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Diversity and speculative metabolism of bacteria from soil of
Jinsha earthen site
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Abstract: [Background] Jinsha earthen site is considered as a large ritua site in the Shang and Zhou
dynasties 3 200 years ago, which play an important role in ancient culture and history. But now it has
exhibited different degrees of degradation under the influence of physical, chemica and biological factors.
The effects of physical and chemical factors have been reported, while very little is known about the
influence of biological factors on earthen site. [Objective] To study the microbial diversity and metabolic
characterigtics in Jinsha earthen site soil, it is important to provide scientific evidences for the conservation
of Jinsha earthen site. [Methods] Four types of representative samples from Jinsha earthen site that have
undergone different degree of degradation were collected to analyze the microbial diversity and metabolic
function by Biolog plate methods and denaturing gradient gel electrophoresis (PCR-DGGE). The degree of
degradation of samples is followed by J4>J3>J2>J1. [Results] Biolog analysis result showed that the
function of soil microbial diversity was significantly varied in different samples and the order of microbial
metabolic activity was followed by J2>J3>34>J1, implying that the microbial metabolic activity of samples
showed an increasing trend with the degradation of soil. PCA analysis of Biolog indicated the utilized types
of carbon sources by soil microbes in Jinsha earthen site was significantly varied. The microorganisms in
sample J2 could utilize most types of substrate carbon sources in plate compared to that in other samples, and
the preferred carbon sources of sample J2 was obviously different from that of other samples. The bacterial
diversity and structure of different soil exhibited significant difference by DGGE analysis. The order of
microbial community diversity was followed by J2>34>J3>J1 both in DNA and RNA level and the PCA
result of DGGE revealed that the total and active bacterial community showed high consistency except
sample J1, which indicated the microbial diversity increased with the degradation of soil. Based on the
sequence analysis of DGGE, the magor community of bacteria in soil samples were belonged to
Actinobacteria, Acidobacteria, Proteobacteria and Deinococcus-Thermus. Rubrobacter and Brevundimonas
were detected in all samples, including DNA and RNA level. [Conclusion] It is first time that microbial and
functional diversity of soil from Jinsha earthen site were analyzed in this study. The results exhibited the
microbial and functional diversity increased with the degradation of soil. The genera Rubrobacter,
Tellurimicrobium and Brachybacterium that were detected only in degraded soil samples or had high
expression activity may be involved in the soil degradation process. The results could provide theoretical
basis for the scientific conservation of Jinsha earthen site.

Keywords: Jinsha earthen site, Biolog, PCR-DGGE, Bacteria diversity, Metabolic characteristics
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AT 38t bk 45 A D DR A 5 = S 3 o 0 35 ik
TIEP RO AR R R A R . KA
e IR ARSI T, X R TR TEY)
B AbEVER B, X A I R AN A DG L,
A5 Kl PCR-DGGE 5 Biolog #4561 11247
MR LIRS T 400 stk e - i A P B %
SR N TIRE, ARREA SO AR 4 VD 1tk
HEFRIS AR

1 RS HE

11 #H@mE&E

2017 4 10 H 30 H7EA VD Lasthbast il i, A4
Ttk M PAPIRAS, B H BT PIR I R 22 I 5
B XS AR, TS X sk RS
BRI IATR], BERE 4 S HA R EMEL B (4 R
FEALE 1Y AR EE R, 34>03>02> ) A T it R
Ko RN TRATRE I RAE M HA RN, R
{7 B R 5 A S TR R IR B SRR T
B, ST EVE TR A PRIRAS, A 15K
5 % B 20 A TAH G 24T
12 FERFIFOMEE

Biolog-Eco#z , Biolog 2\ i) ; FastDNA® SPIN Kit
for Soil, MP Biomedicals 23 +; RNA PowerSoil®
Total RNA Isolation Kit, Qiagen 2 r] ; RevertAid First
Strand cDNA Synthesis Kit, Thermo /A /]; PCR 5|
Y. B PDIGATT £-UNIQ-10 DNA #lifkidsl £,
A TAY TRE(EE)RBARAFR; PCR Mix.,
pPMD19-T, Ki&F =W THRARAF .

B R B ML, Eppendorf AW AESIL,
Scilogex 2~ ] s PCR A BEIE RS A . H ik {2 . DCode
DGGE System, Bio-Rad A +l; ZINfEEGHAY,
Molecular Devices /A ] o
1.3 TiENMAEIEE S N E
1.3.1 Biolog-Eco ##1E 7%

K H Biolog 7~ w4 7Y Biolog-Eco 3~
I3 B[R] 95 A0 AR BE A 35 v 2 B RV R AR AIE o

Biolog-Eco M & 31 Rk 5 1) A 254, B Ak IR
3N, M 4°C kU T3 IR i 30 min
5 FR 10 g HHERES A 90 mL Jo R AR FEER K,
FEIRIRY 30 min J&, HIRSEAGHIR 5 mL #W,
A%AT 45 mL JCR/K I = ffH iEf T 100 f5F R
1EE T/EG M Biolog-Eco FHr 4 /ML InA
150 uL FOFES:, BT 25 °C lHIRESE, B 24h T
K> 590 nm- F1 750 nm B Biolog 34 %L,
AR R 7 dT),
132 RERIER KT

2% HERE L A0S X468 {1 (Average wel | color
development, AWCD)it5 ik AWCD=Y[(Ci—
R)so0—(Ci—R)7s0]/31, Hort C 2% | KO FLATI G,
R X REFLAIROG(E , 31 & Biolog-Eco #H AU Y
B,
133 WEMSHMEITEREREITHH

TEHL 72 h 25565 FE (B (AWCD) AN ] - 5
REMS T E IS AR 20
Shannon #5%(H )=—3(P;xInP;);
Simpson Z RS EL(D)=1-3(P)?;
Mclntosh ZHEMESRE(U)= /> n?
K PORHE | LA G 5 A AR XTI
CEEAE SN EEAE s n J2 58 0 FLAYAEXT OB E
(Ci—R); I 72 h ~P-X 0% B2 {H (AWCD)) ] Canoco
5.0 SEAT LA W HE TR i DA AR IR 19 32 84 o T
(Principal component analysis, PCA),
1.4 PCR-DGGE 4r#f ittt HI1EREM S 14
1.4.1 5 DNA F1 RNA 2B

PR 0.5 g I3k A9 BEHRA T T FastDNA®
SPIN Kit for Soil #£Ht+ 15 DNA, 3k15# DNA
T-20 °C TR H . HIEAEF I RNA
PowerSoil® Total RNA Isolation Kit £#H 11 RNA,
STARASAY A RNA F42 18 Thermo 23 71387 £ RevertAid
First Strand cDNA Synthesis Kit 18] B iE1 7 [ 5 5,
159 cDNA F11 RNA F-80 °C {474 .
142 PCR /&

KFAHIG PCR X Hir v Bt ird 4. 55—
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PCR ¥ 1195 |¥1 4 21f (5-AGAGTTTGATCMTGG
CTCAG-3)#il 1492r (5-TACGGY TACCTTGTTACG
ACTT-3)1 &5 — 48 Bt 5 19k F-968-GC (5'-CG
CCCGGGGCGCGCCCCGGGCGGGGCGGGGGCA
CGGGGGGAACGCGAAGAACCTTAC-3)fil R-1401

(5-CGGTGTGTACAAGACCC-3)\ 2 | Wit PCR
JEAR G 20 Gu & gy B AT
PCR =¥ 1 1.0%M B fis i Fa ok kil , H Ar v Bk
/N2 500 bp.
1.43 PCR-DGGE P&l 55 & Eig o 17

DGGE W& EERRE R 8%, AN
H 30%-70%. BERARGIVELFZ )G, HBEBMASH
IXTAE FHLIKAE 1, FLERE] 60 °C B St . AL
A 20 uL PCR ™), sikEsemi)a, 5650 V sk
30 min, 4RJ57E 60 °C. 180 V FHijk 6 h, Hijk&h
T BCR RS, 0 AR Y vk A T e 0 DS A T
B, >R M Bio-Rad /Al Quantity One #4{4:(V4.5)
X DGGE 45l #1874k s34, PR 400 ListhbA
] 45 At T i A W R T 4514 o
144 DGGE &FMEFERRAZLZESH

¥ DGGE i H i L 3445t FRE Ak 1Y) 25t
YIE, MG L& /KIS 3k, I 20 uL %
BRI, FHLARBCENIETT PCR Y1 .
FHES 2k PCRY 385 A5 141 (Ot GC & 3)i#k1 1 PCR
i, KRR 142, PCR =¥/ UNIQ-10
DNA 4lifbistil &bt ralifh, 2 5 & =AY Fl
() pMD19-T Vector 71| & T vl o PRk 11 piivE
P2, 0 A T AR TR (R By A PR
ANFISERN. T F4E S BLAST #F7E GenBank
s e AR BOR LB 55 = i P4, SR {8 MEGA
7.0 5% FH Neighbor-Joining J7 A8 R 50 k& B Y,
B A5 3 ) P81 452 GenBank BUiJE , &5 N
MK 379976-MK 379996,
2 BRGS0
2.1 BiologiXIE4ER
211 EYEARREHEE

AWCD B s B 1 i I 3 i A= I TR 7 /K

XN IS A R AR T, T RRACIE 1
INTAE I RETR Gl AR R Hh e 22 . R 1]
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TEREHRTE, RIIRFES R 0804 Dyl
FIRRE I AAEZE S, R PR e M ARG
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HAE P T A
212 HEMEERIER AKFESH

Fiedb 2k i Biolog-Eco AR b 31 Rk
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K. MRS . REREAREEN, [/ 2 0 4R X
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RN, RFERE S HEGE YT 6 KR
AR R SR8 R -85, (AR A ds. £
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Figurel AWCD changeswith incubation time of different
degradation samples
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Figure 2 Relative utilization ratios of 6 kinds of carbon
sour ces by microbial community in four soil samples

WU LSRR A 25 5%, A RS Hh e
PRSI M2 BRISA RS T BAES,
1M 38 KESh I A M0 e 3 Rl IR A A R
M T 4 FESh 8 AT H e 34 1R,
J1 A SR P A B IR G R TR AR AR, R
] 45 AR AS T 3 W TR AR D RE R B AE 1
25t
213 BT IR MBEEThRE S HEE AR
FHEEETE%. Shannon $5%(. Simpson &
BRI Mclintosh F5 806 AR5 RS T H3EMAEY)
FEE I REZ PR AIEE T LS. R 1R, £
B A M REVE QI I e 2 RE MR B AN TR 45 1Rtk
BTHE—EAE, J2 5 IR O R A £ &=
FEFEE(S) . Shannon 5%k (H"). Simpson 5 %(D)F
Mclntosh F58(U) LB ey, 5 AWCD {EFfR;
FREF IR AR fL 2k RN, SR — 5, HpEE R

x1 WEMRESHIEEL

Tablel Diversity indicesfor soil microbial communities

(SF1 Mcintosh 8% (U) i 2 5 TH B MG, 4 Fi1 33
T EMAEESERBOEES T A
(P<0.05), M 2 H3Ere i P E R EE,
WRUR R R i, TR, AFS RS T -5
A REE O RHEAA A 22 5, WUl & 7> L atht
T RS S T B2 B LIRS LR
214 Bt HIEMEMKRERENANERS
ST

TR M RE % UL H 2 B R Ak W RIS AT
T — BB YA FH A D 42, 5 Sk BT 9 1 5 )
RISk A5G, U BA A P L 58 Al R B S A D

TPl 3 AT LA MY, AN [RRE 6T e I8 ES 0 1) ) FH
A, 4 AFEFRERT UG Ak 2 Al —2K
g R A, AR RIS : E2 (N-19%-D-
HiZWERE) . D2 (D-TH 88 lE) . GL (D-£F4E—Hf). C1
(L3 40), D1 (i 80), HH B2, D2, G1 MK
k&2, Cl. DL RWZRYIZE, 5H—Fh A, B,
JLRESL, X 3RS P ET Sk 1B —3, LB
TR EIBRIEA « E2 (N-ZB:-D-#iZ4i%) . G1 (D-
LF4E %), B2 (D-AHH). HL (o-D-FLF¥H). B3 (D-
LFLPERERR) . A2 (B-F 2L-D-H#jA M) . C1 (iR
40), D1 (ki 80). F1(JH-H), HH E2, G1. B2,
H1. B3. A2 Nf/Kfba#2E, C1. D1, F1 hZ
R, 4 A ishk R TS i e ok 4k
GEURURZRYEIEFI R, SRE55ES
U VIRV BRI A 3 s R — 3, BT
it HR R TR K AL A 0 R 22 3R 40 04 i A B R
TR P 2 e T A I A e

EELETRS F R ZREER R ZREER L ZRER L

Sample No. Richness index (S Shannon index (H") Simpson index (D) Mclntosh index (U)
N 11.33+2.517c 1.470 5+0.086 04a 0.995 1+0.003 37a 0.338 4£0.017 92b
33 18.01+1.732b 1.489 5+0.087 80a 0.995 9+0.000 87a 0.420 0£0.043 45b
2 28.67+1.528a 1.500 6+0.528 40a 0.996 2+0.000 40a 0.651 4+0.167 57a
il 6.67+3.215d 1.468 1+0.205 80a 0.994 9+0.002 69a 0.346 8+0.118 18b

T: =3, AR IEARER , A FRORFE i Z A7 25 4 22 57 (P<0.05).

Note: n=3, the value is the averagetstandard deviation, the difference in capital letters indicates that there are significant differences among

samples (P<0.05).
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Figure3 Principal components analysis (PCA) of different
carbon sour ce utilization by microbial in four soil samples

2.2 PCR-DGGE i#I& %R
221 &bttt tiEDRMAE DGGE BIE R ZH#
ey
ﬁéiz%%‘%f%éﬁii%zﬁ'éfe%ﬁﬁiﬂu
i1 DGGE 4447 it 2 e oM A4 vb st b
AFEFIRET 537 $2HL DNA Fl RNA,
PCR ¥ 1= ¥ E4T DGGE Z0#r4s B R (K 4), M
FRES P A B AN 250, ANERE SR A 250K
TSR TR A . NAEAR A S5 B ok
F,J2 THEFEALTE DNA Fl RNA KV IR R ZH)
SR TR, MR RO 8 2 F R
(B 4), FEih IL 554 E DNA Fil RNA /KF 1

®2 IEHRPEERESHMHEY

Table2 Bacterial diversity indices of soil samples

J4 14# LI I N oA I |

B4 a4
EE.J](%%
Figure 4 DGGE banding patterns of 16S rRNA fragment
from four soil samples

7. Hh 34-01 5 DNA, -01"% RNA.

Note: J4-J1 belong to DNA; J4*~J1* belong to RNA.

i &Y 16S rRNA EF FE DGGE

HRE A, RNA ZKF ERZ5H B2 T DNA 7K
-, P %ﬂﬁnn B T T B AN R AR R B
—(% 2.

WA DGGE LK b S5t Bl Ak 45 SR ik
TP RO T, Wl ZAeEE s mH) . s
THE). 5 mﬁéﬁz(D)u&ﬁE%rg“TE%&(c)%ﬁﬁ
YIARRI LIRS T &AM A SR T T 455
ST (FE 2)o SEHRFER, 7E DNA A RNA /K|, 4%
- SR S R 2 TR 1 S T B R A AR R R R
Z5 . 7€ DNA /K |, R FESBAE 2 rErETa %k

e TR S AL EZ LTy B EEHR R AR AL DL BEFEEL
Sample No. Band Shannonindex (H')  Evennessindex (J) Simpsonindex (D) Dominanceindex (C)
DNA-level N7l 23 3.22 0.996 0 0.955 4 0.044 6
3 23 312 0.995 4 0.955 4 0.044 6
J2 26 3.36 0.996 1 0.9619 0.0429
Ja 22 2.87 0.992 1 0.9522 0.0478
RNA-level N2E 20 2.95 0.998 7 0.9487 0.0513
I3t 19 254 0.995 7 0.9470 0.0530
Jo# 24 3.08 0.9989 0.9571 0.0387
NIE: 6 1.58 0.9932 0.8291 0.1709
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RS AT A R PR 2 B S DNA K —3
LR, RIN 2>W>18>01, LA & ER RS,
RSN P 2R TR, RSV Lk
HEH A0 2 RE TR 2540 52 -3 fb s g, ]
REXT T asthk i IR AF AR TR

iz 1 CANOCO R A4XF K i B A A R Vs 245
FHERT PCA 43H7 , 45 UK 5 iR, 2 #5409 DNA
FIRNA ACERSRAE T —2, HAR&H S 7E DNA
K FERAE T —i2, MifE RNA K 4 A48,
Hor 1 PR 25 iR, BT 32 RS BVAZH TR
T T 8 R R 1 200 TR RV 25 A AT 0 R i — 50k
7T S i 118 A 2 TR 5 45 ) R A 4 TR
SR — B, I AR I — B A

222 DGGE £WMNFRASKLEE 7

CEV S =IO o 2851 o o G ol 1|

¥ 5, HL308 21 40550, A 7415 NCBI S
i BV SIAR RIS 7E 98%—100%22 7] (% 3). 4%

e 3P, Fasthb AR Th AN T JE 44T
ZR 1] (Actinobacteria) . FFF 1 ] (Acidobacteria)

e
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Figure 5 Principal component analysis (PCA) of DGGE
banding patterns of soil microbial community in different
samples

3 FHEYWFTIEITEER
Table3 Phylogenetic identification and distribution of bacteria excised and sequenced from DGGE bands
e v o o N

il AR s SRR LR A S (R) IHIES
445 Band appearancein different samples  phylogenetic group al i I ———— Similarity

BandsNo, ¥ W B B 2 2 1 I (Phylum) osest relative sequence in GenBank (Genus) %)
1-2 + + + + + + + — Actinobacteria Rubrobacter sp. (EU512989) 100.0
5-1 - - + + + + + - Rubrobacter sp. (EU512989) 99.0
6-1 - - + + + + + - Rubraobacter sp. (EU512989) 99.0
6-6 + + + + + + o+ = Rubrobacter sp. (EU512989) 99.0
8-1 = = = = = = = g Rubraobacter sp. (EU512989) 99.0
5-2 - - + + + + = = Rubrobacter bracarensis (NR117640) 100.0
5-3 = = = o= = = Rubrobacter bracarensis (NR117640) 100.0
5-6 = % ¥ = & #H = = Rubrobacter bracarensis (NR117640) 100.0
6-2 = = ¥ # F @ = Rubrobacter bracarensis (NR117640) 99.0
6-4 - + + - + + - = Rubraobacter bracarensis (NR117640) 100.0
6-5 + + + + + + o+ = Rubrobacter bracarensis (NR117640) 99.0
7-1 = = # # = = # = Kitasatospora aburaviensis (MK 138636) 100.0
5-4 = o= e = = Brachybacterium paraconglomeratum (MK249686)  100.0
6-3 = = # = F # = = Brachybacterium paraconglomeratum (MK249686)  100.0
5-5 = = = + - — — Acidobacteria Tellurimicrobium multivorans (NR146026) 99.0
2-2 + + + - + + - - Deinococcus-Thermus Deinococcus metallilatus (NR137265) 98.0
8-2 = = = = = = & Deinococcus metallilatus (NR137265) 100.0
3-2 - - + - - — — - Proteobacteria Burkholderia sp. (KU323 02) 100.0
1-1 + + + + + + + + Brevundimonas vesicularis (MK 045801) 100.0
2-1 + + + 4+ 4+ + o+ o+ Brevundimonas vesicularis (MK 045801) 100.0
3-1 o= % = % = % = Uncultured Burkholderiales bacterium (JX493018) 100.0
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SEHERTE - E ] (Deinococcus-Thermus) . Z8FE 14
I'] (Proteobacteria) ; 7 A~ J& 4 il 2 41 4 4 1 )&
(Rubrobacter) . dt B 71 /& (Kitasatospora) . &R AT
7 J& (Brachybacterium) , Tellurimicrobium, 5% Bk
% J& (Deinococcus) . 111 7a [X 4 J& (Burkholderia)

Je I B T )& (Brevundimonas), AL 7 ANJ& B4
WTE DNA /KF EX¥AR S, a5 KR #E .

Tellurimicrobium #1  Uncultured Burkholderiales
bacterium %A 7E RNA /K- Fki i . Ib4k, 75 DNA
KL, LR . REREE . N
P TE A AR R AR, BRI 8 4 R
{AE 32 A1 3B KRGS FPAS H, Tellurimicrobium {XZE J2
FESh R A v IR A AR B AL A .
TE RNA K- b, Z1 A0 T2 T R i B oo 4 T
W AE A LAt TR ARG, b EE A e 4 TR A
TE BFEA PR, RCRAT R R A A J2 FEanh
R b B 21 50790 A 11 AHJE A @ EE,
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-1 (MK379984)
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5
5
5
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1-2 (MK379978)
6-4 (MK379993)

& SR 52.83%, HAES MRS s 4%
(K15, 3 3). APREW, AW H AR LA
(22 5 0] e HB RS T AR EE AN R G, 1
& RNA 7K H A4 T s (A G
3 gt

BB DA A T R R A
A A AR ARG S E BT R, Rl
SRR . B R 1 R RN TR $3
HEATR BB, L 3gthk S Ok sz 2 AT 69
FAMIE I SCTE, BRI RIZEERA . SR, HETA
PSsbi:s okt VPR ce -3 U iR X7/ N o ISE D0}
asthk SRR, H S TR A+
181 | NI G N G197 LT A P B 81 41191 S/ 3 L
VIR, Rl AP st 4 A R TR
SRS OCTE . AV List bR g e X L sthl
RIS, HATE HBUARR R SIS, i

6-2 (MK379991)

Rubrobacter bracarensis (NR117640)

Rubrobacter sp. (EU512989)

15-5 (MK 379983)

1-1 (MK379976)

2-1 (MK379977)
57,7-1 (MK379988)
Kitasatospora aburaviensis (MK138636)

33 6-3 (MK379987)

5-4 (MK379992
3-1 (MK379981)

98 " Tellurimicrobium multivorans (NR146026)

9% |Brevw7dimonas vesicularis (MK045801)

o4 Brachybacterium paraconglomeratum (MK249686)

Uncultured Burkholderiales bacterium (JX493018)
3-2 (MK379982)
07 67 ! Burkholderia sp. (KU323602)

2-2 (MK379979)

—
0.01

98
|_| Deinococcus metallilatus (NR137263)
71'8-2 (MK379980)

6 €1t +IEHESR 16SrRNA EEF58 RSkt

Figure6 Phylogenetic tree of 16SrRNA gene sequences of soil samples from Jinsha earthen site

H: WRRIGHES N R R XA UT PN TS, G5 S 365 N I At FE R IR PR rp (1 B S5

Note: After the strain in parentheses is the closest relative sequence in GenBank, after the number of band in parentheses is the sequence

of band in GenBank.
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S asthk rh AR YIS SR TE S RE AT, XA vb
stk B AR, IXEREAF AT ERTE . I,
AWFFE R Biolog 5 PCR-DGGE HH&E & 7 B
AV Tt P VIR S, AT RcE )
RRFACBIRALE , $87R 000 HasthE G VT 1)
WAEPIRRE, &b Ltk RA ORI B HE KA
Biolog M-l A Sy — il s e PRk i) il 2B A
WA, TN THREREYRI | Ak
WA, R SO E SV EN], TEADE
5, Biolog SEEGAS KN, 4 DR E A
MoK AL S YR LA S 2 RSk, BLHTH]
FHIX 2 Sl T IR AN TR 22, HLIX Sk -3 TR 1Y)
HE PRI ShBGHR  S EP R R B K AL
Yrg IR R EE WA Z—, 25 HIEA
MUY 10%-20%, 2+ RUAE Y 2 AR
FIBRIE , SHUEDTEE BB MR, R
R R Z R AR AR . F
O RN, AR IR AT BRI AR A
Fr 225, AR BRI B Aok Ak & W £
R, ROV YR B IR 1 i 4715 e 26 A7 (0 B
B RRARSG, AN [RIAT: i D S AR B P A A ] ]
EH BT R A T 2. i T Biolog
HORFAE R FUE L3 b AR KPR s 8 R e
TG PE, TASRE S B 13 rp A RG22 U AT 5 R 1
A= PR R I Biolog HEAR KT Y HUAE R 1
H A A RIS RRAIE , EEAR A AR T 3 )
BRSBTS B AT 7 1129,
PCR-DGGE SL4a 45 1% W], AR HIEN T +
SR TP RO A R RELLSAFAEZE 57 . DNA il RNA
(7K - R 2R B A 25 10 11 38 BT 55 0 D ZE P S Fn =
JERIRER KR B T3 o, XA R R
bEE Tt 1k, AR R RS PR A P
B, MRORG s R R )ORTRE NG T asthk i 45
b RS, KL A AR AT ]
(Proteobacteria) Fljit 2k 1% ] (Actinobacteria) > & , iX
SESIACIRE ) AR LN (TR EE -
YIRS PR 3 A A1 R 2 TR Ay o B

M5 & (Brevundimonas) . 1. {4 1 & (Rubrobacter) |
Tellurimicrobium F1%6 AT 14 J& (Brachybacterium),

v e 7 P B i DA 2T 8 R o B R T A R P
PR, i SR & 7 DNA R RNA At 3
A, FTRESZEA AT 2 EE T R
X, MLl EAFREELES b 3R RNA 9K
AR, DU AR Sk P B T P 5 - Laiz 21%9
TEME ST o e BREL A T 40 11 15 e A Fi K R
R T R L S BOR AR A DG, R TLLEFE
JE AN TSI A VI R R AR, RIILZLERT
WM RE S &0 ListhkH A ¢, Beoh, g
FFE ] (Acidobacteria)4i # Tellurimicrobium {3 7E4;
fRif) 2 R A, AR R B, BRAT IR JAE A A AR 3%
HERAELE, FEADRLE LRSS, B0 5 BN
Y 20004547, HHAE I IR IR R A AR A A
RS TR, B BRI R 4%
T E et 7E4 RN SR ARG ER A 2 —
SERITE, Lu YRS R BLA#R Acidobacterium
capsulatum DSM  11244T FEAR i R A sk 2540 T
HA SEACBGR ISR 1 o A7 B s B T S T
PRRFF BT 1400, Zimmermann 2558178 Altamira il
7., Padi¢ % Pejsarjeva iy Iy & BLRRFF T 140
W, RUIRATH U TRES 5 T X E YRk
R BRFFIAT TR 2 FEdh b i, Uiz ]
YR AT RE S Lt b A BT S Bg A . Rtk
MR B E & —RRRMEY, EARKSRD S5
Wh— e e A K AR R, T
FRIEY) o ] RE S W PR 344 . ARSI AE H RS
Rl 32, I3 FESL 9 DNA FiT J2 #E H9 RNA B
R E T RLRAF R AT, R BRI & 4 T 1
MBI AP — R S AR ] v e ST
T BN 2= 10 25 - stk vh B AR WA R A T S
o3, A5 HRFI L astht s S e ok £ R R
(Halomonas) . 1 %&£ 51 ifd 1 J& (Methyl ohalomonas)
FFLFTF 8 (Lactobacillus), H:rp &4 42 HA T
PR ER AN, SN AR IR —2G BER
i (370300 3ok 4l % 5 R A TR T 925 0 2 Y S R A5
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130 PRANE, FZIHJE T 2RI (Bacillus) . %
B 1t ] (Brevundimonas) T 2 14 & (Sreptomyces) .
PAEZESREEI, TR B stk A O RIS S5 A AT
FEZESE, X5 Lt b R EEARTR . WF5EE TR
M FBARA X, HR PCR-DGGE HiAAf
FEASIE F AT B L R = LA R AR S A
PR/ NI ZEERERY AT RES S, A5 H TR TR0 R
T EH A, DGGE AR HA — 2 AR a] it
MIPL R, 2 24T ey v LAFI ) DGGE A% W]
1k, NS EMD AR AT Sl A P RIS S5 A0 (5 4
HLEHERPRE S RS rp LS 1 JEF L 4
ARFFHE, DGGE HiA N FF WA Y5 2546 1)
Oy R RSB SC g T T A DR A I LA T A
PERIGEME:, Rl SO PR A T RIS Bt e

ZE FRTIR, ARWEGEIE X4V sk A0 R
SEF A BRI IE R 0T 8RBl - astht 45 1k
FEEERYIG N, I E YA AR T RE R4
BEZ 38K, Hrp e A 33 i oA e Bl B
FZERIE 2T T # R . Tellurimicrobium, &Ik
HREHMFTRESS T HES R, Brerbt
it hE - 5 HRAE e 2R R REXT 4 ag bk e AR R
AR, IRETD L W P E LR AL T
FRISARYE
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