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Seasonal variation of soil bacterial community under different degrees of
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Abstract: The goal of this study was to detect the links between grassland degradation and bacterial communities in soil.
Grasslands under different degrees of degradation ( heavily degraded grassland, HDG; moderately degraded grassland,
MDG; and light degraded grassland, LDG) were selected from the Leymus Chinensis and Stipa baicalensis Meadow Steppe
of Hulunbuir. Soil samples of each location were collected in June, August, and October respectively. Bacterial
communities were characterized by analysis of PCR-amplified 16S rRNA genes using the fingerprinting method of denaturing
gradient gel electrophoresis ( DGGE). The results showed that the soil of Hulunbuir grasslands were rich with different
bacterial species. Based on the PCR-DGGE banding patterns, Shannon Weaver diversity indices and species Richness were
calculated. The average calculated species Richness values were 11% and 7.4% greater in August (32.4) than in June
and October respectively. Similarly, August samples had the greatest Shannon-Weaver diversity index (4.15); 7.7% and
5.4% greater than in June and October respectively. Cluster analysis of DGGE profiles indicated that different seasons and
degradation gradients had no significant impacts on dominant soil bacterial community structure. Ten bands were excised
from the DGGE gel and re-amplified for 16S rRNA sequencing. The partial 16S rRNA sequences have 87% — 100%
similarity compared against those available in the NCBI database. Based on the sequencing results, seven bands can be

identified as related to Proteobacteria (98% — 100% ) , one close to Actinobacteria (99% ), the other two are unknown
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bacteria. These results provide evidence that although the grassland vegetation is degrading, the domain bacterial

communities in the grassland soil has not changed.
Key Words: Hulunbuir; grassland; soil bacterial community; PCR-DGGE
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¥, 10 TR A T 2 TF Bode AT 19 _EsR iR g o A SCR A PCR-DGGE AR BF 78 P4 I /R B2 R
[13E P BE B S [ 2 45 0 55 b SR B R VR 4540 , I 0 338 b 0 B B AR R AT U 20, B 7E NI W)
F A BE T B AL 5 3t Y SRR L , SR B 5 3t B R R AT 55 6 R SR LB B AR
1 #REFE
1.1 3RS CRE

AL DR B AL T N S8 R R AR 0, 2 1 S48 , 4R 7K & 350—450mm , =0°C 4R 2300°C, 3%
N SBA  F BEAS R A R AR o R AR TRBESE SR AE SR T I8 XA DR IR R AT X
B B RIS R A 37, %3500 FAE 4 49°11'—49°31" (AR £ 119°47'—120°18" ik B 4540 B 1L X T 55 6
HEFRBAFISE 11 AP B . XA RBOH IO TR RS BT B35 2 18] B X 3, 6 BA IR IR Hl J2 M 50 5 2 25 2 )
BEJE(AM) (11 BAJ S ) DL AN/R 6t 5 B A BEJRL(SM) o

AR B E R, 24 B U, FH AR R RIFE R AL . AR PR BEAS (], R I R A 3 X
SZE W TR, B BEE ORISR, B MR TE BB L R 1 o ARYE 2 LB AL B 1M 07 v , % R ik
HEAR O R SR IR, KB AL R 51 R4 2 B R AKX (LDG) | h BB ALK (MDG) FiEE iR fk
X (HDG) 3 MBIk,

AM RUSE  WOHCERAE 1. 2km J5E DL BIX R4 HDG X, [ 4N E 24275 0. Tkm i 2% MDG X, T
[ SME AR TE 0. 6km Y5 FEI Nl LDG X,

SM RiI5E : UK AR 7E Tkm LA HDG [X, [f] ShEE M 427 1. 2km Z 4} MDG X, F [i A1 JiE fif 2 42 7E
0. 8km JEE NN LDG X,

TERNB ARSI Y BENLIEER 3 /MR AL, Al 4TRSS B 0—10em + )2 ) +3ERE 51 24 300g, FlE 198K
R E T YRR BT KA 1E 4C TR AE4 . BURERT RN 43510k 2007 426 A ,8 HAI10 A,

http ://www. ecologica. cn



11 3 ZFHIE 4 PR DURE R FLR B B IR R S T T2l 2885

1.2 34N A DNA BG4k

+ 385 DNA $RECRF s #9 Zhou 26 (977 , B J5 A SO0 L ToB/K ¥ DNA Y3, 5 5 DNA KL#EHE
fho fHEFIRARZAE] A8 DNA =4 i iR & 2 AL IR 1) DNA,ZE 0. 8% S HE M e i b X 42 B DNA
7 B KA
1.3 #H 16S rDNA #) PCR § 3%

Y A E V3 X838 FH 3 %% V357FGC (5’ -CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCAC-
GGGGGGCCTACGGGAGGCAGCAG-3’ ) i1 V517R(5’ -ATTACCGCGGCTGCTGG-3" ) o

PCR JZ i1k & 50uL:10 x PCR buffer (& Mg®*)5pL; dNTP4pL(% 2.5 mmol-L™") , Fi#34 1uL, T
#7519 1L, Taq DNA G5 SU,BRR 1pL(10ng/wL) , i ZEK 2 SOpL, PCR R FRSF :94°C FiZE M 3min,
30 WAEF : 2P 94°C30s, 3B K 59°C Imin, FEfH 72°C1min 10 s, £ 5 72°C T #Eff 10min, ¥ 34)5 ¥ PCR =4
FA 1. 5% BrBEMEGE e i kA I
1.4 PCR =¥ DGGE E{RALTE 5347

DGGE % 18 T /3522 gy )5 . DGGE 4347 )% i Bio-Rad DCode Universal Mutation System DGGE HiJk £
Bt. DGGE R FHAE M FN IR PN I B R SURE BE BRI , B PERR BE N 25% — 60% (100% ZEPEAH S F 7 mol/ L JRE
M 40% KBTI ) , RN B EE N 6% —12% , 7E 61°C 0.5 x TAE,200V Z54 T H ik Sh, HIKAL A
i SYBR GREEN 1 Z4¥}(1:10 000 ##¢) ¢4 30 min , F Alpha Innotech Chemilmage 5500 CCD J{{& & 4i4H
1R, 37 BB 23 A8k ( Quantity Oned. 2.3, Bio-Rad) X #EME EMG #1770 4. 8 Shannon-Winner $8% (H) Fl
FEES) M LIRUAE TR 2. HitE ALl

S
H=- 21, (pi) (log2pi)

KA, S A —TKIE W S8, pi TKIE o3 — 2% 1 5R BE (Rl VK T8 P IR AR TR BE I LU 1B,
1.5 DGGE & IR 3t

DI 2 B8 E /NSRS 1905k B R DNA B V3STE( TG GC &) 1 V517 314573, B~
R R =1 B A E T . KW S5 R FE GenBank 3% FE b 17 L XF 43 47, 3R B3 A LT 51, 55 A
MEGA3. 1 23R4 RGE SR o
2 GRIW 13945678 91011 B18KISIEN
2.1 DGGE E#&41F

TR ) 16S xDNA ¥4 - Bt# i DGGE
ooy A TR (B 1), R RBE AR P 4
FEEEE, ST R R R RN 2D, NE T
RS, LEPHEME T2 FE, SLEEREH—
Bk, [ WAEE—EMER. %50 B4.B11.B5,
B6 B8 \B10 Fy 4% FEA [RIIR Ah 66 BE J A [R] B 03 4k 2
TRATAAE HAE AR, & T R EE
2.2 TERMEHIE SRR

{8 /] Bio-Rad /3] Quantity One EI{R 538145 Hr E1 165 rDNA 34 2 B # DGGE Eitt
DGGE H3k & F, & kB L8 EH , Foth & Fig.1 DGGE profiles of the PCR products
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Winner $850°F35 3.85, 8 A 4.15,10 A53.93, 5FEEFELEAMEAEM,8 A Shannon-Winner 355 5

B, 4rBIEL 6 A1 10 A7 7.7% F15.4%
2.3 BRI AT
f#i i Bio-Rad /3 7] Quantity One E{R 7 Hrak 4

BT L MR EREER (E2), REES s BRI o gy
HREPRFB/IEENRRE, RREREROERSE o DeEm oo™ Richness  Shanmon-
MERRGKR . BEAHT(UPGMA) 0 , Bk E, : e e
2007 46 A 6 BA AR (LDG) 30 3.8
LA MPIEBR 8 517,12 57,13 51,6 Jun 2007 Team 6 FEER(MDG) 28 4.06
55,11 53 4 5|/& FR—#%, Wi HEAE Z [ AH FESEL(HDG) 31 3.9
LIS, 14 fil6 & B8 T—%%, i 5HE &4 200746 A 11 A RBEFE4L(LDG) 29 3.79
HERER, HE, B8 RAHA B R~k FE—  Jn2007 Tem 11 HEGRA(MDE) 30 3.84
ARG 2R R2% R AT ARBIRRRIREE o e » 0
REHEMZERNZSR . RAARNHRARREE  ooes g wmemane) 35 4.30
BEXT T A R S5 B B R Aug2007 Team 11 HEEE4L(MDG) 32 4.23
2.4 DGGE %ﬁ%()ﬂﬂ}?ﬁ}*ﬁ HFIE/(HDG) 33 3.97
¥ PCR 741 Fil DGGE 4185 5 , 45 4 3 45 s b 2007 4610 H 6 . ZEEEAL(LDG) 31 4.08
Oct 2007 Team 6 HiEEEML(MDG) 28 3.54
SrESHIE , 253 B E BI—B10 (& 1) 10 4~ , FAEGEM(HDG) 30 3.83
S5RTE GenBank ¥4 FE H #EAT Blast WX (R 2), 2007410 110 fpriqr(LDG) 28 3.72
ZER IR, A 7515 GenBank $HE E Hh A UE 7R Oct 2007 Team 11 FEIBML(MDG) 33 4.29
87% —100% 2 [d), H:H B4 BS F1 B10 435[7] Acine- EEEMH(HDC) 31 4.14
tobacter sp. Y3A . Acinetobacter HTYC22 | Ochrobactrum
sp. BA-1-3 100% #H{tl, B9 5 GenBank H F3|H L H 0.66 0.80 1.00

H 87% A RIME. 2T 98% HyAHUEE, AT K B1.B3,
B4 .B5.B6.B8 . B10 %5 5 Proteobacteria (ZEFEH1]) ,
¥; B7 Y€ Actinobacteria (JLZR ) « B2 5 B9 [ E
HFFIAEAPERBAR , AT BB R AR F 40T o

¥ DGGE Y5385 i BJF7 55 GenBank HAH BT
FIHAT RGBT (B 3), 85 R BIR, Proteobacteria
(ZRIEw 1) 3P R EERE, & 10 D ERAF P 7
N HEPH 4 ANKWET y-Proteobacteria (y- 7 T B
#),2 N&H BT a-Proteobacteria (- ZE TN ) ,1 4>
2571 J& F B-Proteobacteria(B-ETL A ) o Hx 3 KA
i, B—"JB T Actinobacteria (JRZH]) , 7 WA~ 4%7H
7] 2 AP S AL BE B, Tork AT 468 5E o
3 itig

Xof A ] i B ) 9 4 BT A Ve A TR B AT X 1,

®1 THARHESHEEN

Table 1 Soil bacterium community diversity index
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Fig. 2 Cluster analysis of DGGE banding patterns
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B EERAL;7,8:6 BA 2007 4E 8 A B EER;9—11:11
BA 2007 4 8 A & FE BB K;12—14:6 BA 2007 4E 10 A £,
O EREIRAL ;15—17:11 BA 2007 4E 10 A & EELRL

http ://www. ecologica. cn



11 3 ZFREIE 4 PPAR DURE A FLRE A B TR B SR 2 2887

W, ULBAZETT AR LT H IR Y SR E A Y & %2 16SrDNA DGGE BBl S 74 R
%B;ﬁ‘_ %% u[',ﬂ o & ﬁE Jl:[jfﬁ_',% i R A _jj‘@% iﬂ% A Table 2 Sequencing results of 16S rDNA DGGE fragment
BIEIEE KYEREMES T TEmN L, B 16;’;“ BEAIUE  SUA RS R
—FEARREAHIIG KSR R W 1osona e et Buoers wit e

identity/%  highest identit
SERAA P, X RN LR EE e o ’

[ﬁ ? B1 99 Chelatococcus sp. TKESA
e B2 96 Staphylococcus sp. WSO8A_H10
#R4E PCR F=¥)7F DGGE &% F & E 1T B3 99 Herbaspirillum sp. AV_8R-S-G10
%EE% u&%ﬁ?o—%gﬂlﬂﬁtﬂ ,{%iﬁigﬂgéﬂl%ﬂ:% B4 100 Acinetobacter sp. Y3A
BOhE R AR R AREU R R R B 100 Adinetbactr HTYC22
}‘J_‘:‘: %Eﬁigﬁiwﬁg%wm{u,ﬁﬁ%—’{Emﬁﬁz B6 98 Acinetobacter sp. 11.5.051CS9
. e e g i 2 B7 99 Actinobacteria GASP-KC3W3_G11
% %ﬁﬁo i%ﬁé HH B/J DGC]? Igla ':F'ﬁﬂu%;{%m B8 98 Proteobacteria IMCC1704
Eﬁ = E‘_“E:ﬁﬁ ) T/ﬁ% Fﬁ% HVJ‘IETJ @k*ﬂgﬂﬁkﬁ B9 87 Uncultured bacterium

FERARAL, L35 rh L R B R Z 2 B B e, B10 100 Ochrobactrum sp. BA-1-3

DGGE #5 8U & 1% i R 2543 Mt B , [R] — B B[] =[]

—iIRGAR R ) 4 AR A B BT T — R , R BURE s [R] SR AL A2 B I A2 IR A P V5 S5 0 I B
WA ZE . X} DGGE 457 VI B H U 7 4047 , 45/ DGGE El 3%, 7] LUE H H P R B BE R Proteobacteria
(ZEFEHIT) 3% F] McCaig A E'P) 3ot 3 [ B 5 + S A W R VR 4544 BB ST 45 SRARAE (B RN 46 sy 52

Froteobactetia, Gammaproteobacteria11.5.051C55 (EU276980)

uncultured bacterium HY1_c068.Contig2 (EU458356)
86 | Frotechacteria, Gammaprateahacteria 11.5.051 CS9 (EU267627)

99 BS y-proteobacteria

B8

42 Uncultured bacterium BH10-8 (EU5E3210)

74 | Proteobactetia; Gammaprateobacteria IMCC1704 (DQBE423T)
Uncultured Proteobacteria Hmd24B14(EF196979)

27
B10
4'__131 a-proteobacteria
71 Froteohacteria; Alphaproteobacteria; TKESAAMIS0460)
34 B3
Uncultured Frofeokbacteria; Betaproteckactera (RYB0BE21) B-proteobacteria
80 | Proteobacteria; Betaproteobacteria QD1(DA3EETES)
Uncultured Frotecbactera, Betaprotechacteria AV_8R-5-G10(EU341291)
Uncultured hacterium(EU000360)
Unidentified bacterium
B9
99 ‘ B7
| Unidentified bacterium 1_L2__BULK_T7s(EFB05835) Actinobacteria
Actinobacteria GASP-KC3IW3_G11(EU300624)
42 37 B2
ﬂjUncultured Staphylococcus sp. clone WS08A_H10(DQ171618)
99 L{ Uncultured bacterium(AME96836) Uncultured bacterium
0.05 56 | Uncultured bacterium nbt62c03(EU536300)
| —

B3 16S rDNA F ol R gt
Fig.3 Phylogenetic relationships of 16S rDNA sequences
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o7 558 07 E TR 5 3B Al B T - S A i RV A B 0 225 SR 3 ) B S [ A BE X 33
YRR RA BEES 0N M R EAMEY B AE KRR R4S BOUR R B AR E YR R, X
B 20 S P W B A KRR N, TS0 S M B AE 8 . McCaig A E'*! 1 Nunan
N i i PCR-DGGE $ AR X 7 [R] e B BE B4 5 - 39 LA B A ) 5 JEUAE Wk Py - S 0 B R v 45 WO O JR R 5T, 4%
RERER RN E R A B, X SA TR SR, HREMEYZRZ T ERENY
W, 4 R R B ARR , _EIRR GG I A T A W 5 SR T 2 A, B R AR B AL R BE X Tk
YIRETE RN T B T W B ARk, X TR W E TS 454 (B2 i R B B, 15 B 5 I B Al - 39 AR
Wy RSO BE 16 Tk L S R VE A, BRAS RO o B R B AL AR B RA BB R M M RIS S5 B
ZASG B

8 B 0. 1% Ryt YT Lh s 37 , PCR-DGGE $ AR AT LUK 2] + 398 b 978 BT 35 3R 40 B, A HUAE 45
{3571k, PCR-DGGE i R B A EIF I F 1, B PCR-DGGE 7E 5T + HE i A Wy BT 7 i A — & IR
& Muyzer' BRI, RA & MY BB KT 1% KB4 fE¥ DGGE #:ME], +3% DNA f4RE .
PCR 314 A % DGGE il 5 71 iy Yk iod 2 0 s 2 0 2 X B 20 445 S 4 B — S8 R, /R Witk , PCR-DGGE {5 A8 4%
S — R A R I B A R S R T R
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