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Structural and functional diversity of rhizosphere microbial community of nine

plant species in the Daqing Saline-alkali soil region
DU Yingxin, XIE Baoming, CAI Hongsheng, TANG Lu, GUO Changhong*

Laboratory of Molecular Cytogenetics and Genetic Breeding of Heilongjiang Province, College of Life Science and Technology, Harbin Normal University ,
Heilongjiang 150025, China

Abstract; Saline-alkali soils are particularly ecologically fragile. They generally form following desertification, which
destroys natural resources and causes heavy losses to agriculture production. Daqging, a city in the northern province of
Heilongjiang, is renowned for its vast oil reserves. Exploitation of these reserves has led to soil contamination by petroleum—
derived products, and this is becoming serious ecological problem in this city. Saline-alkali soil is another factor that
contributes to rendering most of its agricultural land unusable. In recent years, bioremediation, especially microbial
remediation, has been a global focus of research. It is more effective, safer, and more environmentally friendly than other
remediation strategies, such as chemical or physical methods. The rhizosphere—the layer of soil influenced by plant roots—
is much richer in microbial diversity than the surrounding bulk soil. Exploring the diversity of plant rhizosphere microbial
communities in Saline-alkali soils can therefore provide a scientific basis for vegetation restoration and ecological
reconstruction in this region. This study focused on plant rhizosphere microbial communities in Saline-alkali soils in the
Daqing region. Using Biolog EcoPlate methods, denaturing gradient gel electrophoresis (DGGE) analysis, and subsequent
DNA sequencing, we investigated the structural and functional diversity of rhizosphere microbial communities associated

with nine plant species in Daqing Saline-alkali soils. The structure of the rhizosphere microbial community associated with
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each plant species was analyzed by DGGE. Plants in the same family tended to have similar rhizosphere microbial
community compositions. Rhizosphere bacteria were dominated by Proteobacteria andAcidobacteria,based on the analysis of
16S rRNA. Pairwise rhizosphere population genetic distances between plant species were calculated using Quantity One
software ( Bio-Rad Laboratories). In combination with clustering analysis based on the unweighted pair group method with
arithmetic mean, it was confirmed that rhizosphere microbial communities reflect relationships among the plant species
tested. Biolog EcoPlate was used to investigate the functional diversity of rhizosphere microbial communities. This method is
more sensitive to changes in the environment than the other methods such as phospholipid fatty—acid analysis. Changes in
functional diversity patterns can be statistically analyzed via principle component analysis of average well color development
data. The capacity of rhizobacteria to metabolize carbon sources was higher in communities associated with wild soybean than
in other plant species tested. The data also suggest that rhizobacteria from different plant species have distinct carbon
metabolism characteristics. While there are limitations in the methods used in this study, they nevertheless provided useful
information. Metagenomics—the study of genetic material recovered directly from environmental samples—is becoming
increasingly popular as a research tool. It provides a powerful lens for viewing the microbial world that has the potential to
revolutionize the understanding of the entire living world. The results of this study offer advanced insights in the field of

microbial ecology and provide a theoretical basis for future practical applications.
Key Words; Saline-alkali soil; rhizosphere; microbial community; PCR-DGGE; Biolog-ECO

+- AR B - R A FEIE S, MR A SR —FOG AL G TR E R L kR, TR EBLE
b AT BN 10000x 10* hm™ ' K P X ER Bl fb S T A 42.9955% 10" hm® , Herf K R ER Bl {17 #114.8687
x10* hm? e R AL T A 4.8113 % 10* hm® | ZE R ER Ak 1 B 8.769x 10* hm? , M) 1 £k 1T FH 4.6833 x 10°
hm? | 152 Rk A 9.8592%10% hm®?

AP RN ESEES AR ST, BT LB A BT RS R, A A 1 T R R AR
FEAE U T R A A R (R R 2R A A R R B —RE RS A AR A, E AR
LIRS R, DR YR STV E EXREENEM, BN ES M ER AT LI 280, BE A
[T B3R 28 55 1 8 LA S M0t A A5 R BE 1 38 VI 2, R 15 - W R RN SR A o oK 2578 19 H 25 F e |

TR 2 HRMUE YN AT RS ET, T A LTS SRR K 4y B AR TR, 5 A SR AR IS
O P9 - SRR A Rl St T 22 05 ), 7 TR — M X, R [R] AR AR B - A M R R R — AR Ehei
SR AR PR E P RE TR IR T sk A AR P B2 IR i F & FRIR , D ok R 3 3 BAT 4y E Y

AR SCNER K A= 35 HPAE P AR PR s A P R TE ISR AT, DA R DR R Bl b DX [R) A 400 AR B 398 A S 56 61 ), )
H PCR-DGGE #1 Biolog f°F-AR 1% 24T , P Eh s A [R) 4B W AR PRl A W B Vs 4 40 S D g 24, R R e 1 4
FRE A PR 52 25 B

1 HREE

TR UL T AR VAR KPR T SRA =T 25 1™ XS] il it Bl 46°41'—46°42'N, 124°59'—124°60
E. Zb)E TR R T R IR R R A oK R - A 4y, N, pH (A8 8.7—9.3, £ %
PEBFEY) A 3G &L ( Roegneria kamoji ) . F- ¥ ( Leymus chinensis ) | & & ¥ ( Chloris virgata) | ¥ 1€ ( Astragalus
membranaceus ) B K5 ( Glycine soja) [ H % ( Glycyrrhiza uralensis) 55 ( Helianthus tuberosus) . KA (Artemisia
sieversiana ) MK ( Kochia scoparia) 5 ,
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2 HEmERBEEWRTE

2.1 FESCRIE

T 2013 4F 8 A 1 H AT ERBaAE M AT - 8 RE R . R SRR M PN B AL IR B 3 M A ORISR
£ 0-20 em TIEAES FHERHCK A 0\ T I TP AR A2 R AR B 8 A SR BHE IR B 35T, FbRAS R 42 4%
VAR AT K SR A 5 XK & by M SE 38 %, FH T Biolog T Al 43 AT 8 - A JBORR o s+ 7. RV
F5L85, T DGGE A #r i H4E  i7E—20 CUKFRIR-LT .

22 fHE A
2.2.1 3% DNA fRHRE

BT AE Zhou BYFERE 1 AT T G, BUHERE A 0.25 ¢, B 50 mL BLLAE T, B AR 4N (pH {H 8.5, &
1% PVP) VS 3 W, PtHEYI ), 10000 rpm/min B0 5 min, B UTIER 1.5 mL 808 % W AET-20 C K44,
e, FET 500 Wl DNA $EHCZE 0P, AR B (50 mg/mL) & 1 mg/mL, BifEITR 21,37 C/KIE 1 h, A
HEABF K 2 100 pg/mL,65 CIKIE 1 hy B R ZHRL 3 U I A SRR & 05/ 5 5 i £2 |, 12000 rpm/min
B0 10 min, BUEIFHIA 0.5 A F PEG 8000, 12000 rpm/min &5.0> 10 min, —20 °C 1%, YLIE 70% £ Bk
% ,8000 rpm/min &5.0> 5 min, BT & T 100 wL pH {H 8.0 TE ZZ Pk, 155 114 DNA,

222 PCRY"

PCR ¥ & By 5 4 % A 40 &6 3@ 5 ¥ 51 1, J¥ % 2. B968FGC (5’ -CGCCCGCCGCGCGCG-
GCGGGCGGGGCGGGGGCACCGCGGGGGAACGCGAAGAACCTTAC-3'), B140IR ( 5'-GCGTGTGTACAAGACCC-
3')1° ) PCR B BAR ZJE: 50 ul, PCR SV 254 194 C TAEME 5 min;94 CZEYE 1 min,55 CiE K 1 min, 72
°CHEM 1 min, 30 MEI; F57E 72 CIEM 7 min, P 84550 2% R33N MEEE I HEAT A6
2.2.3 PCR “##y DGGE

1E Muyzer #9705 3745700467 . DGGE 2R BIO-RAD Dcode Universal Mutation Detection System HEFT , 4
Pk e M 5ok R 8% , AR MEFI A N 40%—60% , 100% F S P 7 & 45 7 mol/L JR 2 Fll 40% A4 2% &5 H B
LA 10 uL (9 PCR P##) 1 6 uL 1) 6 x Loadding buffer, INAESE M5 , HE8 HLIK HL IR, 75 70 V.60 °C 544 F
HLYK 13 h, HIKZSH G, DGGE BECHAE SYBR Green H1i27{L 30 min, ii7K 10 min J& , 55 | H Bio-Rad %t i
BUR R G AT I T
2.2.4 DGGE EiE5rHr

B B>k FH Bio—Rad 23 B BY#EEIE € 3K Quantity One 4.6.5, XFAEN 2547 08T, #R#lE DGGE [E3i&
25743045 FH UPGMA ( Unweighted pair group method Using arithmetic averages) #4178 IS504T
2.2.5 SIS | vE BE AN R

DI TR RN £ B S BTN F Y R Tk, P ORI PRk s B iR TR TR R A BRA
M . B0 e S 33 52 RDP ( Ribosomal Database Project) AR TR AR E,

2.2.6 Biolog-ECO -~ FHs3#r

FRELS ¢ 8 ARIHEA 45 mL KB NaCl S0 =M (MR 0.85% ), SRIG TEIE G R s 7R
30 min #55), HIEERK KA SR 107, 1] Biolog fHCEAR (25 F BIOLOG 24 H]) EAFLIIA 150 pL + 3 H B
W ARG TEEIRSFE T (28 C) B RFLARTE AR A 4% rh 635 37 | B5R% 24 h FBEHR (S ICZE 590 nm (1 65,+
PR ) AN 750 nm (R ) B RO EUE

PSS 25 %8 BF ( Average well color development, AWCD ) 35 #% M8 Garland 1 Mills 8 75 %17, B
AWCD(590 = 750 nm) = 3 (Cyp_15) /31, Hir1 31 24 Biolog fF-H bR IR B R4

KGR 96 h MBS Y RE T 1 Z REPERE B . Shannon F8EC H TP FRE, H=- ) (Pi
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x InPi) ,Jorp Pi g i SLEOARXT IR OG5 B P ARAR X O G E SRR LA s 9B E AL B9 H 5 Simpson
BACD SEFTIRAG 3 R BE IR R, D = 1 = X (Piox Pi) oo Pi S — LA AR OGRS 8 AP A

FHXF W GRS AN ) FE R Melntosh 880 U B TREE YA 2 k2

JCX i xni)) A g S ALY
227 BHESHT

B B 2 451 Excel #1 SPSS 19.0 %k 14 1
Duncan ;95 77 V53 78005 70 A AL BN 25 S Wk 2 PR S BT
(P<0.05 25 8%), FIEHEEEA MRS 5,
FIRTE 0.05 /KF- L2 F AR,

3 ER5H9H

3.1 PCR-DGGE %5580 #7
311 AR R AR PCR-DGGE 4347

XoF K DR Bl DX U AS 7] A 0 AR s - 498 240 1 22
PESEAT T DGGE 43#r (18 1) . 45 R%EW], DGGE 4% 4L
H GRE S EEAEEAF R 225, RIKER X L
FIAS R RE AR B 38R i 2 8] HAT A S 45t | BB At
T AR PR AR W 2 8] ] REAEAE — SE AT () 20 TR 2
SR Se N LI 2 AR 22 57, RIS FAE Y AR B

A AR 2R,
ME 1L FIE 1 ATLEH,1.2.4 8,10 11 Z2HF5ERE

ARICAT AN, o 3 AU AR R A
A, HABAEA 350778 3 5 OUH RERIE REAE A

<A B A Z R TE R, O — B, U =

M  Ht As Ks Rk Cv Gu Lc Gs Am
-|-qm-~r ?‘h»—ﬁ"

N w——— f—

i
| : |l
-

E 1 16S rDNA ¥ ;5 B i) DGGE Eli%
Fig. 1 DGGE profiles of the PCR products
M Marker, He : 85 | As . KKF 8, Ks: B IR, RE: ]S W5, Co: R
E,Gu;ﬁﬁ,h:éﬁg,Gs:ﬁj(ﬁ,/lm;ﬁ&

1t

AAFAE , HAREAR P77 ;6 AU FP A7 AR AR T 7775 7 A7 ORIk A7, O

A ERAEAE
#1 THEME PCR-DGGE HIKEL&HHT
Table 1 PCR-DGGE analysis of soil bacteria
s %% Band

Number Hi As Ks Rk Cv Gu Le Gs Am
1 + + + + + + + + +
2 + + + + + + + + +
3 - - + + + - + + -
4 + + + + + + + + +
5 + + + + + - - + +
6 + + - + + + + + +
7 - - - + + + + + +
8 + + + + + + + + +
9 + + + + + + + + +
10 + + + + + + + + +
11 + + + + + + + + +

Ht:%$,AS:j(*?jl%:,Ks:mi@%,Rk:ﬁng,Cﬂzﬁ%%‘,cu:ﬁﬁ,lﬂziﬁ,GS:EﬁE,Am:,ﬁf&
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3.1.2 DGGE RE5Hr 047_ 0.60 0.70 0.80 090 100
iz [ Bio-Rad 23 A Quantity One 43 M3 2 A

[RTH AR B 2 0 2 1 A 06 22 (1) 2) S50

BRI (4 2) . KRR R R f 0 —

HIEATRE M HT (UPGMA ) |, 25 R 11, 24 BU{E K F- 76 o

0,550 LI, 4534 FIORT 85, 8 S5 LA, 015 8 — o

FERBR B 0 B T 7. IR — B H i B

P W) T L —

3.1.3 DGGE 455434 ] Le
AP B RDP AU e 7 4 | G5 SR -

Ks

Ht

As

Gu

Am

Gs
1.2.4 N1 ( Acidobacteria) ,5.8.9.10 .11 H75 I . -
s ' . . 2 DGGE EiEE X
2l _J ( Proteobacterla) ’ Eﬁﬁj\jﬂi%ﬂ Elﬁp N Fig. 2 Cluster analysis of DGGE banding patterns
3.2 Biolog T4 R A He 457 As FORFS  Ks MR , Rk UL, Co . JEFERE, Gu: T8,
321 RERYHEG 9B R SRS S Lo G BERT Am: B
FHE _ e f o 1 5
R2 TREVMHEEESNAREEER
Table 2 Genetic distance ( above diagonal) and differences in bacterial communities ( below diagonal) in different plants
FEE PoplD Hi As Cv Rk Ks Gu Am Gs Le
Ht 1.00 0.591 0.517 0.445 0.588 0.485 0.437 0.522 0.537
As 0.591 1.000 0.438 0.491 0.593 0.550 0.533 0.455 0.556
Cv 0.517 0.438 1.000 0.622 0.542 0.470 0.376 0.483 0.586
Rk 0.445 0.491 0.622 1.000 0.601 0.498 0.521 0.462 0.499
Ks 0.588 0.593 0.542 0.601 1.000 0.525 0.584 0.548 0.548
Gu 0.485 0.550 0.470 0.498 0.525 1.000 0.608 0.569 0.674
Am 0.437 0.533 0.376 0.521 0.584 0.608 1.000 0.473 0.573
Gs 0.522 0.455 0.483 0.462 0.548 0.569 0.473 1.000 0.614
Le 0.537 0.556 0.586 0.499 0.548 0.674 0.573 0.614 1.000

Hl:%$ ,AS:j(*}% ,Ks;ﬂﬁﬂﬁﬂf,lfk:ﬁgi)nuﬁ,C?);JFL]J‘:E'E,Gu:ﬁﬁ,lﬁ;$$,6§:¥f'ﬁg,/lm; EK

XF 9 FFEDAR PR - EHUAE Y 1T T Biolog fF- AR 12,
ST (B 3) . AWCD 2k s it 1 18 40 B 7 Biolog f3°F
A AR O 8 AR i R AR IR R R R
EAHE I m, WA S EEE, SRR
B, 9 Flote 4 Hh AR Bt A 4 %ot U5 R P i T e i ) S
KG, HAAE DR BRI A A RE T Fegse 30
3.2.2  HIERUEYITIRE SRR T AT

P25 XS R A 40 - 18 40 B T 5 IS P e DR 2

—_
(=}
T

oo
T

N
T

HAHCERE
Average well color development
(=)}

[\S}
T

BT T A0 (K 4) . 25 R, B RS A ik 5 00 24 48 72 96 10 144 168 192 2i6 240
HABFE YA ZZ A, 1hd B B G A 0 b ok AR s - 332 40 1 HE3¥ I ] Inoculation time/h

BRI IR i I AC IR R 5 HADAE ) A 5 22 R0 B3 FREWRER TS EY AWCD BErt ia g2 40 i 2%
&%XEE%T 5%%%&% &l\, Iﬁ] E{fﬁ*ﬁ%/&ﬁf&%,ﬁé Fig. 3 ‘ 'Ariation‘ in AW‘CD of rhizosphere soil microbial
WS LRI BRI e e e
53T 0 22 5 | RIHABAE Y #0A ] e 22 5 B LB H G BPR T Am B
3.2.3  HIERUEYIREE ZRE R T

AR AP AR PR 3 D FE R 57 96 h 1Y 2R
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Rk3

o Rk2

FE R 4)2 Principal components 2
(=]
T

-2.0 -1.5 -1.0 —-0.5 0 0.5 1.0 1.5 2.0
F 431 Principal components 1

4 FEEYRETIEARBEENERS S0
Fig. 4 Principal component analysis ( PCA) of soil bacteria communities in rhizosphere for different plants
Ht].} Z%$ 7A51_3 :j(*‘f% ,Ksl_g :Eﬁim% ,Rk1_3 Z%mﬁ 5 CU1.3 ZTI%EEE ) Gu1_3 :Hﬁ ,L01_3 H :‘Fﬁ ) 031_3 :%?j(ﬁ qul_j :ﬁ&

BEGHEAT T /0T (R =) . Shannon ZFEIEFE BURIII MABU B RN 0 A S EN G 808, B2 H
RN ) 2 BB T8 Z FEPEFE 802 — . Simpson $5 50U 2 S b 1 W AR W) B % b i UL RO 0 R ARG B
MicIntosh $§ XN EREVE PRI —PERY RE . M3 3 AT LI | Shannon ZHEPEFRELS Simpson #8504 LI K
AR R R, R A SRR AS AL, AN [FIAE AR B+ SRR A [RIAF7E — € I 22 5% . MicIntosh $8 80102216 5
Shannon Z2FE M8 BE A S, REWL - IEREA S5 iy, PR G R IEREAIRAIG

x3 TREWRERTERENRESHEEEY

Table 3 Diversity index of rhizosphere soil microbial communities for different plants

+EE Shannon 5 %% Simpson F8%% Miclntosh $§%%

Sample Shannon index Simpson index Miclntosh index
Gs 3.3733a 0.9647a 0.1878c
Ks 3.2715ab 0.9607ab 0.1983bc
Gu 3.2609ab 0.9599ab 0.2002be
Cv 3.2481ab 0.9589ab 0.2028b
Am 3.1697b 0.9557b 0.2103b
Le 3.1739b 0.9559h 0.2010b
Ht 3.1718b 0.9558h 0.2102b
As 3.1617b 0.9553b 0.2113b
Rk 3.0163¢ 0.9477¢ 0.2285a

R FREFRGIT 2 ERIZEFE(P < 0.05) He: 453, As KKFE , Ks BRI, RE RS, Co JRIB R, Gu: H R, Le: B Gs . P KT, Am.
iy

4 He

e A R 2RO AE RN TTIEFRAG Y S BT LA, AR G AR BT AU A 5 1% S i L SRR 1) 52 414
IR B SR A, X B R AT A8 S ek i o AR W DT IR R T b A W S A
A

ARSI IE DCGE J59k  WF5E 1 R IRER A MU AR P - eV 45 ) 2 e, 45 R R ] AN TR] AR A ) =22 1) - 4
T YIRE R SR AR LB  (HABAF AR — 2622 5% . DGGE 88U R RO o | [f]— B A Y, B4

http ; //www.ecologica.cn



34 FR¥ESE A R RER G SR AR B 1 SR WO R P S5 AT REZ AR 1R 7

HIAR PR T SR RV 548 I Sy [R5, SR WIAE ) A B AR PR - S A W 9 A — 2 W R /R . DGGE 8]
T ISR HEA T Y A5 R AR A 1 1.2 4 AR R TR AT 1] (Acidobacteria) ,5.8.9 .10 11 4
J&TAETE ] ( Proteobacteria) , B 25119 3.6.7 W A ARFEFI, X5 Fierer 2131 5 Deangelis gLt gy
WFFESEARL, AT TR 28I B 1 P25 TR IR PR AR 00 o5 D08 TR B S PR AV T 25 PR 0 P R s v 4 1) 3k
JEARE, [ AT BT BT T T BT RE S Kielak 250 Yergeau 251 AUBF S HIZEML, M TN R BRHT
W TR S A S R G R IR, PR BT T 138 72 ) BAR D B8 8 R W) iR 22 . Duineveld
ST b RESIE A X S B AT IR AR T DR 1), S A A TRE NS 0 1) 1 X R AR R B 1 A5 A, A HR T e
HAR I PR R, X SRR = %5 5T A IS TR), FR S == 45 R B 29 A 81 @ T A Bl 3% 35 1 e A=
Yy ,43 D F50 43 JE A ERE H (Myxococcales ) ARFABE T H ( Pseudomonadales ) KR H ( Rhizobiales) | % HIFT 1
H ( Bacillales) A5 H H ( Burkholderiales) | iUZE T H (Actinomycetales ) MR TE H ( Oceanospirillales ) | 85 FT
W H ( Flavobacteriales) SN H ( Alteromonadales) ,21 A& , KA WTFE B I8 [6], BT LA H BRAS [6] B 0 5%
4R,
Biolog W V-Alik ) 2 I TP -3 AE M RETS IO DI REZ e . TR W) D BE Z AR MEXT W] — BR B3 T AN W] A
PIRR BRI A Pt Ts A B L, i Biolog P-4l AWCD 34T, AT LA H G RHE Y AR B -+ 85 A= W i 0
Xt RS R FET A0 6 1 W i T I p R A Ay e R 4 T 5T A B T P R AR PR A A A R AR 4 1)
HR B A 5 53 W R B K AL G R 22 IR B GUAE W) 0T i i ) R T B e T B . ARG 45 SRR W1, G RHE P B K
T2 AR B - 3553 W B K AL G SR S AR ), [R)— R R AR s R A0 TR RV T IS B U5 ) A TR [
BORL A B B H e, pE R ORI, 4G S RORAF T ) | AN [RI AR AR B - S8 240 B 11 v X R 0 s 0 ) A
TEAFTE S —E 22 5 (A Pk 5 A A Y ) o Shannon Z2A%E P F8 U I ) F (1) 3= & J& |, Simpson 48 55U I
ULRN I B R G TSI TE RN B SRR AR AR T Rs AU, R B R H B
) Shannon F1 Simpson &4t AHXI 45 , iX 5 Perez-Montan %5 fHIF5E 45 S, Al Al G RHE ) AR J83 11
ek 2G0T LIRS 58 AR P 11 AL, DA TR e AR PR 2k M i B

DGGE AN AR BR - HEFEAT A A7 — SE xR A Y E v b it /T 1% RS BER ] DGGE 4
ARFEATRM BT, P AEY 16S tRNA [ GC S MR, AT 2P 5 AR AN, s A DGGE B3 1 &,
EATBR ) — A4, BSOS R REAERR 1 AT S E D BEIE 1 2Rt 28 50 P A R I AT 5 R BT T
REAGER o0 M7 05 07 A iR 25 FRATT W 0B e IS 22 R v i o] UK LR [ a0 B ik s & . B
HIVF 2 W98 IEAE R 28 BE R 20 22 1 5 5 e A A ) ) AR B0 B PR B BRI A= 0 1Y) DNA | # H JE [A
YLSCHE R FASE R AL 2 A P P R T D RE R A A 1 | e — IR 9 2 40 22 W 10 i BRI 7 1%
TEARRATRESS AT IZ N ]

AW5Eiz 1 PCR-DGGE HARAN Biolog f-F-Hi i , 3 # T7 R PEER B X LA AN [ AH 40 AR s 3w A= 0 235 ¥
TIREM Z R i 1 3B T R A A AE Y IR it T E S %
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