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Abstract: As a key area affected by secondary soil salinization in China, there is limited relevant research data on the
formation mechanisms, as well as their influencing factors, in the Ningxia Autonomous Region. In this study, soil samples
were collected at various soil depths in the Shizuishan area, Ningxia. A 16S rRNA-related PCR-DGGE technique was used
to analyze bacterial diversity and dominant populations at different depths to explore the causes of salinization and its
improvement measures from the perspective of soil ecology. Results from band similarity and UPGMA clustering indicated
that the degree of bacterial diversity in the surface (D<20 ¢m) and bottom (D>80 c¢cm) layers were similar and relatively
high, whereas it was low in the middle layer (20 em<D<80 em). The diversity indices analysis demonstrated that with
increasing depth, the degree of richness and diversity tended to decline; whereas the degree of uniformity did not change

considerably. Sequence comparison of five clones showed that the most predominant bacterial communities in this region
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were Proteobacteria and Bacteroidetes, whereas the remaining bands were not identified. The results of this study indicated
that the degree of microbial diversity in saline-alkali soil in this area is very high, and the predominant bacterial flora is not
the same. Generally, the bacterial diversity showed a linear relationship with depth, which is possibly related to the soil
moisture content. However, more profound and in-depth data is needed to support this study. This study aimed to provide a
theoretical reference for further in-depth study on secondary salinized soil formation mechanisms and their influencing

factors.
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Ko Jageit, MR 55% /9 23 3 A5 e T 5 L2 1 B AU 3X S8 i DR R /D, T 5l AR R R R —
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PRI > T R A > S A A I B> B RE B 2516, Bk 2 A5 4 N P 4% o VR W e | B Xt K R L
O E R HE A PR, TS 2, B AT ORER S 3 A v A R AR e - S B A TR A ) AR A AR
TEWASE S Jy T, RHR A R AL 3 TR UL A K A 26T 101 DR 30 3k 5 Ak - 98 4 R BRI S 4B AR

3 —I7 M, R PR YR AR T, th T S LTS R K K L BN TR] 5 I PR
AHIE Y S RUE YR T 227700 . 7ER]—Hb X [R] 23 1) - S U Dy Fp 2 Rl oA — A SRk 118
A MR PRI S0 Tn i b A B ) B U AR T AR P ol R R e 355 0 T RAT oy B S, AR T
B 2 38 BRSPS SR T U R S B ARG SR 05 1 W R B ARSI T LU MR R RO 2 A
ATERAR D R A A AR EE T UM SRR R T & S5 A B b 2 b

T 16S TRNA ) 5R G il 5% 2 s 07 -8 P A B B8 e FEL K ( Polymerase Chain Reaction-Denaturing Gradient Gel
Electrophoresis , PCR-DGGE ) J& —Ff 5 ZL 058 s A= W BE & 2 BEPE 0 7 ik L ARS8 LA B 1 [ R XA
A8 L1 DX AR 3 it 3 DXl R V5 1k 3 R A5 X 42, R A PCR-DGGE HEAR 43 B A [R] R BE - e 40 DA 2 i 2 e &
DEFARIHRE , DFFEERAG LIRS T LR My BT A AT 5T S A1 T 2 A B A HlE

1 FARREFERRE

A FE IX 3 A0 T 7 S U 3 XA 8 L R 0 b X WA A W 1) 22 R IR A A VEAL i M o A A (R Tt
RS2 SR Rl SR (R R AR AU ER TR 1, pH N 8.7—9.3, kB SO o B SR B Y H YA SF
FEAAERE T 2013 4E5 [ R 9R K M JEFRFEFE AR . HbBRALFR A 38°54'20"—38°55'25"N 2 [i],106°21'31"—
106°21'43"E Z[a] , A7 LU i1 & Ty KRl =, B K s e RIS 7 H 40, 2978 24 mm,,

T 2016 4 7—9 H A5 Xf ERGE b A T A SR AR . BEPLEEHL 3 AME A (S1.S2 F1 S3, Bl 1) R HE AR
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HEFT 43 )7 R AR, L 0—20 em,20—40 cm,40—60 cm
60—80 cm 4 N Z IR F TLRUR AL R A HERE A
PIFJZ IR S 1 (control surface soil, CS) JEZREG T
( control hybrid soil, CH) #1 48 # R Fr £ ( control
rhizosphere soil, CR) /E A X RE4H . i 4 AT b JlCAE (i
UK & by ] 5256 3 TR - 20°C VK AR PR AF, T
DGGE 43#7

38°54'18.72"N

2 WRFAE

2.1 SRR Y AR B

SRR S B FAL S R (KR ek i ALK B1 REAS%HE
SR B pH {ESE ) SRR R I E - 1 pH (HRY Fig.1 The map of the sampling sites

e E 3 #E PHS-3C Y pH 31 22 5 A (total

nitrogen, TN) &L (total phosphorus, TP) KA H H,SO, 1H - L @70 %2 ; 5825 1 (loss on ignition, LOIL) BRI
£ 105—110°C HET- A9 J5UBHE 1000—1100°C Kybe 2k L ryE i A 43 b, 3L B EE R AL B B I e S ( DL -7
AR, AEE0) M s B A 2 DR UL,

2.2 11 DNA AYHEEL

K Fast DNA™ SPIN Kit For Soil #&HUFE i 5 K 41 DNA | #:4E Jr ik 42 i B B 247, 42 HUH DNA £
Thermo NanoDrop 2000 #E474% 55 i & 5 e BEA
2.3 ZHTE 16S rDNA F Beiy PCR 94

DIRESHEEDRZH DNA S REH , SR 40 8 15 19 GC-338F i1 518R 4 HEkE 5 16S rRNA B 728 X JF 41, GC-
338 F: 5'- CGCCCGGGGCGCGCCCCGGGGLGGGGEGEGGGCGCGGGGGE CCT ACG GGA GGC AGC AG-3',518
R:5'-ATT ACC GCG GCT GCT GG-3'; 338 F: 5'-CCT ACG GGA GGC AGC AG-3', PCR ¥ Hi{KZ (50 nL) K-
10xPCR buffer 5 wL;dNTP Mixture (2.5 mM)3.2 wL;ExTaq(5 U/pL)0.4 wL;GC-338 F(20 pM)1 wL;518 R(20
pM) 1 wL; #H DNA 50 ng; #b ddH,0 % 50 pL, PCR ¥ BEFLF A 94°C TAZTE 5 min;94°C 28 1 min, 55°C &
PE 45 5, 72°C FEA# 1 min, 30 MEF ; fxZ 72°C ZEH 10 min, PCR 7*¥)% ] OMEGA /A &) DNA Gel Extraction
Kit 2fifb [Flsc, 8945 5 2% BB g BHEEIR A TR . PCR X Biometra 23 4 7= By T-gradient , #E f% h 15
1A Bio-Rad A H Gel-Doc2000 BEIE IS R 5 .

2.4 PCR YRy A6 FE BERC HL UK ( DGGE ) S I3 43 Hr

B 10 wl PCR W= AT AR MR FE eI LUK ( DGGE) 38T . SR A A6 i R 35%—55% Wk 7% (1)
RNIRHTEREEERCAE 1XTAE 2 0P 150 V 60°C T HLUk 5 /F, FLUK 855 R R Yu ik e, T 2D R UNT
1) [ 5E W ( Z 85 50 mL FIPKEERR 2.5 mL, £ 2% 500 mL) [EE 15 min;2) Milli-Q 4li7K % .20 s F1 2 min £ —
U 3) RS TR (RSRAR 1g 137% HIE 0.75 mL, E A ZE 500 mL) Y4 15 min;4) Milli-Q 4li/K ¥k 20 s 12 min
B—U;5) AR (A EALEN 7.5 ¢ F137%H % 2.5 mL, B & % 500 mL) (% 5—7 min; 5t FIZ R ( L 50
ml FIVKESER 2.5 mL E 2 % 500 mL) 28 1k,

3% 7 B2 H Bio-Rad A R B &E L & & X F Quantity One 4.6.5 X RE SR A A AR E S R AL Cs
(Dice Coefficient ) 715> Bt 2 LA fb 6] (4 A BUHE | X AE A1 45 51 R 3R A 4 F- 3 3% ( Unweighted Pair Group
Method with Arithmetic means, UPGMA ) #47R2850¥7 .,

2.5 BdESHr

ZREMERSBUR I BEIE R BOR A B A B 3 5] FE 25 A 46 b5 . DGGE & R | Quantity one 1%

Xt B RE i B R UK A B 2 B A TR AR 0T, Shannon F8EX(H) 1T FEEEFREL(S) A AIEE Pielou
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BRC(E) " S bR R LU AN R RE S B 2 REPERS L . S 8B FoRE i b Ira 2 50 H R e Ak .
S _ S (N, N,
H=- ;pllnpl = ; (Nj ln(Nj
o

H,. InS
o, pi SRR R — AR ISR BEFE AR T Ay B R BT 5 B EE R N O DGGE B P —JkE T
Sl BN R | SRR

D745 55K A DNAstar F1 Cluster JXPFHEFT I8 5007, T 2 AR R IT IIE I R G & B WIS H 7
Y, $RIF R MEGA {4, Neighbor-joining 72 #4 # 2 4t & B 8, H %L (bootstrap ) & 1000, PCA 43 #1%
canoco FIFHEAT

BT B 2 AR Excel T SPSS 19.0 #44-F Duncan 656 77 1 004 1850085 70 A1 b FERN 22 57 8 3 ME 40 #7 (P<
0.05 25 W) . FIEHE G BA MR TR, FRTE 0.05 K 25 A RE,
2.6 ZRAl AVIIE | v BRI T

G DCCE EIE , PR tef KA B4 . AE5RAMT N FHC I F R JJ R 438 5 19 45 N EEIE L)
IRk BERNRM T 50 wL Bk JF BT 4°C i, TS ARSI AR A5 19 338 ¥ #1518 R i#f4T
PCR ¥, I AR R AP FE 5 Z B AH IR, £ 5160) PCR F=#14: DNA S NG £ ( Omega ) #4745 4k
J& 5 v BEARAR (pGEM-T) #4245 2 (1% FHM: 7o b 6 1 LU0 FRA FHIF . KD F 25 - AE GenBank %1#
JiEH AT EE X AT

E =

3 RS54
3.1 HIERE S AR A R AT
A S BT 5E A A FRA M R AN FR TR R0 X 3R ) & K B ES.59% —23.64% 2 [8] , pH4E 5 7E

F1 RERAEEMERELER
Table 1 Distribution of the sampling information and physics-chemical characterization

BR Isyz:

Tl 5 TR E oK fLBRE . et
Sample No.! Depth/cm MC/ % Porosity ™ s LOL/ % pH
(mg/g) (mg/g)

1*, 81-20 5.59" 12.90e 0.39¢ 0.32b 3.65¢ 8.28b
2%, 82-20 -20 18.8¢ 36.66bc 0.46a 0.33b 6.18a 7.98¢
3*. $3-20 19.62b 37.9b 0.32d 0.63a 2.74d 9.06a
4%, S1-40 10.96de 23.54d 0.38¢ 0.27¢ 3.14¢ 8.03¢
5%, $2-40 -40 19.31b 37.43¢ 0.48a 0.34b 6.57a 8.22b
6" . S3-40 20.71a 39.5a 0.15d 0.6a 1.06e 8.89b
7*. S1-60 12.96d 27.1d 0.39¢ 0.28¢ 3.50¢ 8.29¢
8%. 52-60 -60 19.75b 38.1b 0.51a 0.35b 6.27a 8.23¢
9*. S3-60 23.64a 43.63a 0.2d 0.38b 1.27e 8.33b
10*. S1-80 9.76d 21.29d 0.36¢ 0.35b 2.66d 7.93¢
117, S2-80 -80 19.78b 38.14b 0.43b 0.34b 6.02b 8.04¢
12%. S3-80 21.28a 40.32a 0.44b 0.34b 3.36¢ 8.55b
13, CS — 5.65¢ 13.03e 0.34¢ 0.35b 5.78bc 9.17a
14%, CH — 11.16d 23.89d 0.3¢ 0.36b 5.83b 9.04a
15%: CR — 10.72d 23.1d 0.5a 0.41b 3.27cd 8.27¢

1 Sample No., FE RS sample number; MC, & K4 moisture content; TN, ELA( total nitrogen ; TP, JEME | total phosphorus ; LOI, Bl loss on
ignition ;CS, FJZIRA 1 control surface soil ; CH, JEE/ZTR A 1 control hybrid soil ; CR, fi ¥R PR 1= control rhizosphere soil ;b [a]— %1 H Y5 5 76
ARIFR A W3 2 57 (P<0.05)
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7.98—9.06 Z i), kb FHEPEAKF . SBESETE 0.27—0.63 mg/g Z i), MALE 0.15—0.51 mg/g 2 /0], +FEE Ny
TR ALBRRE 22 R K, DRI IR BERE 2 IR EE (AHL R 20 em 3] 80 em) AL i Y HEA AL 244
Z B 3 25 53 SRR RRAE S 2 (R 25 S K, R Wiz X 3 e 3 R 15y, Hoh R 2 %
FRALA S K AR H G, pH (RS , Shst AL RE BE A 5 AR PR - X R 21 %) 1 S BRAL 8 bR 5 AR AR PR £ Z [ 1% A
LT R X AR AR B X R Ak + A R R AR AN K

3.2 ZHE 16S rRNA () PCR ¥4

2543 966 BE VK U 45 BUR BE S DNA 9 0D,/ jggg}gg
0D, [HFIFE 1.78—1.95, UL BHHE I DNA Jiitd R4, 1] 2 Z?ﬁ:ﬁ
WIERBERERT PCR R, Bl GC-338 F 1 518 R % .
B1Hy2 5K PCR G 7= Wy 0 o 7k 45 SR I PR 2 T, % R

A/NE AT 165 rRNA-V3 XXHE R/ (29 234 bp) 4] E2 165 rRNA-V3 KAk SR M:DL 2000
[, HICAE R S8 38 7T B TJ52E DGGE 555, Fig2  The results of 16S rRNA-V3 region of bacteria M: L 2000
3.3 PCR WM PERS BRI FL UK ( DGGE ) $8 80 K11

Xf 3L 1 DGGE 48 8U RT3 LA KA R #3547 T
O3HT AR ANIE 3 B, Bg b DGGE &R i — A5l (AR —Fh A= 9, 200 AOR0H RO 8 T LSz e H 4
BRI AR 2 B Al T 1S Ai"@&ﬂﬂj:i;%%ﬁnnﬁﬁ—f SRS MBTE 4—24 ) Horp 3 RE S Y
ARSI R i 22 (24 5%) 47 TP 13PRE L I Sl Bl B b (4 4%) o RIRl R 3ERE L () DGGE B 76 8
R GRE IE(ET HIAFE R 1 25 57, 6 7 B A W Ly b DX SR B - 48 rh i S W AR R R R
15 AFTE R A R A, OF B AR S 40 R LS R AN S AR R . O B, R[] 3 ] B 8 2 2L R i 25l
SR X6 HE S (14 3 5t A (), U8 PH 3 e it 398 2 8] P BB A7 7 — Se LA A AN 2R A (R + 30k
TE DNA KV EA B 225,

!55 | EAAAAK |
i, Mi; |
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A
12 101112 13 14 15 Bl 53 s 261157 1413102 9 4

100% 34.4%33.6%29.79%621.9% 20.2%16.8% 16.6%15.7%14.5%14.1%13.6%12.9% 7.8% 0%

3 16S rRNA Zit4 B R A FR K B A4 (1 Quantity One 4.6.2 8
Fig.3 PCR-DGGE profiles and its digitized patterns ( by Quantity one 4.6.2 software) Numbers represent the bands excised
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3.4 AARIES BT

SRHTARRIPE R B Cs AYR/INAT LUK B BE 7% R 4 B AP RE Y 22 57, 56 T DGGE FIE Y 0/1 A MR A AH AL
PEFEREANZE 2 i . ANFRAAT DL H  FEAR Z ] Cs fHAE 0—43.6% 2 8], 13" Fl 14" FEAAE Iy X HRAL 2 [B] 119 Cs
B A=, i85 48% ;10" 1 12" FEAS Z [ A ARAIME REGR Z 0 43.6% , 1T BN FEAR SR 3 T-80 em 1Y HILZ TR
B DAARTR] M2 VR BE Ol FE 5, 6 -20 em HB )2, 17 27 F 3 REAR 22 18] (0 A B M R K00 9o 12.9% . 33.6% Fil
25.9% ; TE-40 cm HbJZ 4" 5"F1 6" FEA Z [ AR UME 2R B0 1R 31.5% .0 T 12.3% ; 7E-60 cm M2, 7" 8" Fil
OFFEAR 22 1] AR BUTE 2R B0 M 0.4.6% F1 7.9% ; T #E - 80 cm H1JZ , 10 11FFN 12FREAS 22 [0] A AR L1 2 550
B 33.2% 43.6% 1 21.3% , X EL2E FFB AN 6] 2 A REA 22 0] A AR R 22 S AR R, R ok, 72 36 2
(D<20 em) TIEFIIK)Z (D>80 em) - FEREAS 2 [a] B 3 AE DL PR 2R 000 8, R AR 2 ) 4 R P 1) 22 S R e
I, ]2 (20 em<D<80 em) - IFFEA Z (A1 A IPE R ECAR , R WAREAS 5 FEAS (8] 0 40 B A0 %) 22 5 B2

X} PCR-DGGE B FEDAF 0/1 JEFEHEATH) UPGMA RISZEF(E 4) o, MWEHATLIE 1 15 MFEAR R
R 2 A4 50 13RI VA REAAE R S — 43 3 HRAVE A8 — 00 3 T HW R 4y S 2 IRl R B Asie . i —
Oy SCNFRHE—2E R R 2 AW, ARIEAH U R SRR L5 S v w125 A5 R 2598  ADG TIR A 1 O P 20 TR 1R VK 2
FEMERRBEN 5, AN ) 2 R 3 - S8 5 22 ()40 PR R 22 1 R R X 2058 3 5 T R o = A 5 vl 40 1 A % 22
PRV R,
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Fig.4 The result of UPGMA clustering based on the 0/1 similarity matrix of the microbiota from samples
Dice Co-efficient ZU{E 7% 7~ AH UL P j(/J\; WK A NTSYS 2. 10e 2 ; UPGMA ; 3F TAL 4 3 35 1 unweighted pair group method with

arithmetic means

3.5 ZREMEIREU T

Z AR B ) FH B G v T 00 B B v W R B A A B B 45 W o 2 ) R R A T T IR T S8
Pielou 840 ( E $6%50) F T BEHEVE ThAS R Fh 2 5 43 A (1 341 20 F2 8 5 Shannon $854(H F8450) M=E EEH6 % ( S 48
B0 TP B I ZRErE  (E AT BE RIS PRI EEBCRI AR BE R B A9 38 200 L AR DGGE 3%
TR VB S K BT A AR MR B e SR R 5 s, MR & 2% R HERE i 2 ) E 48 5k S F8 87
8—17 ZIu), AE Ak K, SR RMER G, Bt M Z VR EE (360, S (Hi% 40 T W, BL7E-60 em HiL)Z TR B =F B (E R
At AEAR PR IR BE /DN, o AN B PR R 2 S 2 TR 2 () R AU 2C3C &R, Shannon F84X H {H7E 1.8—
2.9 Z ], AR fb#a#S S JSALL, 2 W LR PERR B Bl 5 M 2 TR A B I Wi AR . Pielou $5%% E {H7E 0.903—
0.956 , AE Ak BEAR /1N, 3 WA 45 b JZ2 U BE ARG I B AR 5 5% B2 22 () B SO R B A v
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10 14 JKAE 5 ANTR] - SRR X T B A0 W LR e 4 R T R 2 R T S 7
F2 WETRH Cs k% PCR-DGGE Big AR 4E PE
Table 2 The similarity matrix of the microbiota from PCR-DGGE 16S rRNA banding profiles by Cs index
2 12.9
3 33.6 25.9
4 0 24.6 4.6
5 16.6 26.1 20.1 31.5
6 20.2 33.3 14.4 0 12.3
7 15.7 4.1 7.7 8.7 23.5 4
8 29.7 10.2 8.1 0 0 16.6 0
9 7.8 10.8 6.2 2.2 28.7 34.1 4.6 7.9
10 13.6 4.2 6.7 8.1 13 2.9 32.5 19.3 32.9
11 16.8 21.6 15.5 4.3 29.1 17.6 25.1 6.7 22.2 33.2
12 21.9 4 6.4 0 19.1 9.7 15.8 22 41.2 43.6 21.3
13 14.1 6 1.4 14.9 24.5 0 20 0 1.3 16.6 17.6 14.3
14 14.5 23.4 15 26.2 29.5 7.3 10.7 0 1.5 0 24.7 0 48.3
15 34.4 29.2 10.5 0 26.4 38.4 9.6 17.6 10.6 11.3 39.4 7.7 3.1 13.5
1 2 3 4 5 6 7 8 9 10 11 12 13 14
25 -
20 -
% 15
e}
g
210
5
0
20cm40cm60cm 8 cm CS CH CR
4 ~ 1.5
3L
. 1.0 |
[} w
E 2 .
= m
0.5
|
0
20cm40cm60cm 80 cm CS CH CR 20cm40cm 60 cm 8 cm CS CH CR
B 5 15 TEARBEYERNSEEER
Fig.5 The diversity index of bacteria among the samples
" . o S S (N N; " H H
S index, FEEFEEL 35 55780 ; H index , Shannon 84U H = - Zpilnpi =- z N In N ; E index, Pielou Y5 EHREUE = s’ CS
n

FKIZIRA T control surface soil ; CH, JIEZTR A 1= control hybrid soil ; CR, F¥IARFR 1= control rhizosphere soil

i=1

T B PRSP F I E R G kS
DGGE & 257 M5 |, LL 338 F A1 518 R M5 |93 T PCR §788  PCR F=¥4lifk )5 iE 5] pMD18-T A&
A G BAPE SR . 16S tRNA-V3 XAHE F BE 4 DGGE 43 B 4 ), 4148

3.6
I, 74k & DH5 o Ji&
B 37 4557

=
4

i=1

max

B A HEAT TEREIN I | BT AR 3 A4 51 K /INFE 169—195 bp YL N . 7E GenBank %R 5 #i )% h
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HEAT BLASTN JF 41 LU s Horp 5 28055415 20 S H B T 2 AR 2SR . AR TR 4HTR 1] Proteobacteria FMUAT BT
Bacteroidetes (% 3) , Hor 4 25 (Band 6.3 .36 1 11) J& TAEIE A E T THY o, B Ay MEIT, HAY 32 485541 AR A
A,

Horpr 2 5 R AE A =20 em TIEIREEAE A1 27 (19 1S AE 5 B S5 Band 6 19 DNA J¥ 915 Marinobacter
persicus (NR_109110) B FFFI AU TS 100% , 153X — 2 WAFAE T 17 6" F1 15" L3R it i, U Y Lo ol 240 T 76 4%
KBRS 2 A0 6" FE S RS BN ST Band 3 5 y—ZZ TR AT 1 BY Microbulbifer okinawensis( NR_112917) F) %
SUARIIAEIR 989 , 3X — Z% 47 AT AE 15% 87 F 2° A il v T 37 - S AE &l (19 [ul e 25 4 Band 10 5 $UFF 3 1)
Bacteroidetes 1) Marivirga sericea (NR_112183) FFFIAILIIE IR 97 % , J1- 3545 76 2 3R S vP iR 321

®3 2 DGGE 5 ERFHIZE 16S rRNA-V3 7731
Table 3 16S rRNA-V3 sequence similarities to closest relatives of DNA recovered from the respective bands in DGGE gels

T AR A R (5 ) AR ARLBE
Band No. Closest Relatives ( Accession No.) Affiliation Phylum Identity/ %
27 6 Band 6 Marinobacter persicus (NR_109110) y—proteobacteria 100
447 3 Band 3 Microbulbifer okinawensis (NR_112917) y—proteobacteria 98
2537 10 Band 10 Marivirga sericea (NR_112183) Bacteroidetes 97
45 36 Band 36 Kofleria flava ( NR_041981) B-proteobacteria 91
2547 11 Band 11 Tepidicaulis marinu (NR_135865) a—proteobacteria 80

a Zi S S 3 TR XI5 b AU Hh e s DG BE JE e 91 44 B

K MEGAS5 %k Neighbor—joining By # & 48 &

ﬁr Band 3
ﬁﬁ‘j‘ , Q % ﬁ ( bOOtStl"ap ) j] 1000 , /% éjﬁ Z% ﬁ ;FX‘T }’lﬂ El 6 97 Microbulbifer okinawensis NR 112917
- Band 6
38 _|
Fjl“/“l_\‘ o 100 L Microbulbifer persicus NR 109110

Tepidicaulis marinus NR 135865.1
Band 36
Haliangium tepidumgi NR 024781.1

4 Tig

ERTRIIE S A RS | L A — MBan'd.lO I
100 larivirga sericea
LB A IR A e IEAF R B X Btk 0 b 1

0.05

PR EE IR, FE b AR 1 X e R e R 15 1 AR —_—
4600 km”, 7 SATBY 50% DL S TR EEMBELE  me pocE misssEusiem 165 rRNA RE LR
et Ehor RRBEH ZHX TIEETLAYEE Fig.6  Neighbour-joining phylogenetic tree of the 165 rRNA
LM, — iz E T TR X  [E/KE/NTF 7% obtained from retrieved DGGE bands
JhE R ARTEK R S0 B L R AN A K 2 AR T AR
RAEHHERZ 75382 IR ) — N S AR, 3 AN T /K2 S A5 K i PEER B /K DA e
AT RAL  FEAREE A A B, P EERAUR . R A BN Y B AR AN 1 AR g — 2P R T e
btk

LI IR 2 5 A 25 R G P RO DA PR K RE R AL, 5 R A TR PR AR R DIAR G,
FAELHAC Ty AR 2 — LIRS SO 2 B E AN AR R AR B b ok E 1 AR Wy s BR AL~ 106
P - HEA LB JR A B SRS Sy AT L SR A 0GR A AN A B ) 4 b B T
e i L3 2o B S 0 7 3 AR A [E] 5 ) b S W ) R AR B S B SRR WA R B B
Py SRR A BRI 225 LB AR PR B (R AR RRUE R A KA IR RS, xR J=
TR R T2 L, HEPEEAYR S RS, IR SRS =, A A REIE R AR R, 2t
A P RS M) 5 R 1 2 40 TR IV PR, L TR L SR Y5 A P03 I AR G S50 — 261 130 h A3 T 1 A
T YB B RGO S R G W R RO A, 5 B0 ATl A 1 o 0 Tl ) B DR A — R, 4
R R R S e A A R B U SCOC R AN AR S A LS B OGBS
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10 34 JKIHE A5 ANTR] SRR BE T T A W 1L R B A0 TR A AR B R 9

R T B N

MR T X R 5 3R U M E SR AR A D A RIS 2 A T B M X AR Ak -
A R R AN A LR R R R B S X B OB R 5 Ak R Rk TR AT 0 S O 3 1Y
WP 545 SR W, LA RS AT 075 14 0 B A B 5 T ( Strepromyces ) , T A5 R0 11 Ky S JC KR B (Amycolatopsis )
i 6 A BR R 1 BT ( Nocardia ) , Fo b8 25 5 5K B8 ik RN S5 816K 359 0 L35 FQ B ( Nocardiopsis ) ™ i X
B IX AR AYER Ak 3R 00 /b s | - BEER BAL AR FE AN ) St 5 ik 4 o L ) B oG . R EE h Ak 4 4
A R ER R R R 2 5 LU T EEER AL R B AR A 8 O HER T - iR B A R R e B A B
A R AR i R MR BRI R A AR B LA S IR R T SR R Y L S E T R
Bl 3 b 2B R AL AN TR | 2 5 BB R

F T PCR-DGGE &% HE 0 Sz e R Tl o+ AN B 16S TRNA A9 2R | RIAT 78531 7K 7 52 ke 1 358
YN FPRFSSF) 2 FE0E 7 HIEA SRR 12 N . 7E DGGE 4881 1% v, AN [R5 1 25 7 AR AN [R] Ay 4
BRI TR 5 I 4501 B 0] S e s R TR) A0 R 2SR AR R i 2270 L EAS TR Gk ) — A6 1 97 8 1) S T) 4t — P oA
SRl AP, . AT T SR B A SR B 45 DNA |, FI A PCR-DGGE 4 AR 43 #1 AT
HiJZ R R B P E AR BRI R, M DGGE &3 1T LAE L, 7 AW 1L b X SR B b - SR vl 43
F| 4—24 ZREM A , UEIIZH X SR -3 P A7 5 (R W 08, 0 B 2 PR EE R R, AT BR 4
KF, RZRA T (CS,13HEA) SR B AR, B3R (pH>9.0) , HAH T 925K 4 78 B 1% 4y Bl B A7 7E
HH A 45 34, 2 M IX 36 2 e P 5k A0 B R W S, P PR B X6 KR o Bt A s e S B M LA I
SR, 2R A T (CH, 14" BEAR ) AR PR H3E (CR, 15" REA) (IR 25717 =F & AR 22 91 H 5 B 7 i ] 2%
VLA 2 - ERARPR 30 R R — R LB T3R)2 14, X — 255 7 B b X ER i 3% )2 3k 43
DU PR A T 30 0K 4

— EL AR, VA S AT b DXt 3 35 5 X 0 1 R B, - AR AR IR BE ) R A R A AT o S A )
R, X R AR IR B AR R TRl . AEASIFSE T SRR AR I A AR Tt 25 50 2 AR T T FEA
Be ok AR GE 45 A — o FE T 1 52 R b 3 7 U 114 0 S8 it o o035 3% b X 4 8 AR S IR (VTR 22 3
SEEG AR REAS Z ] (AR DL PR B 2 SR B R R 25 A R E R J2 (D<20 em) HIEFIEJZ (D>80 cm)
SRR AR 22 [R] 1 4 AR 0 A (RL PR AR A e (22 SRR ARG ) , T (]2 (20 em<D<80 em) T IEREA Z [H] 4
PRFPEE AR RIPERAR , R 22 R, ZRE R S, AR [ — 3R BN TR i =2 ] G Sy B0 K
H2E SARK, U B A A 22 AR, BV U, Bl A - TR B 8 o, F - 3 A B R A 1 e R 2
FEMEARBOIRAE BRI, (AN ] EURE A 0 3 ST S 3 45 RS AR K

XF I FRAT AN, R T BRI IR EK A OGO UL, TIE A K A 2/ S e AR BT T B v
T A PS4 A R 20 MBS ) o s 1 T R SRR E M BE S AEE B SRR T 3SR S AR S R
SR e IR P 2 R AEAE B B AR OC R . AR RAGROT IR b it -+ 3 73 B 26 B, K2 b8 4m 40 pH |, +
A E AR SR AR RS, SRS R WS D BRI R ARk 7 g R R
CIHE O IR A T4 R W R R AN AR S R — e R X 5 IR R R, X
24 1 ) S5 AT B ST R AT AR KA SE 2R, e T R ARBBUHL X, T 12 3R KRN 26 J2 T W A5 A A MR VR D A5 4%
TREE SRR AR R AR, M3 22 R AR K, 7R3 2 X (D<20 em) , fH T FRGHIG 3 2 BURE &
KFEE KRR I RTR A YIRS sl T SO 25 55, A5 SR A A 22 [ 40 B D R 10 A R A B 2 o Bt o
i JZ TR AR T, 35 K AR X U e £ K r A TR IR 8 B 5 2 47 PR e | S — P T R, B A
PRAE A P A b8 s Z AR REARG s PETR T 2 vh (D>80 em) |, A= 338 FLITRE ARG £ 5, 38 ] B 4 Ok (10
K IR AR AR | X SR A TR PR B TR S SO A U R A S W — A B R R, R
M, NSEBG 774k B, T PCR-DGGE 7E43 0T - HEAH 18 2 FE M U7 1H 43 BER A& , ZE T DGGE 7 i3 iy AR AL Fn
UPGMA RESMIEs A K2 , (25 RSG5 A 0] (5 BERRAR . 785 e 58—y 1l ol DA & X b
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10 JAE = 39 %

IRIBORE s AR 7 1 R | 80 S 30 350, A ) DA v B R LA, 5 — T ] AR P B8 vl 6 I 93 B
Heift— B TRAKXIST

ABIFFE X 3 AR 3 25 22 VT [mUAC s R 1 235 SR Wb s, 2 R i, + 38 vh = LS8R E S A 78 2 >4
B A4 ] Proteobacteria AT ] Bacteroidetes , WAMAA 32 M H KW BHE T AR FRH ., 48
TE BT VAT BT T2 A8 T RN DR i A Wy v 1) F- 2R e | AR5 3R WX A sl A W P2 A 3 4k + 438 3F
B AT Tz A RN AT DR B R i A S 4 SR S S 4 R R T R E T LA RE S
Fr a R MERRAT Al IR W) BRI RN A 3K S B R A S 0 T 5 A LT = R B 5 A A o PR B e A
TR . X X BEARF TR R T FEAALREIE — 20 = 5 s ER T E Mt U, Ty ELXS T Eh it 25 i Ak 350
BRI AR 25 e Jre 4y T ) I AR B FE B R 3L

BT 2, AW R AT 16S rRNA 19 PCR-DGGE $ AN 57 2 A7 W 1L 3l DX AT b A ) 0% B2 - e 1) 2
EIE ZAEE R PL AR E AT 0 AT IFSR A RAE — @ PR T LR 1 i X3t A JE AL il = — AT REJE R 2
R A ER 3 HERR O BN T FRBE IS S0 T et T AR B By — @ BRI

BOOHE, AR, IERUE M SRR ST O k. N AR A AR, 2004, 15(5) : 899-904.
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