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Abstract: Both culture-dependent and culture-independent methods, denaturing gradient gel electropho-
resis (DGGE) based on the sequence of 16S rDNA, were used to examine the microbial quantity, bacterial

community structure and diversity in different soil types (Peat soil, Swamp soil, Meadow soil and Sandy
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soil) and soil detphs (0—20 cm, 20 cm—40 cm and 40 cm—60 cm) under different stages of degradation in
Zoige Wetland. Experimental results showed that total microbial quantity decreased with the soil types
(Peat soil>Meadow soil>Swamp soil>Sandy soil) and declined with soil depths (0—20 cm>20 cm—
40 cm>40 cm—60 cm). Bacterial community structure was affected by soil type more primarily than by
soil depth. Bacterial community diversity generally declined with soil types (Peat soil>Sandy
soil>Meadow soil>Swamp soil). However, no significant tendency was found for the soil depth. In ad-
dition, the total microbial quantity was strongly correlated with organic matter, total nitrogen and pH,
and bacterial community diversity exhibited significant negative correlation with pH. Ten bands were
excised from the DGGE gel and re-amplified for 16S rDNA sequencing. Based on the sequencing re-
sults, seven bands can be identified as related to y-Proteobacteria, one close to a-Proteobacteria, and the
other two belong to Bacteroidetes. These results provide evidence that Proteobacteria are the domain

bacterial communities in the soil of Zoige Wetland.
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Fig. 1 Distribution of soil sampling sites
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Note: A: Banyou; B: Yueliangwan; C: Huahu; D: Longriba; E:
Rigangiao; F: Xiangdong pasture; G: Tangke.
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Table 1 Altitude, longitude and latitude of soil sample sites

[ EZTRT Gtfi R
Soil type Site Longitude and Latitude  Altitude (m)

st BEMi N:33°34'07" E: 103°02'01”7 3499

Peatsoil  gaeewy  N.32046'49” E: 102°30'59" 3 466

W N:33°56'09” E: 102°49'45" 3410

BE+ W N:33°54'57" E: 102°49'02” 3392

Swamp soil by N 320287227 E: 102°22731" 3519

HFFF  N:33°0625" E: 102°38/33” 3 501

i+ W N:33°55'04” E: 102°48'58" 3393

Meadow soil J g1 N. 3202611 E: 102°22'38" 3 537
MZRH N: 33°37'31" B: 102°52'31" 3 406
b+ R4 N: 33°38741” E: 102°50'16" 3 436
Sandy soil  prgr  \:330321197 E: 102943337 3433
BEWE N:33°32720" E: 102°4335" 3440

1.5 #fE DGGE 7 #7

1.5.1 *1EZ DNA 2B K32 E MP Biomedical
/N WY Fast DNA SPIN Kit for Soli il &, F#pfE
UEHIXT - HEETT 5 DNA S glifk SR J5 FH 0.8%
%) S T R L A D

1.5.2 16S rDNA V6-V8 [X ) PCR # #&: DIFREHY
A DNA tsitk, FATE@EH51%): 954f-GC (5'-GC-
clamp-GCACAAGCGGTGGAGCATGTGG-3") }
1369r (5'-GCCCGGGAACGTATTCACCG-3") #1714
W, LS 54 40 bp GC 3k (5-CGCCCGCC
GCGCCCCGCGCCCGGCCCGCCGCCCCCGCCC
C-3n1, SRl HERE Y S, R TS PCR %
WK ZR N 50 pl: 10xEx-Taq buffer 5 pL (TaKaRa),
MgCl, 4 puL (25 mmol/L), dNTPs 4 uL (2.5 mmol/L),
b FIESI4 1 UL, Ex-Tag DNA R4 0.25 L
(5 U/uL) (TaKaRa), #5451 uL (5 mg/L), M#ALEKE
50 L. SN2 94 °C 5 min; 94 °C 30's, 61 °C—56 °C
30 s, 72 °C 1 min, 10 MEFFCH ARG FR R R
JE &R 0.5 °C); 94 °C 30's, 56 °C 30 s, 72 °C 1 min,
25 MEH; 72 °C 10 min, fFrf% PCR F=¥ H 1%
TR AR I LUK o

1.53 THHEERKEEIKXDGGE)RE G H: H
JH] Dcode™ Universal Mutation Detection System %
4; (Bio-Rad Laboratories, Hercules, CA, USA)Xf
PCR N P= 4753 85 o MEEASFE S PCR 7= R B
200 ng DNA JTAZ] 6% 1) 5 P34 Bk e 58 e v, e

© P EMERMEMTRITEATIEESHEESER http://journals. im. ac. cn

http://journals.im.ac.cn/wswxtbcn



680 s aHR

2011, Vol.38, No.5

A5 HESE R 40%—60% (100%725 PEAH S T 7 mol/L
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HIAAHTR] . 75 2]/ PCR F7#14: DNA B i i
I £x (Omega) i 174k J5 5 v B 24K (pGEM-T) i
B, 1920 PP bk B SR A R FLN T . K
W5 45 R AE GenBank U408 PE b E 4T HL XS 73 Br, 4%
HARRUE S, ] MEGA 4.0 %2 & 5tk

F2 TRELEER,

fif o K 168 rDNA 51 1145 NCBI ¥l 5, 751
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Table 2 Comparison of the soil physicochemical properties in different soil types and depths

B REE Tk E B Eor) e g
Sl s Depth Water content pH Organic matter Total nitrogen Total phosphorus Total kalium
(cm) (%) (g/kg) (g/kg) (g/kg) (g/kg)
s+ 0-20 57.94+0.33 6.53+0.04 46.29+1.80 2.23+0.02 0.55+0.01 3.64+0.06
Peat soil 20-40 59.17+0.51 6.62+0.00 41.84+1.05 2.15+0.03 0.51+0.01 2.45+0.06
40-60 68.92+0.39 6.310.02 36.55+2.04 2.05+0.03 0.56+0.01 0.510.05
HEL 0-20 50.91+0.77 8.46+0.12 32.66+0.94 1.58+0.02 0.49+0.01 4.28+0.04
Swamp soil 20-40 50.80+1.94 8.42+0.05 29.53+1.11 1.400.02 0.54+0.01 1.20+0.01
40-60 43.77+0.55 8.51+0.12 26.31£0.81 1.29+0.02 0.48+0.00 1.40+0.05
Hif + 0-20 40.25+1.00 8.28+0.08 28.56x1.74 1.45+0.02 0.55+0.00 8.46+0.02
Meadow soil ~ 20-40  40.82+1.22 8.31+0.08 25.30+0.35 1.20+0.02 0.53+0.00 7.09+0.05
40-60 45.92+2.13 8.26+0.28 23.01+1.18 1.10+0.04 0.55+0.01 13.13+0.22
Kb+ 0-20 7.58+0.21 7.19+0.01 3.42+0.04 0.180.00 0.21+0.01 8.460.05
Sandy soil 20-40 8.01+0.07 7.57+0.03 3.04+0.20 0.14+0.01 0.23+0.00 8.29+0.13
40-60 8.61+£0.35 7.97+0.03 2.60+0.32 0.1120.01 0.23+0.01 9.30+0.07

T R R PR R R 22, n=3.

Note: Data in the table are x+s, n=3.
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Table 3 Comparison of the soil microbial quantity in
different soil types and depths

MR A PR (<10 CFU/g T 1)
Soil microbial quantity (x10* CFU/g dry soil)
ATE FH LT PR

Bacteria Fungi Actinomycetes Sum
Jemt 0-20 292.96+10.60 0.41+£0.07 129.10+3.44 422.47
Peat soil 040 188.19+14.51 0.16+0.01 116.52+4.00 304.87
40-60 59.97+0.32 0.12+0.02  55.60+0.84 115.69
WEL 0-20 81.61£3.58 1.67£0.09  9.74£1.03  93.02
S:i’f‘mp 20-40 17.78+0.68 0.70+0.09 2.94£0.26 - 21.42
40-60 3.77+£0.34 0.16+0.01 0.14+0.03 4.07
w4 0-20 67.57+1.90 0.91+0.09  10.23+1.23  78.71
E:I)ieladow 20-40 34.72+2.77 0.21+0.02 8.55+0.28  43.48
40-60 23.30+0.55 0.07+0.01 2.05+0.16  25.42
Kb+ 0-20 31.24+4.51 0.12+0.02 4.79£0.70  36.15
S(?ir;dy 20-40 15.55+2.49 0.06+0.02 3.34£0.79  18.95
40-60  5.64+1.20 0.04+0.01 0.87+0.16 6.55

T R PR PR R R 22, n=3.

Note: Data in the table are x+s, n=3.

23 ARETIEER, REWTIEAEFEEHS
T

2.3.1 DGGE B4 #: it DGGE L%, 153 12
ASFIERESL Y 16S tDNA V6-V8 X F54r &3 (&
2A), A ECRER LI AT AR R, S5
Y5 I R B TR A = 2 b NIRRT LA
EF ST SR A . — e RS9 I 4%
i LA RAR Z 0 A5, R R A+
SR SRR S AR BRI EA V2R
() 2%t , i I s 2 (33 4 HE 2 1) AT BE A7 7 — 2e 3t

THE PREE
ZH) Depth
Soil type (cm)

AR, SR IX 20 2 Z5 ity (1 38 Bt AN AR ],
RO XL 7 & i LA AR . SR, SR
1o Y S5l TEVKGE T R IR RS R A N A R, B AR
FE S AN DA A DL FPRE A A — R . X SEEE RARR ],
5 R 3 1 AN [R) AR AL B B 384 o HA = 5 R R RE
ZAEE, TR B 3 U B AS [ o 1 240 O P B 4854 A T
NG

RESHT(E 2B)EE IR, M 4 PO R
AT+ 10, 11, 12; BEFE+L:4. 5. 6; B
f)+: 7. 8. 9; Wkt: 1. 2. 3)5 A 4 ARIF %,
Ui B AN [R) - 98 IS AR () 1) 240 B1 A 7 45 1 25 PR R,
IF H A eSS 2 U0 DR 7 28540 e 2 s IR 2
1T A () - S8 A AU AN [m] % B TR] 1% R ABLE 55 v {H A 7
— M2 5, Ul A SRR EE X - AN TR TR A5 R
A —EmsmEH
232 TIEMERTED B RIKEIEH AW
() Z2 /0 AT U b s B A i 240 R PR 1) 3 A 2 R,
11 22 FEPE SR BRI S TR IR BSOS R B 1 255 4
P o MR FL K PR 3 T RS SRl R B, XA R
AN ZAEPETREU(H) . F 5 (SRt T 1 ot
(E 4, Z58EM, ZEFA AP F Shannon-Weaver
TREBE A 1 HEE AN & AR AR Ak, FLARb R 5 R e
F > >Ff >IEEE L M AE Iy,
R VA 5 b i e B 2 R PEFE AU BEAE 20 em—40 cm
TES, Hw REEAAEH BAE 0-20 e B9 L2
Hob e m PR £ 0-20 em +J2#Y 3.91£0.02, %
IR N TA B 1 40 cm—60 cm + )2 1 2.98+0.01
2.3.3 DGGE &FHIMFESH: 8 THMEAN T
fife - e Y E BRI TR, B LIS VI 43 0T
My, 3455 Band A-J (B 2A)3E 10 448, T
5 HE GenBank #5823 T BLAST HXf (& 5),
gER WK, FiA PS5 GenBank ¥ 7 b i AR L
BEAE 97%LA 1o M\ DGGE 345 19 R Ge i AL g
(B 3) HrTAE N, ki &om E20h 3 KSR,
1145 a-Proteobacteria (a-ZZJE B 4) . y-Proteobacteria
(v-72IE H 49)F Bacteroidetes (FUFFE]), Hrp
y-Proteobacteria (y-Z8JE I8 4X) Ky 35 b (R P 4 2 i,
104494 71~ (Band B, C, D, F, G, H, ))& Tix—
KB, 1 /~(Band A)JET a-Proteobacteria (a-Z8E H
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2 TIEAEM 16S rDNA #7318 K B2 B DGGE Eli&(A) R L 2 E (B)

Fig. 2 DGGE patterns (A) and UPGMA dendrogram (B) of 16S rDNA fragments amplified with DNA from soil samples
i 1-3: P 1(0-20 cm, 20 cm—40 cm, 40 cm—60 cm); 4-6: VHPE 1 (0-20 cm, 20 cm—40 cm, 40 cm—60 cm); 7-9: K +(0-20 cm,
20 cm—40 cm, 40 cm—60 cm); 10—12: K7 1 (0-20 cm, 20 cm—40 cm, 40 cm—60 cm). FEEFRIC 5507 # 0] B 5.

Note: 1-3: Peat soil (0—20 cm, 20 cm—40 cm, 40 cm—60 cm); 4—6: Swamp soil (0—-20 cm, 20 cm—40 cm, 40 cm—60 cm); 7-9: Meadow soil

(0—20 cm, 20 cm—40 cm, 40 cm—60 cm); 10—12: Sandy soil (0-20 cm, 20 cm—40 cm, 40 cm—60 cm). Alphabetic marked bands were excised
for sequencing.

x4 TEMAFHEZHFMEEY

Table 4 Soil bacterial community diversity index

N Shannon-Weaver 48541 (H) EEEO)
i%%}[é@ Shannon-Weaver index () Richness (S)
Soil type 0 cm—20 cm 20 cm—40 cm 40 cm—60 cm 0 cm—20 cm 20 cm—40 cm 40 cm—60 cm
Jes+. Peat soil 3.91+0.02 3.69+0.04 3.45+0.04 43£1.15 46+2.13 42+1.15
%+ Swamp soil 3.04+0.06 3.05+0.02 2.98+0.01 24+0.58 27+0.58 27£1.73
Hfj £ Meadow soil 3.21£0.02 3.12+0.06 3.19+0.04 34+0.33 30+1.73 34+1.15
Kb+ Sandy soil 3.44+0.02 3.17+0.01 3.19+0.01 39+0.58 38+1.73 35+0.58

TE: R EE N BEAR R 2, n=3.

Note: Data in the table are x+s, n=3.

#* 5 DGGE fi#ZEZHmNFEDITER

Table 5 Sequencing results of the dominant DGGE bands

et %> R (G ) AL
Band Accession No. Closest relative (Accession No.) Identity (%)
A HM639767 Uncultured alpha proteobacterium (EF438230) 97
B HM639768 Uncultured bacterium (EU815218) 98
C HM639769 Uncultured bacterium (EU448730) 98
D HM639770 Shigella sonnei (X80726) 99
E HM639771 Uncultured Bacteroidetes bacterium (EU283366) 98
F HM639772 Shigella sonnei (GU968164) 99
G HM639773 Uncultured Klebsiella sp. (GU938598) 99
H HM639774 Uncultured bacterium (EU694820) 98
I HM639775 Shigella sp. (GU968176) 98
J HM639776 Uncultured Flavobacterium sp. (AM934979) 99

, . © PEMERMEMFRTEATIBRSHEER http://journals. im. ac. cn
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100 — Uncultured alpha proteobacterium (EF438230)
Band A (HM639767)

Shigella sonnei (GU968164)
Shigella sp. (GU968176)
Uncultured Klebsiella sp. (GU938598)
Uncultured bacterium (EU815218)
r Shigella sonnei (X80726)

5911 Uncultured bacterium (EU694820)
10451 Uncultured bacterium (EU448730)

47 Band B (HM639768)

Band I (HM639775)
1~ Band G (HM639773)
18!— Band D (HM639770)

dD(
22| Band C (HM639769)

a-Proteobacteria

9

)

41

y-Proteobacteria

Bacteroidetes

0.05

3 DGGE i & H MR GEH LM
Fig. 3 Phylogenetic tree of the dominant DGGE bands
Note: The tree was evaluated by bootstrap analysis of the neighbor-joining method based on 1000 replications. Sequences from the study are
in boldface type. The numbers in parentheses are accession numbers of sequences in GenBank. Value of 1000 bootstrap resamplings that
supported the branching orders in each analysis is shown above or near the relevant nodes. Bar: 0.05 sequence divergence.

), H4 2 /~(Band E. J)J& T Bacteroidetes ({LLFT 14
1) —% 00 &3, DGGE Ko 4 il g T
y-Proteobacteria Fll Bacteroidetes fY 4 257 (C. G
FE. T, ENRERN 4 Fhai g 2w 2 e s+ by
EAEHE; /47 D, F Ml H #J& T y-Proteobacteria,
BATT AR ARV P AR rp PR AL TR T
a-Proteobacteria i 5547 A Fll y-Proteobacteria ¥ 5577
B. I fEXD e AR g, Ui e 1R A 40 A
FBEAE TS v i B AR =
24 TIEBUMRETIEMEYMSE. TIEAE
HESHMERZEMEXERS T
Gt aE LR, —e e S
EY SE. IR TS 2R S (R A TEAR
U AR OCHE, TR B T MK (P<0.05) Bk 3
PEIKF(P<0.01), e AR B8 LA DL A2
AR (=0.712, P<0.01)1(=0.704, P<0.05)

FIEACE, 5138 pH 7E 6.31-8.51 FY7E Bl N 23
H(=—0.691, P<0.05)1 3 FAAHCHE, BG4 ) 8K
B 1 A DILBTRN A RS = T fin, FE 1% pH
(ELE) TE v T A o T MR AN TR R A 2 R PR A
HE pH £ (r=-0.886, P<0.01)H% i Futoct:, Wi
pH {H 6.31-8.51 1455 [l PN 241 1 FF % 22 FE 1 45 41 pH
{EL T I B AT
3
30 HIEBAMRMMENBEMEEFEZSH
(EZ:0EA

AN 73 f SR e A - SR AL PE R A LT
SR RS AR B, P WA
H T AR 45 18, Landgraf 20NV E Bm A HLF & =
f) - 498 AR 28 R G v A AR A B A R A B
Anderson 252 % B 4 SR M RO 5 - HEA HLR
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FEHEDFEMIELR, MK, HESATE0RE
S FHEE Y BCR N EE N R AU & PR
b+ PR TR B2 ARSI IR Y AR KR
Mg, I B AT R WA SIEA RS R G
RE 7 1 K 45 5 T RAE Y, 53 4k, 3 pH RERE X 40
PR TR 2R P A i B B RS R . R 2 ST IR,
HELMERRG T pH il 5 AN REVE 250 A 1R 4F
R AR SRS T A R AT L g R PR R
(1) AR B AR ER A s pH A A,
JITLARIEE pH A 405 ) A8 A the 2 7™ 3052 i 1) 41 B
FEVE 2R (2) pH ] LA i 5% ) 3857 43 A1k
R YIAR 250 WA B, | o ST [ 482 5% o 4 1 7V
ik Z R
32 TIEXBNHEMBENMRIFEZD HFHEH
A

FI AL G50 B 55 35 1 M4y 71 )% PCR-DGGE
TN IR 5 e DR AN [ AR Ak [ B - S M B
AN TR Z R BT g SRR, v 32
B0 R AN TR RV 2o R M AR DU R AR v 2z S
B, AR B B A - 1 S AR % AR T AR Ak R
Ut ) - S A6 ol A B TN A R R VR 2 PR R
M AR G . e R A RG4S AR IR, skt
USRS TR A1 8 Bl RN A X R,
SER R Y BCE . AR . AR E
FEVE 5 - HEOR 56 R %) . Xu %752 ] PCR-DGGE
WF 5T T N [ - 39 2 700 S K o R o 40 R B 114 5% i,
55 L3R W - A RE RS P K SR B A AN R AR
) ZFEME . Gelsomino 25U A T A [a) s FR A ' 1Y
T A DGGE ik 548 i1, HIERAE e +
B R R TE 5 R I B, M) Y e A,
T HEUE MR SRR . 1 R S Y R —
J5 AN [F 2R R £ A R [R B L, ok
gr. FROF A REA pH & 5 —Jr R Rl Y
BT 35 BT M b AN [R] A A A A T FTAR 2R 43 1
Yl . 2R AR Ak, X BRI I SRR Y
\HERNE,
33 TERENBENBENMARIFEZD HFHEH
A

ARSI SRR, W] SR IR W R B 1
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R RS gL, X 5 X 5N Taylor 220
ST LS SRAH R . RO A HLRAERZE L py & a2
TN, BDEAVEFEERZE LE D, Mk
Vg 2 THRAENT)Z . o, HIEAES
PR XML EE, TR EL, mA
PEZE, ANREPEAL A THA W B4 0 A A7 0 BB 25 (]
V2 AR YR REAE A7 AV E S, BRI 36
AR BB RIS/ o 3K - SRR U TR B G
MR /D YRR, R /R 5 m R iR AR R R g,
)2 4 HER W T AL e i U Bl B i I BRI 27 o
T 40 T 2 SR W ) R BERRE, BN . BE
Z . B, Y e EA bl A CHEH . H
PN T R T AR 22 56 T - 398 20 A R R 0 A G B
9%, WA PN T #T T8 K A IR A HE AR
EANF )2 S A s 2R, A5 R BoR 2
Bl 2 TR AR T B sk A AR PAIE A 5T B
- AR PR - 3 A A W T B0 A S A B S A
TR T 0 TR B AR f A A B 35 5 Ekelund 253 % B
7 AR AN B 1 2o R B 2 2 R B A 48 i A
o 3 ARG 9 R A AT B T AE AN R 2 IR
B3R, K. FRar . WA, . pHEEFR T
[ 25 5 B AN [R) 40 A ) R S 1, SO AN TR AE -3
T FL oA A AR R AR — 1,
34 FELIEMEEBMSHN

X DGGE & A7 7 5 &3, A TE 1 (a-
AT TR y-AETE TR ) R B AR BT DU 25
ARTE R A ATRE R 80%, A A E AT B
KANH . LML RRY], B
W A . Nicomrat 25245 58 [ P4 JL ERHE A X
IR HATI S KB, 15 %% DGGE 4477 )5,
93%MJF 5 AR T . Tait 25 25% 26 [ 0 5% 2E M
T 1 S A R AT S A B, DU 1) 25 2R 2501 7
Hrh 72% MAFTE B . Ahn 251200 B M TR ) 1 41
W PH 60%M AN FH A N AETLH . Luka %507
TE X 18 15 b v 4 TR 5 45 10 R 2 R PR A0 5 b
B, BIHE SR, T Tomoya Z518%f H A
HR A AR H - BEAH R AT 5 S AR B TR R .

SR U, DAL G AT 8 3R R R4 TR
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