ A WS ARBR b i 2 5 AR T AR AR B 4, $H 7 1 T 1 A
WQ F1 WS #Br b i FEE T AR ATE EB WA, J@ /K- b AR BRanei iy P34 Jm £ i 2 TAEAR PR 8 dE
PR LT, AU T R Fr BRI B A S i i 7EAR B 33 b i F B2 35 BRI, Wil = Y s , 4
Haliea . Pelagibius . Microbulbifer . Thioprofundum . Deferrisoma TEHR PR 4 3 i & S WAL VR , 1LAb, Gp10  £h 5
)& ( Halomonas ) 55 JREAR PR 1 HERY F HE W B35 THes (1 6) o B MR PR E A R EVE B9 O0 3 Jm B I T AR B
T AR B HIER SR it e B R IR R LT 8 | Penidiella , Phaeosphaeria S5 7E AL
Prb b A 42 B B R AR R A % M — 26 R Ay , w5 | . 247 1% J& . Cochlonema , Corollospora
TERR PR 3w R IR (18 6) .
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Fig.3 Microbial community composition at phylum rank in rhizosphere and bulk soils of Lycium ruthenicum

x3 TEBATHFENNEE %

Table 3 Relative abundance of each class in the phylum Proteobacteria

44 Class EB_B WQ_B WS_B EB_R WQ_R WS_R
alpha ZEJE 14 Alphaproteobacteria 2.86 10.1 4.37 15.62 24.97 22.25
Beta /T Betaproteobacteria 0.27 1.88 0.38 0.1 1.33 0.4
Gamma ZEJE B Gammaproteobacteria 35.93 28.5 40.19 30.8 35.37 38.48
Delta ZEJZ & Deltaproteobacteria 5.03 1.75 2.57 8.3 3.07 3.68
Epsilon Z8JZ 1 Epsilonproteobacteria 0 0 0.01 0 0 0

2.3.2  ERAUEET SRS A R R A A A 22 5

PCoA FMA TSR RIS AR PR 358 A Eh b A48 WS FI WQ S P B v% 18] A & T 5 401k - 5% EB
Z IR AL (BT 5) o TIKSF B A0 delta 22T BB FRE T 17E EB AEARER L i -5 B T WS Al
WQ(#3) ., MPRHIEANH alpha 2T L L EHAE EB IR T WQ 1 WS, 417 delta 25T 1 SUAT
T JRRER ], DL A R RS R T TR T FE EB BT B M T WQ A WS, SR & T r AR XS 3= BE 7R
WQ 1 WS Z [ TCH B2 5

J&KE b ARSI P R R 8  Haliea 3h 5N E  Geminicoccus Salinimicrobium s ER F & |
Albidovulum &)@ , UL S AR MR bR+ 340 Y Deferrisoma . Gp10 . Gillisia .Salinimicrobium . Salisaeta ,:5 5.l 7 J& 7£
3MLIX Z A EA 225, Jioh, 3k A58 (EB )t B A 18 g £ 20 TR 1 = B2 ] 1 i AR ER AL AR 5 (WQ L WS)
ndh P B L sh M BRE & ( Planococeus )  Geminicoceu | Pelagibius | Gracilimonas | Salinimicrobium | Rubrivirga |
Methylohalomonas  Thiohalobacter %5 (€l 6) , X T H.IA, EB LM Fr 135 b Z2 46+ 1 & 19 = BEARAIR, i 78 WQ FI
WS WL JE , HAE WQ A1 WS 1 BEFEAARR] ; i 5 228 | 258  Meyerozyma S5 )@ WIAH I, MRFR 3, /N
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Table 4 Correlations between bacterial and fungal community diversity and soil chemical factors
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Correlation coefficient pH 5K EC HA TON Bacterial shannon Fungal shannon
and significance index index

A HLBK TOC -0.47 -0.13 0.93*** 0.67 -0.88*

pH — 0.22 -0.55 -0.73" 0.59
L33 EC — -0.27 -0.21 -0.06
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Fig.7 Canonical correspondence analysis (CCA) between microbial community composition and soil chemical properties
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