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Abstract: One gram of soil may harbor up to 10 billion microorganisms belonging to possibly more than 10* different
species, most of which play vital roles in various biogeochemical cycles such as the release and fixation of nutrient elements
and decomposition of organic matter. The microbial community is considered to be a functional indicator because changes in
the soil environments in which they live can affect their structure and diversity. Microbial diversity is a growing field of
study in soil science and microbial ecology. Increases in knowledge of soil microbial diversity depend on improvement in the
approaches to its study. Over the last four decades, culture-dependent and culture-independent technologies have been
developed to assess microbial diversity in soil.

Conventional culture-dependent methods such as plate counts, morphology analysis and community level physiological
profiling ( CLPP ) provide information on the active heterotrophic component and the functional role of the population.
However, the evaluation of soil microbial diversity based on these methods has been limited to the cultivable cells, amounts
of which are less than 1% of the microorganisms observed under the microscope. To overcome this issue, profiles based on
biochemical components of cell membrane have been used to characterize the soil microbial community. The profiles mainly
include phospholipids fatty acids and respiratory quinines, the structure of which can be used to classify microorganisms.

Since these methods avoid the limits of selective culturing and isolating, they have been considered to be an approach to

BEE&WE : PHEEHERAEE (20110490219)
WimBE#:2011-06-21;  fEiTHH.2011-09-28
# MIRVEAH Corresponding author. E-mail ; yezhengfang@ iee. pku. edu. cn

http ://www. ecologica. cn



4422 A E = 324

objectively reflecting soil microbial community diversity.

With improvements in DNA exiraction and polymerase chain reaction ( PCR) technologies, a number of molecular-
based methods, which are more reliable and accurate than the above-mentioned methods, have been developed to assess soil
microbial diversity. These approaches include DNA reassociation, guanine + cytosine ( G+C)% content, nucleic acid
hybridization technologies such as fluorescent in situ hybridization (FISH) and DNA microarrays, soil metagenomics based
on cloning and library screening of soil genomic DNA, PCR-based genetic fingerprinting such as terminal restriction
fragment length polymorphism ( T-RFLP ), denaturing/temperature gradient gel electrophoresis ( DGGE/TGGE ) , single
strand conformation polymorphism ( SSCP) and two-dimensional DNA gel electrophoresis (2-DGE ) with high resolution.
These molecular-based technologies can potentially provide excellent insights into diversity information of the cultivable as
well as uncultivable soil microorganisms. Without a doubt, they have opened up novel ways to study soil microbial diversity
in detail, and thus enable us to acquire a better understanding of the relationship between function and diversity of soil
microorganisms. Genetic fingerprinting especially is a very suitable approach to monitoring changes of soil quality through
analyzing temporal and spatial dynamics of microbial diversity.

The culture-independent methods do not require the selection of culture media and conditions, and also enable us to
obtain more abundant and accurate information of microbial diversity than the culture-dependent methods. However, each
method has its own limitations. Therefore, when applying these methods to the assessment of soil microbial community, a
combination of more than two methods is recommended. This review introduces their principles, advantages and

disadvantages, as well as summarizing their application and progress in studying soil microbial diversity.
Key Words: soil microbial diversity; culture-dependent; culture-independent technologies ; application and progress
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FIRFEE R R LA SR i [ R0 A DR B AN 3R, R, SRR ) 2R S0 R 1l oy 4 A R i T 1Y
Moz —" A Ui g s Al B B AR SE N 2 — St R E YRR SRR A g . St
B ) 2 R AT S AN T LA TR0 -+ 355 40 RIS i et i 7284k, 7 FLIA v] DA DGR AR 7+ e AR S
rh kS 5 AR A E SRR B T RE A 1

T MR 2 R R B RS TP R E MR BE R RN R RIS A AR AR A P
TEIDIREZHENES . FEid L 40 Z4E L, HIRRUE Z MRS ik C & MR R 37 B R 3 T8
TRGFR B FAEY A AR . R T b 1 i R 13 B AR R i | AR SRS ] 2 b 25 A A AT 9 UL
R DL A - SRR W 2 R AT A N, I LR BRI S R A R R T 1)

1 UEAERAEMOARTE

A3 BALEE ARG R 0 PR HECRIE A AT | LA U AR s 1 ) RV 7K 7 A 3 48 053 #r LA
T LIS A0 L P8 2B AR B A BT A A 4 A AR e
1.1 “PARITEROE RS

7E 20 AM2E 70 AR LART, HHERUE Y 2RI R R E BRI A B SR A E MRS A RS
N A 87 B8 5 56 ) 38 v A 2B Pt A T e o TR B 7, SR U5 R AR K B B VE AT B Rl s e A
TR A AR R S AN, 120 TR, i EL T DR AL AT RS T SRR R AR R A R
M, A e S PR - AR B b i AR K SR EE  pH (B F2 53 R (B AR BRI AR KOG R | 7 B A N TR 4DL BR B
SETCTR R HAE R BRI, SR O R R SR AR B (DT 1% ) BIREY . Torsvik 251 ) F e £
AP M TUEEH 1 o T8) T oA 4.2x10" AU UM, 7RSS 35 AR FAUA 4.2x10° AS4HTE
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WKL (CFU)
1.2 BEE/KF A BE2E 48 S0 (CLPP) Bl B — R JEUR] FAR 22k (SSCU)

AR F BRI TR —E MR B B BB T AR PR AR IR R 5T, AR i 38 A 0 v LA P g
FRE AN A R EEZREYE . Garlan AT Mills"™ F 1991 48 42 HZH AR , 4 BIOLOG 23wl @l AL J5 1
R E MRS T RE ZAEPE I IF S AR R T AT, 0, Derry Z5 R BIOLOG RS MHF5E T
Z it yG g 39S AU 1 A B WA T BE SRR PR AR LS R s ZE 5 45 R BIOLOG A= AR -
M5 T A 52 58 €0+ B E W D BE AR 1 RS M), 485 5 S 3 rp W A AR 1) 2R o SR E X C
TEA A RE F758 , i B TRAT S A0 56 - R 3t & N AL B A RE 158, BIOLOG /A ml AR 4 A [F]
ARSI H AT & T ECO(VEZSMR) (GP (PR 22 [RPHMEAR ) (OGN (H 22 [RFIMEAR ) (FF (ZZRECEHR) 1 MT 55— &
G, BEASEAR A 96 M, Hor 95 AN Ay 1 #8757 e Y 356 S5 AN A8 Ak 18 SR e ), — AR ik
VR FHVE XS B 46 R T R A A 7 I W s B 5 1) NADH 348 J5 el oA HL AR 8 SR I 38 oo T 2 4R
AR AR AR 118 725 € T SR HE I i 2 0 ) D WG R | e 28R BT BE ) VR 358 ot ) e A S P 2 AR R R R JE 1
o MT oA RS GRS & 35T, SR RIE L B3 A AT 8RR DA ) F i 5 32 5

OB E SRR R R P S L AR, BIOLOG 2R GE AN BR A AR L il 15 5% | Bl A
PR R 254 I AN RE S8 2 ARRIE AL Z e . T3 A0  REAS AL B 15 35 S5 R RV iy 24 2 25 44
S Y ZREE TR R R 25
1.3 AEWridik

AR IR SRR G AN A P R A Al o B S R R s R X B R e L b kG T
TR GEREFR BRI | B LA M PEA AR W) 2R . D7k iy 20D BRI 1 B A S b i S b A Ak
LA H-Aligk R 5 R A RO (1% S5 A 25 T Bz A2 i R AT 0 28 55 0 . W FH U W) Z R AR A
TCHEA  BEIR IR TR A Ak 2 R IR R 20k 2
1.3.1 @EARARNIRR (PLFA) 23 A7k

WERR 2T A AR Y A S R oy, FEIE R AR BT BEAR T K BE L/ ——PLFA FE4NE N 9
T I LA A YR S 5 PLEA o] FIVE G DTS A Hr i ™ Wl s it 5 40 B A9 26 T2 i AR PR 3
fife >0 PLFA S v LADRFRIETE MR R R e . 80 3R 4R B PLFA I HLI i HL R 2 = ok
J TR S SR R A A A RN B R 48 7R - SR M R B AE R 2 BRI B TR . Murata 2577 08T T K
K TR RIS ZHREVERT PLFA B9C R )G KB, 4000 ZREVEFN PLFA AR FLBIDE R, Keith-Roach 25
BIRIFSE 22, TR 14 250 AT (Rl SR B A2 0 B PLFA £ EER AN, I H & B —AR h I B AN RS2 %% . Zhang
SEURIF PLFA SEA3 T TSRV #7344 St A= 9 i 25 40 N 2 RR P RS el 45 SR 3R I 38 1 sl Jn o
A T AT DA R SRR S R R PLFA AR BORIIN & 2 1% M i i S BRE FTAE . Zelles 252 4
87 3 Fl PLFA $2H05 75 B A7 PR G2 MIDI ( microbial identification systems) RSt BGE Y R EEHEE, R
FHETPIRP T L3 PLEA J5 72 A g D BR 1S AR AL, , 11 EL AT R 2] A9 PLEA — A 20—48 F, B 2 ] 35 72
Y AR BUEAREUY) PLFA 205 1] 23K 200—400 ', PLFA BIIE kgt AWroe s, B 202k HifE
W Iy ERIER GC-MS JriE

PLFA S ATk e SR 5 O R 25 A AR TR A 5 v B DR, Wl S AP o, SR LA K 41K, A
AB S B YRR K
1.3.2  FRIRREREE o0k

I MR T e ok 2 0 240 %) 2 20 40, 2 B 2 ) O W P — ol AR B RS R I R
(ubiquinone, UQ) ENHffE Q A1H FEZ5MWE (menaquinone, MK) BIZEAER K RIS, ZlRS IZAAE T4 2 KA
PEAN B 0 AN T, 328 F T P A A SR PR R 2R A 7 5 22 G P 00 R 1 ) 2 B P 400 A 1
YNARAR -, =2 T P DA, AR A 2 BT 2 %) WP G R 7 25 4 R A 1 A1 IR A A o R i )
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HAEFIWTE Y RER AR 2R . JF B 78 35 B W R R 1 5 AR AR ) A W i AP AR G
FUU L, PRI AR S0A RE VPG R HUR TS e IR E s R R AR A, W, B R Y Katayama
5T A 2R A 2 TR LB A BT 1 BR RS2 S R R 285 S UL A %t -+ B M R T 2 A
BRI M ZREERIRZ R, IT B B e AT W 0 0 LS A e A2 A RO T B, 7 1 2D ROR 1 e A
b PR PR | SR S FEVRORH A5 D T2 00 PP 1 o 28 3 10 7 - 8 A AR S Z R L Fujie 451
CHGE | — S0P R A MR 2R AR DG ZR . Hean 2 Q-8,9,10 73 5lIfER T Proteobacteria 1) -, B-,
F1 y-subclass.

LR RT R SR TR I A T R T —RF Bl AU 43 FOK AR, Tk 4 W 30 A oy S e
2 MRS FEMERR

N T MR AR TR 23 2 R BRAAE BTN 5 R G O 200 L P s A% ) BRI A 3B Wy ) R S A 4
M2 . Skl B 231 B K R ST A e Vs 4 s B9 DT VR B R BRI T AR 02207k . 18t 7 TR AIE
P9 BRI K P A (fRNA) o 7EAE YT K BEAL I FE b vRNA J3 5 7E 580EE 2H B A% 1 IR 51 R i %
SRy T F I 8 AR A AN GRS e A I 2 TR AR 16S rRNA BE I BT 4R TR /INE
rh T ELAA A 25 5 AR PR S50 © 2R I A R W 20 RN A AR 10 1Y B i T AR A5 A 7 B 1A i
18S rRNA &K 73 TR R 0 EAZ U . 5380, 1V 228 S 1 2 1 S ) 66 DR o o B VR B 0 20 )
BRATFUT T A T 40 R A A2 E B B I S BE DR (gyrB) | FH R ARG T R 4R 1k 4 TR Y A B 4 e B
(amoA) JFHARAGIN Sz Al Ak 20 B 17 VA R 30 R Bl (& Cu) A (nirK) JHIRKGINVO T R E VP T R AR B E
A FER (invA ) FIHIAAG DU B AT 17 £ B JE coA I I EBE AT (merd ) 55

BE#& DNA $2H G HEEE SN (PCR) SFH R 1Y K, BRI 1A W) 2= BOR B A0 i s A e, hy 38
AR EE ZREPERIDTFEAOR T RIFAIRAL, A 20 22 70 AEALVE  FAME s 1T &R T RUEY R
BT XS] T EALHE : (1) 56T DNA PR M5 ] P8 5% o AE T 20 ATy RO AR 52 1 3 ) 2 ATk
T DNA JPHI B AR G+C% & ik, (2) BT AZRR BB XT 00 | AR S 1Y DNA R 5 1 IR 5 Y
DNA (RNA) 52 B0 FAEIEAT IRALARSE (in si) TE 25701, 85 AR A I 28 52 5 95 S 0F e /. (3)
DAL PR 254 AR AR , K IR B RE S b BRI DNA FERE R A3E gk A SR Je K AR A A0 3 1 8 40 1R
ST PR PRI 2 SC R, o A 1) 98 B 5 DR 2 S PR 7 A T ) i R DR O MR DRI e 4. (4) DA T i PR 2 v
DNA Z351E 4 BN &t 7152 DNA $880&1EH AR
2.1 BERREMSJI2FH AR G+C% & E% (G+C% content)

LRI B I3 2 BRI — D TR DN i A W B R A AR B Y O v B C & TR IR E I 2
FEEES S G, Torsvik 5507 FHAKINR 2 M J1 24 0 Jr AR I M A T T B s A i e SR H A 1 ¢
J 1) LR AT R LY 4000 A5 ARG ERSE I B, 1207 15 020 R 2 B DNA B b S i alifle |
PERBERI RS, JEH, RS R TRUEM Z RN TEXFE RME T 2E % DNA &A= = PR Y
C0t1/2( CO R HTRUCEE ) {5 51 DNA WS 2= B2 BV M AR R AR U L . BRI, COel /2 T Ay —
MR LIEBUE R Z e, 207 ERIIE A3 PCR 3718 (i 22 B2, 7T 52 ik R4 DUBCR) 2 i)
B p IR - AN BT 4 DL EARARSIOR) P 1 A6 D) - S G Ak ) 22 Rk I i = SRR

G+C% T A2 HET DNA B | G+C% & IR ER A H A W 2 REPE . Nusslein 57 R G+C%
FHIENETE TSRO B T LR AN TR B 2RI EL R B, AR R 19 bR RS - SR TRV 8 B
MESFF RIS 123k FERH KK DNA BE B A+T BRFEXTZE 5 R T AL Z 8] G+C% %
s ZE5), T DNA 43 i 25 5 507 AR [6] DNA 19 G+C% & &0 Am Kl s tE A3 PCR §7
$8 i 22 1) S 0 T EL BB AT 732 M TR B T i /K-, SR T [ 5 i DNA RE S T ELAS [R] A2 i A 0 T e
WA RN G+C% i, & — RIS 1 7k
2.2 BRRIAEHAR

RLRR 2 A HA TN O R E W) B R PR A S e S T, 5 BRI DNA 508 RNA EA7 2832, 2R
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J 8 5 AR S A ARSI R 3 A A W L S A= M 2 e, ik — R L RE E M M RESE B s b AT LR E 2
REVEARAT 050 A 2 TR
2.2.1 J5f7Z4%22 (In situ hybridization, ISH) A&

XF T R Y 2 RS T R AN A Y B AL eSS T RE B BT SEPR IV B, Lo, A R PR AT L
HARFNPREE LSRR ARG IR VR AT IR AR S, AR A F AR A TR T U A2 AR 2 B RN 2 8] 3 A1 5
B Delon % F 1989 AR A FHZC I EhR D SEAZ T BRI ST R S0 E AL, T4 RO
AR, DGR 2 B AR (FISH) B9t 12 DR 95 L3 E W2 RE k. U, Llobet-Brossa % FH7¢
JEHRICH) rRNA FREHFIEEIIC R BT+ S i R WA M AT L 28 52 5 R B, 73 % LA b8 DAPT B (0 4 4 Jfd RE Bl A
A2, AN B RY 45% RER S 2 BN AT 1), i Hoab & BRWE I 16 & ( Cytophaga ) F1EE KT 18 J& ( Flavobacterium) =F Ji
i, RUORMRRIE 5T o Liebner 55115 FISH 2R BUK AR 1 hAFFECH 2RI A T REVE | O ELULEE 1]
PUFF R ( Bacteroidetes ) R ( Actinobacteria ) A PATE, VR 425 B K 4 il Ak Wy 3 TR b 2504 AR i 1) 45
DUEC, 75 IR 26 A S5 A= AR MR A I 1 ok, AR, JEA2 PCR FEAR I R A% RR A S8 R S ik 1 13k [
RS S TEAN N 1S B BREED W AR S TR S BT A T 2 28 T DASE I s Pt SR A W) AR
2.2.2 FEPESHHAR

FEPRESF (DNA chip) , ¥#% DNA 4% ( DNA microarrays) , J& BRI F AR K Y75 —FH A, J&
T EITASC RUT S0 AR ET 314 BRe o n RS Oy 2 7 AR B (B, B 55 ) b BT 2H A e B
FES) 2o ric Y REAZ 1 IR T 91 5 B RLES R A AR BT HEA T A% 58, SR Sl ek Rl 2 22 {7 5 e M E
Hu TR S R AR 8 4T U Fodor %5 AT 1991 R8T I G ZIH AR HI/E DNA 5 H B H AR L
KT BAT AT RE A I LW R AT RN AR AR 2] TR R R . B, T SR R S R 1 3R
Kﬁ&*i%ﬁ 3 ﬁjg"é@m] : ( 1 ) ﬁ@%zﬂﬁﬂ‘ ( community genome array, CGAS) 5 (2) %%%Hﬁ@ﬁﬂ:ﬁ
( phylogenetic oligonucleotide arrays,POAs) ; (3) DIREHE .68 - (functional gene arrays, FGAs) , CGAs Fll POAs
B BB T PR 73BT 52 % 14 - SR 55 vh B A W) i) T RE S5 K R0 2 REVE R AL LA R RHRE R ) R R B R AR, T
FGAs 8738 5 FAR A I - 3P 455 rh IR 26 B AT Rp R D BE Y G2 (An, R 6 30 DL TR 1 80 T A PR 3 it T
SR Wu SRS T AN R IR O R A R AR 0 i B R S e SRS (0.
2 ng DNA) FRF A5, 100 HL AT DARR I8 5 2% A2 B 45 7 S A0 R bk 1 7KF VR RI 2GS R st s i 7+
HE VEEPEANTT S OB 2 I A E S S5 25 5 L Yergeau 2517 RIS 8741 AN AT I 16S rDNA 45
BB POAs B F  WFSE T AR R il LS E WOV E 2R . S5 R WoR 1 A W) Z RE TR G 43 BE A3 5 1
YR b8 )N W UER 1 TEA IR M) 2R PR 0 )2 PRI LRSS R BOR EE T PCR Y 16SrRNA Ji [A] 5 e 2
ffUK . Liang %7 FIFH FCAs i H M T FHSL B A RIA: 47 TR 65 A BRI 5 B - et A v 40 B T i 3
AL, BI7E RAEAVERG Y n DI RESE I 2 AR TR AIR, SR T AE AR W A B | IR 46 32 Y B Bl AUB
SENRFR I RE 1Y 2 ek PR Kl A A e [l

RUERLRASEHANS TSRk 1) LI MR S8 AE WA R (B2 h T H AT AT 18 T kA5 2 rfy 14
A RARET Y 91 B0Z 07 AN BRI S IR U Y 2
2.3 TR

Handelsman %57 F 1998 4F 1 Ykt 2 SE A 24 MRS, RURTR Bl 5% B s — P i = 0, i
SEA AL P A BOR EHEIEE A PRSI U E W iE v . RN A i) F AL 55 2 — it s -
HEMUEYIRETE SR, 3 165 rRNA JEPH (R ABRR IC K K A0 amoA 55 ) SCE AR 22 1 3R BE AL 43 BT SR B
I WA SRR E B O FLAZ R A PR 3E B 6 e ) 2 Re M T e T2 s &M . %
D7 A R 32 A 4 DNA BB b SO A AN i >

(1)DNA #2H  DNA 4R BUE IS A W57 J5 1 il 0 DG 5 4R Ry 10k 23 5% Ml T A el SC PR AR 3R e
DNA $2 I 1 KB Jy Wi, B0 22 200 M0 V12 4 DA - S 200 6 v 2 BB DINA ) 1% R ] 422 240 L 7 ik vk ( B A
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b A B, PR BRI DNA) O Bk R k| FLRESRASTE 2 DNAMY | (R ) Hk A Ak
AT T A0 1 B TR IR AR Y I i R R 22 A O 2R A5 A B SR, G R B (A0, Dysozyme B
proteonaseK ) | =il SIS MR (40, SDS ) BRI % ( beads beating ) [A] B Ab B + 34N M, 7 + 35 2 B 40
S SR AR DNA S 3B05 3 B0k T e e ke sRIEE H Y

(2) SCERAEE ARG A AR R IR /D 2 ik DR 20 SC P — P RE 1 o3 S o A, BRIV AL JBORE 28 148 1) /8 e
T AL SR R A T3 €0 (BAC) BURRE ((cosmid ) AR BERER SCIE . /N BT SCE (<15 kb ) 388 B T 54
SEPH SR BT A RE A/ MR T IE B A T K BOCHE (>40 kb) & BT 40 B IR R R T B 35 i A
LB TS RN

(3) SCPEffe e e A2 AR Y - STk PR 21 SR SO R i 8 7 vk AT e e A e R U RIRE . R,
BEHAR FEAFR T REIR S e T K S e R S R R A T i 4%

SR R 20 Ry S E RIS A R A AR Rl S IR S - ST RE TR M 0 2 B S AL T ARSF A 4L
AF-£ ., Rondon %57 R BAC AR E T PN K A Be A3 22 3L 4 SC%E (>1Gbp of DNA) |, X SCEHEAT 16S
rDNA REGUEF e &3, SO Y DNA AR TR A AR T] (40, A G+C A 20 & W4l Acidobacterium,
Cytophagales , and Proteobacteria) ¥/~ T 1% T EFE S A IR S M E W Z 461 . FEE Schleper B 57 % M5
FATE A A AR BOCERYA RN S |, 5 — WG 1 78 el 1 398 58 DX 20 v R A T 1) i) B DR 2 1A A 22
PETH A 3 AN B Fosmid BEPK SCHE, A3AT 1 V0 AR SRR 4 bty 40 BR (1 2R

SR 33X AN ART T4 A SO ) S R SR 9 16 077 vk PR R LA v, T L AR R, A3 & FH R 20 AN ]
IR A ) 2 R PR 5 25 S 2SR AR
2.4 FEPHRESUIAREROAR

BERHR S TSRO R B T R ER BT o A iy 2250 RIHTHL UK O B8 S 24 1 PCR 9734 1 ki 43
I TRT B ) B DR 2ty P, SR AR 2 (5 B AT B R 3 T R . — P, 44 28l A SR — AN [] 4 T 44
Y2 B ( operational taxonomy unit, OTU) , SR 1A B T S e - SRR A W VR TR A RS R AR S , T
SEJE ] AR B WA RE RN SRR ol T EAT BRAE (AT LA K AT ) 234 2R D AR XN R B 22
Sz T LI P S5 R Z RPN DL S AT B ShaS W 8 SRS BORAE L SEWUE W) Z BT
G BB L R (DNA 20 RNA) $210 PCR (2 RT-PCR) 938 (AL Ik o3 AN GE i o34 . H AT,
RSSO EEA LU LA 2EH,
2.4.1 DNA KEZEMEIEMT

DNA K 2225 B35 70 A 2 2T TG00 L Sl A= W R I I B 2 54 . DNA REE 2225 17 W i il it
RRL P i 0 1) 7 A DR I A Sk BRU ) 1 v T4 B2 2288 (westriction fragment length polymorphism , RFLP)
FNA s BR il 14 B K B 2225 (terminal restriction fragment length polymorphism , T-RFLP) , 33X P> 7 v (1) i EEAH
[F), 229 2 1) R JC A ) BB s 2R PR M TR SR oy BIR il A 070 T A 5 FEL K 085, AN TR JBE ) DNA B 2 45 B
TER R BERAL & -, R TR UK B 225 1813, T-RFLP J& RFLP 19K J&, 5aflR T RELP &35 52 = (1 e s, B
fE PCR 934 By B vf , — 5 B ORI, S BEAT Ao o B ik, R R 264 S iy A G hR L B )
[RIUE, T-RFLP fiifk T RFLP B 257 3% , REAE T b S e - et 2 e ™ 0l TR DNA % %
B ARAE LA BRI, 50 RELP 138 5 # Ak P 392 AR DNA BR il 43 #7 (amplified ribosomal DNA restriction
analysis, ARDRA ), PR A 17 FH R 3K 267592 ) B, 2—4 B 0 49 () sf PR ™ A A TR RE 19 L 4% DNA
FW X T AR A W AR S AR ARSI X 3 AN TR AR R T ERY . T-RFLP HOR B 1997 4F 44
Liu 257 B O R F 30 E W 2R 05T LUK | © 29k 12 4t FH SR ATF 5 45+ 398 v 14 804 e s 254
FZREMEARE ™™ E84E 7RI ARDRA I RELP FE AR S 7K RS 498 v h 40 B8 1 20 B A0 25 ) 43 A1 4347
JE R B, AR AE R T EAEAS R R rh A ) R A 25 5. SR, — 4% RFLP (T-RFLP/
ARDRA) Z5H AT AR UM IUAE AR 25 5 S U E W AR RN i R R 22
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FAN KRR [R] BF X 43 BT (ribosomal intergenic spacer analysis, RISA) FIBH#HLY" 14 £ 5P DNA (random
amplified polymorphic DNA, RAPD) 1 /2 K i 2 45 P 1 3% 5 0 b i B 5%, 8 ORI 5% - 3 AR W) 2 4
TP RISA DUSAZAEY 16S Fil 23S rDNA [R5 1 Wi A BT S B M rDNA /)N 55 BT A 18 22 2k
s IR TP RUE W 2R . RAPD J7 A FH S T8 Y BEAL 2 S A2 IR 7 51 G 10 bp) N5 19,
TE—EM PCR 500 T (IR KRR ) X - HESL 4] DNA SEAFREMLY 38 , F= W9l s ok o B e 7= A K 2 A8 k4R
i,

2.4.2 DNA o281

DNA 13 22 251 1% 53 B 72 oK 73 B IR 8 DNA 37K BEAHIA] , lHE 7 51 i s AN [ ) PCR 973878, 1%
F AR 2 B HE A P 7R v B A R 5 JiE FEL YK ( denaturing gradient gel electrophoresis, DGGE) | 7 B 456 B % i Hi ¥k
(temperature gradient gel electrophoresis, TGGE ) FHY [A] 5 B A% B ¢ s FEL K (temporal temperature gradient gel
electrophoresis, TTGE) , i3 48 HL UK F A 1Y JFHLEAR LAY , RI3E 3 (F X0kE DNA 784k 27 A8 P 550 5l 5 1 B2 T i 1k
T FE R BRIE T BB 30 e A8 Pk JC BB | SR AR AN [R] 7 910 1Y) DNA 76 SRS A R 5 e 1 4% 2l i B 1Y) 2 5 TR HL 43
BT B . DGGE AR T8 FAG I AL (19,50 28728 | ) Muyzer 551 H oy WM F F i 2k 9 26
ZREERIBTGE LK, C2ul) 12 0 F T 3 SF IR B U R 25K AN 2 RE PR DA % L S T4 DNA A
Wit 7> B AR 78 PCR 973 LR AL, PCR 519 A9 — S 4 o L —1~2 30—40 D kZERY GC e 1 LU
PRUES" 38 P~ (e g B FEL Tk A B I, R 2 T 0UBE DNA 58 S il i st . RIS 1, DGGE 1] LI AUA 1 bp
A2 510 DNA BT, SR T % Tt 500 bp 19 DNA F I8, DGGE 1953 8 R SSFEAE™

TGGE I TTGE #8/Z1E DGGE 3Ll b TF & ok (1, S A8 R >R il BE A 32, H S B I 1) 228 M B 58 1) JE
RS REHIA—HRE . 1 TGGE Jy b, BB Y b3 3 R i A7 — A~ 180 52 LB BE ™) I /E TTGE i, i 2
TEHL KA A b DL —E YSRGS HU I N Ay . 78 SE PR RAT X S J5 i) TTGE BE 25 5y ik 31, iy HL iy 7B
B BRAIL T B () 4 BV R o) B R U T
2.4.3 DNA G 250 RS o i

DNA FRgER) G 251 ( single strand conformation polymorphism ,SSCP ) 42 55—~ 8 £ i $5 £C KiEEAR, &
S ML T EEE DNA MR 22 550k 70 B DNA I Jr ik . BRiE b, 24 DNA 43 T8 b — it & A s
i, BEE DNA 128 [T B M R0 23 K AR U | 3k BU 23 (A R R AT 22 57 1Y 4% DINA 7 {28 R D 943 Tt Jg 5 v
HLIK IS 237 AR AN R TR A 38, AT ] DAFESEIE b7 A 6% DNA %7 [&13% . A DGGE —Ff, SSCP iRl L /2 4%
TR I I A 245N NG F LB T SR AR AR XT 300 bp (1) DNA F v (1 SRR L 2848 | 1T LA ik
2 90% VL R AR A T 5 R DNA B0 B3R TEAE A8 58 DA 0t Mg B v A A~ S 300
MBI ZBE(PEG) ™ ZH AR MM R TCT DNA R B GC e F5E i 28 1 6 B8 1) 38 , i 48 A 4 X
il B2 Z T S E W RETE S0 M, Schwieger 251 B YRAIE B SSCP 75 4+ A Wy ZREE BB 5%
rR A N 1, 5, Kleinsteuber 2514 FI ] SSCP $ AR T RFIELE (0, 7.5, 15 F120) By S5 4 +
B AR A AE Ak, Smalla 25" FI| A% SSCP 7E N4 3 B DNA $5£0H A (53 Bifl2 DGGE 1 T-
RFLP) %2 [ 4 Rl fifh LI b BRIV, 45 R A0, TRIRFSS T 5 S i 3R M A G, X T[] — 28 3
3 AT A AR LR A RS ZREPESE R . Vivas %70Vl 3 PCR-SSCP 43 HT A& B, 1E B 2815 Y die /™ L 1Y
+-HEh PAH BEARIE N 1) ZREVE B K B, 8RN, SSCP A FEBIVEA 22, 5) 52 WL UK TR (4—16°C ) FHBE I ¥R i
SEARAFRFZIE X T 300 bp LB DNA P41, 20 BEBCRIET .

2.4.4 DNA XU# (2-D) B Hr

DNA 3w (2-D) BIEH A SE —Fh B A w2 PR i B L R s SURIEHOR . IZBOR 2 DL DNA JFHI7E K
BE S Nz (A4 3 Fh 2SS E P BT TS DNA F B0 B A , % 42 2% 1) - 38 3L DR 2R R A7 4 i
AT DNA RU PR BB ) Fischor AT Lorman'*) T 1983 454, I 2 TR W A6 A .56
A5 AR, PR O T M PR B 5 MR MR AL, L5 TR 0T LR 1 T A
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PURHEHR , Tsshi 5517 T 2006 4EAIH] 16S tRNA KEPRITE VI 5 BEAE AL X IR F AR 225 E (R EERIST) TFR T
— AR R 2-D BRI RER R . 5K, Lin U0 R )y i 1 T - e A M e TR A R 2 R
PERIFSE , O H 2 R SE T A AR A 2-D R EEH A 540, Jones and Thies' '™ g7 T 0] LU R 1
Y43 B U WA B R R R 5% S 18] B IX (internal transcribed spacer, 1TS) F Wi 2-D AR

2-D AR =R SR BT LR 5 4 HER IR R F # BLEY DGGE \T-RFLP 1 SSCP 45 — 4k 7 ik ok oy
TS R W7, R 2-D AR el ARG Mo o0 P, ZERIAEW ST % ™ AR LA T RISA \DGGE F12-D Jrik
TEATAT R GAR PR L3 A0 B Z AT AR TA] 25 53800 2-D ik REe A AS o 2 00 L3 A AR S B . 2R
BB 455 204 T 39 VIR 45 o Hr i, AT 8 20 HE kR 1 2-D R 7T DA b 5 e SO b i S BRI, 9
F2-D ZH0nT LIHEBRIBLE i F PCR A5 R Y14 7= A8 1 1 51 AR BH 1 o B AL R 471, DT A I 1 3 A
P4 B A e B 5 R R

SR, B FHE 2-D BITER AR b F & S 0T, 17 FLIA 32 {0 i i PR, E A AS 38 B[] B oA b oK i
B IERE S, BEEH AR R, 2-D FiARAE e BB A W eI 4540 2 BEVE A A ol B TR R AP
3 TERAEYMSHEERRA AN AR

WIRGATA , BRAT B —Fh B AR E A ER R DRI, AT AT — b D7 i 8 TG0 4 T i A o - S 03l A W e 5 2%
TR ZREYE, ESCBRIH b BF9E A B ARSI A O BOBIFSE B AR 22 R0 25 40 4 B0 SR Mg ek /iR 22 | AR AS
FER RIS E . Ellis 250 FUHE SR MAERE 32 00 i 058 T B 48 15 Ye st nl 5 32 foR n] 55 3% LI £
BEVERISEIR 2555 B B, 4 Fh s e 3L L 411 DGGE [ REAE 3 FEALL , T 4l - 398 174 7] b5 375 400 1 6 AL 174
DGGE FIEHIE R TARKEAE, FE, EEN TN, X T PR 8 4 e % 386 W 2 P Y 52 e B 5 1710
=L EFRN )T AT BE B HERT . Enwall 251 FIH T-RFLP #1 DGGE 475 B3P 1 4ll 4 38 v i 0B i 89 20 i
ZER L, DGGE Fb T-RFLP A4 5 & A, 5058 & X REA AR TA] . Rosenberg 2517 F| /] FISH 1 DGGE
WFFE T - HEARTE e Xof BT S A R 4 DR PO S ] 57—k 4 1 ) 1] 1 A4 0y 40 2 o Rk of A P 4 1
FEVE J AR 1, Voget 2511 3 i 964 1% 37 Ty 6k 0 98 2 Ik DR 2 2 07 30 1940 316 W 2l 6 5 HH 224 L IR 114
A A AL RN SE R, R T R Y B R 2R
4 TEMEVEHESHEBRBTRAZEFEONEE

I PR 2 RE I TN B A A A ) P 0 ) TR R R RE A R E e RIS R
SGErh i Iae A2 0 DIERUE ORI DR 2R A B E R EENE X, S5, LM
W) ZREVERBHT AR ML T LA T 17 K& R

(D) FFEFRE TR AT B IR B AR ™ 4% B85 37 21 BT B, A R85 5% - 3 v /NS 4 B A=, (R
S B TE R KT (0 s 0 T B R B T R R E M) O FE R AR W R B, R E AR R, B4,
BT aT LA A R o A3 JER B R R B , AR I RRIC TR B A W2 O AR A T A Y 2 IR AR
W DRI B R AR SR W 2 AR M O IE 5 A SR R AR T Y, T T B BB AR R B SR s e it R AR
CRAEESR BIEY) . Kaeberlein 21 A RS 70 L E IR, A LU M TE— DA BGR B3R BE P R A
Ky, MR T — B H SRR BT IP HCk B R 77— S 7E N T K B 95 3 LR AT RS 3% HOR A 7
"8, Joseph Z5EOFI I —AN A7 55 (0 AR 7738 CREAE— A KB RET BL) M HHEh 15537 40 B T 350 A4
AMEET 9 NUHEET TR 60 NMHFEF) , 2801 168 tRNA 2524 A & B ,93 N 4HTEMA (8 T 20 R
ZWIAEFL) S FTiE B A T B SR 40

Q) —L LIRS TFAYFERA S TFAEYFEAR R SR B BB T AW E 5 R R
TR Y 2R OISR A TR A T L BRI, R MU AR AT I AR E A T T A ik — A
e, AN, % i R 2 o B O - U E M R R BE D R T R E W IR AR e A R
DA% e 3 A DL i R N S DR O RIF 9 D T A T R B R R S, SR, B %0 ik TAE R HL X DNA i i
I 5 A0 B SR RN R LA v, A S B 1 T PP /NS R 3 A A AT 9 3 AR 5 J kB TR A A X
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JrH AR, R, 7645 75 2k 7 10 19 % G0 — BB LA bR AL 52 7 S8 LA DT RS N AN
i, P R BORBR T 7 B B AV AL 7 T — 20 SRR A, AN TR] 3k PR 55 4 22 [ 1 i P 5B A P ]
WARFHRGE . T30, — PR BT R A IV B R 2E R U R — A S R e PR B AR 28 45 7 ke 1 3 4
AR EEARTCH I EIEIRRR TOH TR IE R P91, BRI R U T 258 DNA 9 B 4 SO, R,
Xt TR I R T AR A 1) + R 5 IR A SEPR B, T el — R

(3) ZFHEARA LG Z B, MER (9 L SRR Y 2 B PRAN AR AT — b B — B R R IC 1 58
B, Hetn, Ky LA MR AN B i H BT R ARG IR BOR B SR 0 SR, RV B T A W e BOR W] DL il
AT REFR AR  (EJ B JCIE R RRROKF Lxt S WA T it o, DL, bR o LR 2w i) S A
ZREVERT IR Z 2R IR A LA AR S
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