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Abstract ; The molecular biotechnology characteristics and application in compost microorganism research
were reviewed ,including 16S/18S rRNA/DNA sequence analysis, DGGE,SSCP, RFLP, RAPD and AFLP
technology. In the future research of compost microorganism, we will complementarily use the traditional
separation method and combine molecular biotechnology to achieve a better science result.

Key words : compost ; microorganism ; molecular biotechnology

0 55

AR FIAE 3 ™ A T AT HIL I TR %
FY), BRI RAE YIRS & 2 AR Bk
St {5 e AR, HEAL B AT BT A PR R0 | A P Ak P
(1 A S A SEBLR S 00 0 20 A 25 45 L, 9
ZIE M) 3% 52, B Ak A HILIS TR 5 574
A RO kMR R E R AR

s HHA:2013 - 03 -26

PR (AT BT K T 55 ) sl ol i A, A 4
e R B A e e 10 A B 5 A DR A R 1 IS A
JHS P A AL S A A R T V6 4 T A 7
B AR W RE R IE TR 0 sh s Y o
FEHE Ao o 5 2 0 BT 7R, B L B g HE S, A K
SETINGAE RO, PR L o gk i JBE i U
HE ™ i BB 2 R, DD B A R R Y
TR R HE IR BRI U % T8 R

EE€TR: T4 ERAHER A (101100910300) ; B F KRG Fe 26 5 & 2AEE X+ 0§ RAL(20122X07204—001)
TEEB R E(1989—) ,d, Mo g A FTA,FME T b FRRMEMR AL, LA T @A BIREFH L.



<14 - MMNBITIZRZHRBAMZFR)

2013 4

HERE 1A b ) B AL LA A 2 A A A 22
3L

AR, E N Sh A S HEE RE Y AT T — &
FUBLIE NS ERATTE. T 3 I SR o A 2k Wy At
TR A 22 R L E A DI, A AL T B A
AR, F3H AR G805 1 TR T — 2 I L Y B R 5k
I SE (15 IR I, 3 2 73 B aB A NS FR 1 7, %t
TR DRI S 1 7 2 BEVEREAT IR ST, 22 1 e
AR AN A WA EAE T R R, B B A N Tk %
PEP VP B T AUESS, AR B 90% LA F A
PSR IS IR R EAR B A% SO ME ARG IR, A
GER o 05 15 4 E W SR ) R BB AR W R
190.1% ~10% , Rt FIFIAL Gl 77 Jr i xE LA R
HEMER R S R HE NS AS [R] B BERUAE P 4 v 45
FE TR IR AN BRZE ) 2 R PR Y IR IR S K B 45
AR AR R R BRE . 2 T AR R R
e , ML ool 5 Ir ik IR EE h B30 B 8 56
TR RHIF T AR C R R

Oy LIBT3 1 KPR A AR TR H Y,
VINGIR AN R 11 J52 45 A2 0 R0 1 B 24 B AR st A%
AR A S 3 R A R R I TR G2, R i
ARk v i B RO 5 A B T2 S URE
BRI SR o TR (R R 9
#h TAGETTIE AN R, g HENE A W) BT 5T TR T
AR, o S A A T AR Y T AL M I A A Y
FERR L T Z AR T B SR TP EOR
WA —E ISR B, A0 Hr R B b, 15 3019
GERXE A P 22 A8 SCRUXH 20 1 AR 2 SR AEHE
FEA A WIS 05 T AT 1) 1 JER A T 253, LAY R I
ffiiz kSRR S 2%

1 16S/18S rRNA/DNA #3143 #r i AR
FEHE R A DA 5 B9 10

16S/18S tRNA/DNA JFF 5143474 A 2 Hh BR 55 1
AW B DNA P32 519 SR R &
fif5E =0 N (PCR) 373 a8t A% 5 8L R (168 rRNA
FEP (xDNA) v B SCPE A 3 5100 7 5 30 43 B
HRGWIEE AR5 — RN AR A . 7E 5L
PR oe 5 n R A, v DAAR S I 58 X5 4 F0 H B9 1A
7] B e 2H A o P A AR
1.1 16S/18S rRNA/DNA FE 3| S AR E K H

FIFH 16S/18S rRNA/DNA 531 4 b R A %

XA T4 B 35 37, RE N 3N A8 LB 58 I A W
TR Z R, FUSE OB AE W ) AR RS B %
T P 5 B8 T TR AS T b 8 0 58 38, 1T DA SE B0 & 2%
IRBE AR DR B v A T 5 1 0 2K ARG
1983 4F,C. R. Woese 25 F| F % 45 A & St sr
THEA AR ERS A3 ET 6 A R4 H
I RO AE HENE 5 A D A 5 O ) 3z e . A8
FZEAR W A T o A R AR R L IR AR A7
TBE I A W 3 R £ DNA ; HoyO A B 2
% 22 (9 B A, LA S I P 355 R AR S B 7D B2 0 20
100, F % 16S/18S rRNA FER SO, i Jq i 4T 168/
18S rDNA 51 5047

% FH 16S/18S tRNA/DNA J 51 40 B4 A, A AY
REXT o> TR PE HEAT A 9T, 1 L RE 95 T A= A
U A 8R4 56 2 LA S My Pl 43 2. P. Partanen 451
Xof A P A i B B 1 A 1 R i 4 1 2
FEPESERT TR SY, 8 X 15 2 AR 1 500 450k 4
£ 16S rRNA JFHI #7504 , & B Al i 500 %)%
HIAE RS AR i v B — R, S5 b, RV R 2 4L
P A S HERE b & B S 0 AU AR L AR A A
AT R G0 B R BRI B, 23 Se it
A3 M, T AE AR T S 3CHE IS b AT RE A AE R A
2 000 FiAS[A] O 240 e R 58k B AL Bl Bofinzk
FEPERY B 1) A 3 b7 3RO B A A JE KT b R
AERL, T 7P R R AR K OF- 1 25 S A K
1.2 THEBERKBEXRARENA

DGGE i R H Fischer 25 &% T 1979 4 4E M)
DNA F Bt 4 s 28 48 1) 42 M. 1993 4F G. Muyzer
S R I T MU A AR GE  IESE T
TEWFIE AR SR W T v 119382 4% 22 A 1P AR T 2 L
A T AT B IR . DGGE Hi R B 15 3%,
ANZREFRILMFZ I, AT LAPRGHE o] S | AT A b [ i
SIRT AR AR R TS T HEE X R R 22 A s
PR AT, B 5k ok i 2 pF T H R |
B B AR )2 TIPS e AR R
I AR P SEBRBERE S A ) RGN K
FER A O 30T, R A9 HE NS Ak i A Hh A2k
W) LRV B TAE B HAR Z — P AR L
T FH R L R R O AR B UE Y IR Re B 4y
BB ME LS TC T B R 7 v 15 5% 10 4 A BRI
LSRG A E VR b B ARMAIRAY DNA P51 $87R
HERE Ak 3o B i UM DR SR L n] 43 B 455 55 A0 H TR



553 1

KE, 0T £ W F BRI WP 8 B SRR <15

A] 23 B B R A M I B 2 S o R

HHT, ¥ DGGE F AR 5 HAth £ R (2 Gl AEY)
LFRER FIHE fDNA RS (PCR 55) MI45 6, BE
i R AR A EOR B PL e, TEHENE TR Py i 58 i
HZ . FAARE K DCGE FP- ARk
FHAS B % JIE Ak i 78 Fh o 0 11 X 2R 8 272 A ik
17 TWE9E. 25 R R0 AR HENE A 72 v, B W B
SRS R 2, R IR, B
B b  AEHENR AT G R AE D | S TR
VL A B i A R 8 Ak, 3 3 DGGE 4347
B, R R AR R AR AR T B I 4.

¥ PCR 5 DGGE #4541 PCR-DGGE #% A , A]
DL 3k [ i R ok o3 AT 2R G v AR 0 W B TR AR 4R
HUEE, a1 15 Ge e Bt 9 07 ok 1 R BRI, R
CW 2 T ER B R S I F S T O S Rk RS
AT DA T kSRR T I SR NE , 2 B Ak
HER IR A R A, I PCR-DGGE Ji ik Jt45 &
R Al Shannon-Weaver 5 548 16 Sk AfF 57 HEE
TR Z B B A A% R 20 R R TR AR R R
LERH, 2 B Fh e B BE A RICHR 3 1R A T T
M RR IR, 4 P e R 4R A
KT R %

DGGE 5 Hgkty 5 Z2 85 M (SSCP) £ AR M L,
2 PP AR REAS PE AL 0 5 AR AL, {H 7 il R B 2l ) 7
F AL TE AN 22 5, DGGE Xt 20 1 BE % &5 A A b o
TR g 95 2 B Xk 4N R VR 9 16S tDNA V3
X, 2K ] DGGE F1 SSCP $: A& , 43 Wl /3 Hr i 56 2 K
H IR B i R v ) A TR L B 2 AR BR X
TRl W TR 85 /) R ) 25 A8 Ak 1) i AT KO, 25 R 3R
H , 4 AV S5 R e R G A R i e R A A
Ak, Bt e fk s ) P S 0 A 22 R DA TR B 381 52 2% P
PR A R R A RIS S S
T 4R A i o FR AN T B B A 0 o 2 G EL A A S

3% DNA #2007 1 PCR £ EFIRCR AN R 105
Wi, DGGE AR M7 A R BRI - — i FUA 76 A i 13
EIREE T 1% DL RN EEA e gk I ok, 55
PTRBEARRRIN 2], H R8s B 3/IMW DNA F B, 88
KR BB R TR RE THTFRELT M
TREH 78I B

2 TRRICHAR AR R
H 7 11

16S/18S rRNA/DNA JF 51 73 HAR H IR REAS KT

PRI R & R M A TR, (FUR T B I A
R I RO LA 28 %, T HL 2SR A 65 1Y
TR A R U S I BRI Hh 1) SR A R 1) 2L
LB BL. 23 TARICH AR AT T W I P e 7%
2N S BN ARt B S AR T R T AR
FIAFIMAESTIT R, B4 T B R

7o FAn e 2 F8 ] 3% I AT A i) DNA
J¥50 85 2K R, B 2 T AR DA S H A DNA Fr
ic, HRTH 2R 48 DNA 43 F/KF E i n
O AT UE R LR WD 3L 22 250k 8 DNA BRI - B
KEEZ S MHAE st iric B9 B ALl D. Botstein
SEDCHRIR, B KA PCREAREARET T
LT DNA Z 800 THRCHAR. A EE
TR AT JLAR 23 T-AR 10 5 A TE HENE 3 A By 0F 5 o 114
37 .
2.1 DNA BgMSEEEITRENA

SSCP iR L T4 Fh i R A8 J A% T R 75
Bt 2k B3 A 45 58 A8 B R . 1% 5 R 1 M. Orita
SEPV T 1989 AE AR, 3 D. H. Lee %72 91K
TR W A 80 73 BT Z )5, F. Schwieger
S AR AR AT T OOH B T LR R e 2y
AR AT e (2 WO 5 3 S AR I E P e TR
SERI AT AR TR PR RS TR
Gy, HA 75 B R AL RS, AT O 78 S R 2 M K
T SR T A

M. Orita %" FERIF ST Hh ¥ SSCP ] F 46 #8 PCR
P FE R 2708, T #2377 PCR-SSCP 4 A
TP N R AR — 2D 2 5y, i B R H R E HE AR f
AR CA T2, HAERAERE, 0 4% IG5
B EWEST oK PCR-SSCP A i FH - K
S AL 40 A R B S 1) AR Ak, 25 R I - A
S 0 T L A BB LR B R T AR K
Ak F S B P O S M7 7 1S d i B B U,
DRI IH , 41 5 S JEL 250 25 0y 5 it 7 >4 25, i 7 o I
9. N. Abid %58 1 {1 ] PCR-SSCP 4 R BF5E 5256
S5 PRI 2 IO 5 TP O P 35 R M IE 3o L b SRR o
TETRIRE, 45 S . 20 TR R VR b EOR A R T L
HEE LR ZEHEIR 60 d J5, 3 IR b s W R
E R TRAE , FLHENEfE A4 1 T 1 I 3 2K

SR, PCR-SSCP 7 A th A5 e Jy B4 « Bl & 43 Bt
B BEREIN, 3 M R BORE FEAIR; KT 500 bp 1 F
BN HAERS ) 10% ~30% (19738 5, HiZH AR T



- 16 - MMNBITIZRZHRBAMZFR)

2013 4

SRR b PR BRI 24T, 7 e B EE DNA 1] UJE AR
RIE—RE MY 4, 1 O A Y 2 RE b i
i BRSS9, 945 438 K EE W DNA J B,
] LR R Sy R
2.2 REMEFBEKESSESTRENHA

Bl R B A B 22 25 (RFLP) 52 A FI] B il
PEPI UG DNA gEAF 90, r= A K8 B H AR
BRI D030 B, 28 T ) PR L K A R B R
25t DNA it (14 B il 9 DI 00 B0 = 14 140 #T
HRAE DNA J¥ 81 (4 BR il 1 R B B 2 8k o M i
PIFP R A5 2R, BT 2 AT 1 LR
FEPIRHEAE RN R 2 R i 2 45 i RFLP R B
GE T A [ 4 22 40 S R 2o A v 1 Ak A 4 22 R
HBhAAR, 25 AW FE AN [R] A Fe 0 48 ol o 4 i
BV (P. chrysosporium ) X Y JIE 37 75 () 5% i A
[vi). 4227 o 7t X M S 40 TR A % 1 52 ) S 2 LR
TREEF AT AR LT L 1 — U B A RO A%
HAR TP, B Sh bR o, WA R & (A TE )
T R [ 3 T EL 8 DNA il 52 2 [t 4
b AT IS AR5 R

RFLP FARAE B 9 A AR U0 | 38t 1% B3 1 22
) T P DR Ao S U A PN R AR [ 91 2% 5
RPN A R TS A )12
LRI Z ARG R 55 8 0 R AR, $2 s R
PR R RRIVAE 25308 . R4 R4 FIJH DGGE Al
RFLP Jy k460098 1 ki Jg R4 % d i i b 25
ARG, R R SOBLE KA H g i o AR

B2 PO AR RE A RIS W I SR ) 2 R

SR, H RFLP 43 R B 41

Ao BR M R B K B 2 A M T-RFLP 2 i
RFLP $ AR % Ji e o (1) — Bl ey i i 8 20 R R
B AR D) =4 H K 5 PEA TGRS I, 75 B A iy
FRL I R B i 22 R 08 T F 93 Bl A 9 B R 1R 45
P AR S L Bh A Ak, 38 AT LA 5 Ak W i R 4
RH BAE S B AR BT Y A2
R, U. M. E. Schiitte 2! %} T-RFLP 7£ 13 4 9y
TEVR 25 A ATE S P i o FH 0 R R AT T 253« B 40 PCR
IR P U0 il T L DA I IR A T, B R b T e
T T-RFLP £ A%} 5 | 4 F0 B ] 4 P D) g 1) o 43,
FZ 7 0 e B 7 1R B s 74 58 % T-RFLP
W B ot

2.3 FENYE SN DNA SR ENA

BEPLY HLZ A DNA(RAPD) £ R @57 7F PCR
FOARFER b, R FH— 5 58 007 BE L HE S 1 A
[Fi] 1) 5 SR A% 1 IR B8 S 51 40, o T F 90 1 ik R
DNA #£47 PCR §"#4. RAPD ${ R 4% 7K T PCR AR
B FE A R D RO R 4R ) A AR A
[ A Hh ) 2 b B R R R R B R, R
SRR B AR RS , AT DNA #1845, H55 & DNA
R, =5 i a7 38 0 2 B, BUARBUAIR,
ZMEEE, WL, 65 & A A P R R 1T R
HAGI. AR, RAPD £R BRI R
FESE BERS T i s AL 2 REPE I BT I
ANUREES FIF RAPD Jr sk b T RS A Ak I35 T8
Yt R v A b A st A% 1 o, 2 BAS [] S i I
FRAE st 1 A8 S 3, 3l o %o EE A AT, 4R 31 T AL
R Yz

RAPD HARTE A YIRY 73 28 %08 Ty A H o 3%
HIPCHEANE /8 Frankia [, 16S TRNA 374 (374 4%
BE1A& DNA B[ 44: 7381 (ARDRA) | 8 & JE R A ] £
JF9) - B4 Mgk = (REP-PCR) 45 34 L g []
2 A% A W) i AR 1 e B DR ST 91 Dy B i
5190, g AR SR B RN [R) R AR DGk, S TR R G
KB FEERDFh. BT P R JE Ok <7 R 5, 25 Fh
SO AR Y X 53 S0 45 >k [ R, RAPD By T 75 241
TS T 1Y, — KA 345 K it DNA Z28M R B,
RAE—JE (BhF) T o RS nl 34t T AT 1Ty
It

RAPD J3 A1 H A7 1 19 B K ) it 7 42 1P A
TAEER, B o &M E R B . JE 5 FHR
1) 2 J , 78 S B A5 FH v, e 1) i s o il i
oAt 7 5 M LA yR AN 5E
2.4 FHEMRHEERFERKESSESTRENA

P 0 BRI e B BE 2 38k (AFLP) £R 2
LT PCR FiARY HEILR 4] DNA i FR#$E A BL 43
FHRICHR. i FIZHEAR, 7T LAAE BUSE A H1E DNA
FEAUE BB IE OL T A B 617 2 45 DNA i3] R 9
PCR ¥ 3. W R P T ZAL4E 3 DN IEA L TR il 2%
Bl DNA 3 4R B FIGE S HL Ik 2 AT

AFLP 53t 8 R 454 T RFLP Fl PCR £ R,
I, ER T ARG MWW 0 E &SRS, e
A RFLP H AR AT S5 R PCR 7 A 5 %0k A 5, 7
fiE P, BRTHOA N JE DNA 88U H AR 228



53 )

KE, 0T £ W F BRI WP 8 B SRR <17

163 oo E AIRSIE % N (VSR i LAl Pudie 4
P R e e A PR LA R A e ) P £
HARIY THRCEOAR, AFLP AR A 41T 1 50 28 A %
TE EIR I JEMNIE AR | R RR Z AR OC R Bl
PR A% S RERE S T S AT 2 R, R
0358 SRR HERL AR Wy Pl i 98 PG S A Al
PR PN 5 TR T B 22 KO R IR T K
38 1 5% 28 05 T R P4 T A .

3 HA BT HE AL A Y 0F 5 Y
I

TEFRBEMCE W TS, A Wt B B AR 32 8
FHF R85 s Tk 4 1 K A e a2 . R
7, 2 B R T 3 5 PR 2 R
TG0 Sz = A AT, o PR 2 v i 7
Tl T AR A ot — U 5 S T A
S ORI R 3, AT PO e i P AT
TR AR AR ok HABL I U A5, BE T 02 1 FE I
PRSI R € o T W S B e, S A 5 2
LA ISR P 2K 7 T R DR T 24 A
AR T —ANSRAT T TS T LR 4
R F TN 45 R 2 0 PR R
S R A W HE AR 5 R o 9 B A5 25 A, T R
TR HE AR = 5t v T B A8 (9956 VL2 4, WA %
IR A AT W42, S S 9 2 4 R

WA AR FCM R T % 901 v 1 40 s 3
Ho 2 OB N HEAT 22 50 (10° 41/s) 58 ik
YW , 4B B8 2 00 1 26 B 2 g, LA 1
B ek % UL L BB R AR I £ 5 B A A, T
DAL 3B S S B A AT AR 22, Tk
G F TR BRE . Y 2 BT 58 5 B DT He (1
FCM 5 A (7 B9 AT 55 52 01 02 400 400 W B 35
Y U A U B R B AT T
A

GYAh, R e DNA R G B4 R B 4 AT
ARDRA S8 T GE S H0AR , (A 20 W i 0, FH il
S AFL L2 HE AT B 4 P A AR 2.

4 ZEiE

i 2 M A AR 102 R e o e
AT I A2 P55 AR 1 5 BTt 4. 43 T2k
SRR BENS ST bR A 7S LR 3 1 WL A1, 2 1 %

NERA ) 5 DNA Gl Witk vie 2 R PR 3l 2542 Al ik
FIBRE, g 408 24 A B P e 0], DA HENE T2
$RAEEE = 740, L G o B R IR TT Ik MO T
HEMAER A F RS TSRS 2R ) 2 R A
VeSS ZE AU TS o BT AE A B B, IR
UNRBEREAR T 28, K B PR S AL GL G IR O ik AN 4G
B 2R BB G, 5o Ab ST HEAT Rl 20 B
U8 P RERG B S 0L | A vERR 0 4 S 19
B HIRL A B 4G

SE 3k

[1] Zhu N, Deng C, Xiong Y, et al. Performance characteris-
tics of three aeration systems in the swine manure compos-
ting[ J]. Bioresource Technology,2004,95(3) :319.

(2] H70H, RHES, TR H 04, 5. 3 AE % 40 323 7 & Hl i %
R ER[T]. LB F,2008,27(5) ;214

[3] Partanen P,Hultman J,Paulin L, et al. Bacterial diversity
at different stages of the composting process[ J]. BMC Mi-
crobiology ,2010,10( 1) ;:94.

(4] EHAR,ENF AY, F RRATEFHAENBFE
g A LT ]. B AH,2007,28 (11) 12591,

[S] BIXA,KRE, REE,F BEMAEDNE AT K
FRAELE AN FTEFELI]. 7 R K LA F,2011
(12).71.

(6] EXZE,%/,ER%, %5 BeWH T RLEFME
R rBZAER TP I R FERFF
#,2006,25(5) :1354.

(7] %%, KA, KAZ, % REREEF 2 HHMESD
R R o B R OCR A % ()] BOE A %, 2009, 30
(11) :3409.

[8] XiBD,LiuH L,Zeng G M, et al. Composting MSW and
sewage sludge with effective complex microorganisms[ J].
Journal of Environmental Sciences,2002,14(2) :264.

[9] Howeler M, Ghiorse W C, Walker L. P. A quantitative an-
alysis of DNA extraction and purification from compost
[J]. Journal of Microbiological Methods, 2003, 54
(1).37.

(10] KRy, Eoeig, F R MAEMESFAR T EH R
[J]. & A =4/%,2003,23(5) :988.

[11] Amann R I, Tudwig W, Schleifer K H. Phylogenetic iden-
tification and in situ detection of individual microbial cells
without cultivation[ J ]. Microbiological Reviews,1995,59
(1).143.

[12] Vaz-moreira I,Egas C,Nunes O C,et al. Culture-depend-

ent and culture-independent diversity surveys target differ-



.18 -

MMNBITIZRZHRBAMZFR)

2013 4

(13]

(14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

(22]

[23]

(24]

[25]

ent bacteria: A case study in a freshwater sample[ J]. An-
tonie Van Leeuwenhoek ,2011,100(2) :245.

YW, EEM EETEEN G BEH (M. LT #
& 11 A ,2006.

Woese C R,Gutell R,Gupta R, et al. Detailed analysis of
the higher-order structure of 16S-like ribosomal ribonucle-
ic acids[ J]. Microbiological Reviews,1983,47(4) :621.
Muyzer G, De Waal E C, Uitterlinden A G. Profiling of
complex microbial populations by denaturing gradient gel
electrophoresis analysis of polymerase chain reaction-am-
plified genes coding for 16S rRNA[J]. Applied and Envi-
ronmental Microbiology,1993,59(3) :695.
FRABER, FEN, F RETE T O HENT
FARLI]. P E A SR #4-,2007,15(6) :185.
B, 2%, 245, % F A 4 it 3 F B DGGE
TA AT AR AT T 3 2 3 X W 40 W R B S R I
[J]. £ A %4,2012,32(11) :3505.

IR, MR, B #E | % DGGE, T-RFLP, LH-PCR 3t
FA BT RGN MBS FE T B [T].
PR T AL ¥4 ,2009,3(8) :1365.

Ehe KRR, T, F BAEDRBE AR ESD
JE A A o 2% ¥ 9 PCR-DGGE 24T [J]. R b 335 1
#47,2012,31(7) :1431.

BRI AR, Z . 4 A F Bl L3 £ 4 DNA 42 B
i X DGGE A7 = A e 5 0y v [J]. AR 2 R ok
#14%,2012,27(4) :367.

Cherif H, Ayari F, Ouzari H, et al. Effects of municipal
solid waste compost,farmyard manure and chemical fertil-
izers on wheat growth, soil composition and soil bacterial
characteristics under Tunisian arid climate[ J]. European
Journal of Soil Biology,2009,45(2) :138.

Muyzer G. DGGE/TGGE a method for identifying genes
from natural ecosystems[ J]. Current Opinion in Microbi-
ology,1999,2(3) :317.

Bonito G, Isikhuemhen O S, Vilgalys R. Identification of
fungi associated with municipal compost using DNA-based
techniques [ J ]. Bioresource Technology, 2010, 101
(3):1021.

Hansgate A M, Schloss P D, Hay A G, et al. Molecular
characterization of fungal community dynamics in the ini-
tial stages of composting[ J]. FEMS Microbiology Ecolo-
gy,2006,51(2) :209.

Calli B, Mertoglu B, Roest K, et al. Comparison of long-
term performances and final microbial compositions of an-
aerobic reactors treating landfill leachate[ J ]. Bioresource

Technology ,2006,97 (4) :641.

(26]

[31]

[37]

[38]

Wang G H,Jin J,Liu J J, et al. Bacterial community struc-
ture in a Mollisol under long-term natural restoration,
cropping and bare fallow history estimated by PCR-DGGE
[J]. Pedosphere ,2009,19(2) .156.

EARE, Eg e, B, FREE RS R BE A
TR SR R [T]. BRI AF,2011,32
(9) :2689.

RS, B L, T & &, %. DGGE fu SSCP ## A7 3 3 %
BHREAGRAIRAEREE M B EL N LER[T].
Rl TR R #4R,2007,26(3) 11132,

FERA EEBL HE TS T ENFEDHEARIM].
AT AL Tk AR AL, 2004,

Botstein D, White R L, Skolnick M, et al. Construction of
a genetic linkage map in man using restriction fragment
length polymorphisms [ J ]. American Journal of Human
Genetics,1980,32(3) :314.

Orita M, Iwahana H, Kanazawa H et al. Detection of poly-
morphisms of human DNA by gel electrophoresis as sin-
gle-strand conformation polymorphisms [ J |. Proceedings
of the National Academy of Sciences,1989,86(8) :2766.
Lee D H,Zo Y G, Kim S J. Nonradioactive method to
study genetic profiles of natural bacterial communities by
PCR-single-strand- conformation polymorphism [ J ]. Ap-
plied and Environmental Microbiology, 1996, 62
(9):3112.

Schwieger F,Tebbe C C. A new approach to utilize PCR-
single-strand-conformation polymorphism for 165 rRNA
gene-based microbial community analysis [ J]. Applied
and Environmental Microbiology,1998,64(12) :4870.

K X F, # vk, th I . PCR-SSCP & A A T it 2 ## £
WA E AW AT R ()] IR A2 ,2008,29(7) 1992,
FHR. A A PCR-SSCP it R 24 4 36 3 0 1 & 40 7%
B ALD]. A IRk k% ,2007.

Abid N, Chamkha M, Godon J, et al. Involvement of mi-
crobial populations during the composting of olive mill
wastewater sludge [ J]. Environmental Technology, 2007,
28(7) .751.

Duthoit F, Godon J J, Montel M C. Bacterial community
dynamics during production of registered designation of
origin Salers cheese as evaluated by 16S rRNA gene sin-
gle-strand conformation polymorphism analysis [ J]. Ap-
plied and Environmental Microbiology, 2003, 69
(7) :3840.

Sliwinski M K, Goodman R M. Spatial heterogeneity of
crenarchaeal assemblages within mesophilic soil ecosys-

tems as revealed by PCR-single-stranded conformation



53 )

B LR T RN FRORAEEHE WK A Rk <19

(39]

[40]

[41]

[42]

[43]

(44 ]

[45]

(46 ]

[47]

polymorphism profiling [ J ]. Applied and Environmental
Microbiology,2004,70(3) . 1811.

Mg YFHE HT, Y OL A, % RFLP 38T % 8 A xR b &
WL E N SRR [T]. RLIER ZFR,
2010,29(2) :396.

Bauchan G R, Campbell T A, Hossain M A. Comparative
chromosome banding studies of nondormant alfalfa germ-
plasm[ J]. Crop Science,2003,43(6) ;:2037.

Isobe S, Klimenko I, Ivashuta S, et al. First RFLP linkage
map of red clover( Trifolium pratense L. ) based on cDNA
probes and its transferability to other red clover germ-
plasm[ J ]. Theoretical and Applied Genetics, 2003, 108
(1):105.

Ekuere U, Dosdall L, Hills M, et al. Identification, map-
ping and economic evaluation of QTLs encoding root mag-
got resistance in[ J |. Crop Science,2005,45(1) :371.
Pesaro M, Widmer F. Identification and specific detection
of a novel Pseudomonadaceae cluster associated with soils
from winter wheat plots of a long-term agricultural field
experiment[ J]. Applied and Environmental Microbiology,
2006,72(1) :37.

Made, TR, % 8, %. DGGE A1 RFLP 77 % 447 &
KR R4 R Z ()] £ B ARER,
2008(6) :115.

Schiitte U M E, Abdo Z,Bent S J, et al. Advances in the
use of terminal restriction fragment length polymorphism
(T-RFLP) analysis of 16S rRNA genes to characterize
microbial communities[ J]. Applied Microbiology and Bio-
technology ,2008 ,80(3) :365.

TRme X MOk, O, % RAPD SR R A
Frme R A Y], & 82 ,2001(5) :436.

Abbasi P A Miller S A,Meulia T, et al. Precise detection
and tracing of Trichoderma hamatum 382 in compost-

amended potting mixes by using molecular markers[J].

Applied and Environmental Microbiology, 1999, 65
(12) :5421.

PR, B e, R 0T R M RAPD 77 ik oA R & &
A RICE R T B EDRAERI] FEH
2 5 4%,2007,27(6) :961.

A, AR, N E, % AFLP R M 4 R K
BEREGEREE S HEETEEN AL £9K
K ,2003,13(5) ;42.

Velappan N, Snodgrass J L, Hakovirta J R, et al. Rapid
identification of pathogenic bacteria by single-enzyme am-
plified fragment length polymorphism analysis [ J]. Diag-
nostic microbiology and infectious disease, 2001, 39
(2):77.

Zhong S, Steffenson B. Identification and characterization
of DNA markers associated with a locus conferring viru-
lence on barley in the plant pathogenic fungus Cochliobo-
lus sativus[ J |. Theoretical and Applied Genetics, 2002,
104(6 -7) :1049.

a7 A #k,Leung H,Zeigler R S, 2. BB W E L F HH B
AFLP 247 [J]. B4 £ %:,2002,21(3) :363.

Brm e, AFLP # K F7 16S tDNA PCR-RFLP 4-#7 %
HRERE W Rt £ T]. £ 4 % 4, 2000,40
(4):339.

x| E A, Mk, Ak, L BUR MR A B
BERaEWA R [T] PUE PR F 40, 2009, 30
(2):351.

Bk, ERAR B SOR AR R 4 A e
JLT]. B & 4 T42 4% ,2010,30(2) :100.
RHEE.FCM A% N™ A& 5 BB AW H
BRI LD ] A L A8 K % ,2007.

Zilles J L, Peccia J, Noguera D R. Microbiology of en-
hanced biological phosphorus removal in aerated-anoxic
orbal processes[ J]. Water Environment Research,2002,
74(5) .428.



