R RN R B4R 3

P HE

FAMEHE Y (R POPs), #iIAKE 21 HAEMARLFSEEHNERRL
B, dTHAAIGEDESRSREE, BAEMERME, LIS E. T
B BB NN S W T ISR, SIS RNRESHENBEE5|EE
R ERFUR, &EBRFRMRANEEXE. BFAENER RN, BAMAEE
B, Rouk)™, TEATRE. 2R, B3R, FHEEYLE, REESXERGEA. 20
e 90 FERLUE, BeRBEZHEZNRBTHRAT ZHEANEENE, FEERTHE
™R BENEH . 1ER—F R FIAN POPs £ BTS2, BFHS A R4S
ATHIE R W B E A ZRE, IARAEAEHEREE. S TLEMEY.
Y. MYTEESRATHEEYE, AMAFHYI FEDERER, RAMKLR, 52
BRI R R Ik B, IR TR EE., A=MHE, B L EMEY S
PR, VRO T BFEX A4 DNA BV LA LI A B SR, WTFT
FRFVAEBT A ST S R B DA RO BT P B SRR A B AR R B
FEERX. FEMAGERUT:

L ATHEABRAN RSB ERGER, RAZEELRTE, HIRT 0.1, 1.0,
10.0 mg/L KERRANBIRRAME LS H., ROGRENHZNER, HRER
R, BFHERERRARNE LY R, LG, BIRRHME L5 RIEH
W32 B O, FRRAERHD A2 FEE R AR JH A R FEE R R 2 [ 384 P 838 . BB BRI IR B AT e
BTN, TEARRA MR RO AR RN EANRE. AL/ ERERE
AR ER R AR, ROEABTREUBEREEMER, HFAEHENHE-
RXFR. EERRREFMETHRITEE —EREKRE S EINRIMIER DNA Hifs, &
RGN,

2. BAERRRKER (BERR) £—FIE. WR. E&H DNA REHAF
B, BESTRZNATEMALRMERNAEEFZEYR. S CELEERR N TH
Fr e a4k s 0 B R0 (5 =B B 40 DNA BB ER . ARG R ER, TEREMDT
A ESTE (7d. 14d. 21d, 28d), SARKEGIAE, S8 kK40 ff B =R
Fréiffl DNA #5505, T EREREMEMANEKERK, SEERKE. Olive RS
RIE A LI B, XU DNA G2 E 55T RK B RL N R N X R.
FAR ST S8R0 = B A T R .



HirFXEY) DNA S B HR I YR AW

FHRERMAT EFAHEZNEENZREDE, #THERINEERER
PRK . sk, MXBAEMLL, 2T 0EE A= N 5 4 A% E g
2R KN DNA 4545, i BLBERR TR ERA R (38 2 3R e B (] (AT K, 40 R
FEAERGEREMEZ N, AERENREE. REG=HEHRENATHEYEZ
L8, BRI RXTHEY DNA K15 .

3. RA=ZMARFE, 4500 L8 HMEYE DNA BHTRBBRKM LR, S4REH
BRALERAFINELE SRR ESREBEAR. Br-E2MNERE4 DNA, BHAMATTER
HHENRARNUE, FAKBHEYLRALE TER THENS TLEYF LR

4. R HME 16Sr DNA V3 XEEAG, Bitsdsy ®MRM AR+ H Mg®
dNTP. 3F|¥f4MF, XA Nest-PCR Fik, RILTEF “GC” &H5191) PCR F 1§
Fik, B TBIFHT ®™=Y, 8 DGGE kBl &#HEEW, fJoHHE&THED
BZ.

5. FF DGGE 58U HiHi RS T 8 F %t LR E MR £ L2, BdxA
FREFEME] (7d. 14d. 21d. 28d). AFHKE (0.1, 1.0, 10.0 mgkg) BRI H T 1%
WA4EY) DNA #1T DGGE ZHMM S Fieg B Hr, KIBEEHEFRBIAR, &408#
Z BT RE S HIT —EMER. ERFHERT, TP LA
B4 K S22, BEEEFHEE A A R R G e, HA R AR IR, ERH K.
MR —SMEFHENERESE, RAFTHLEA. EEMARLRED, BEERTRER
T, SRS IKIE &R Jaccard $ESURIMEAHR PR, 7 — @ W ERMER K
BV N, BSEx R R R SR M M BN K R R ST X £
EYBEEHEEHEEN.

X@im. A &, W%, a=HE; TEREY: /fEidE; B2
DGGE i#1&
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Abstract

Persistent organic pollutants (POPs) are a family of organic pollutants that are persistent,
bioaccumulative aneasily cause adverse effects on human and organisms. POPs have been the
concern of all over the word. They present immunotoxicity, endocrinetoxicity, reproductive
and developmental toxicity, carcinogenesis and so on. The ecotoxicity studieon POPs should
be strengthened. Endosulfan is one of the most commonly used organochlorine insecticides. It
is being extensively used in crops field due to its broad spectrum of activity and relatively low
cost. As a result of its widespread use, endosulfan has been ubiquitously detected in
atmosphere, soils, sediments, surface water, rainwaters and foodstuffs.Taking into account the
magnitude of use, environmental levels and human and ecological effects of this compound,
many countries have recognized the hazards of wide application of this pesticide. Today,
Endosulfan has been banned or severely restricted in over 30 countries, but it continues to be
widely used in some developing countries like China and Thailand .Studies concerning effects
of endosulfan on soil organisms are needed in order to evaluate its toxicity. The aim of the
present study was to assess the genotoxic effects of endosulfan in Vicia faba, earthworm
(Eisenia foetida), white clover (Trifolium repens L.) and soil microorganism. From molecule
level, DNA damage and effects on soil microbial diversity induced by endosulfan were
evaluated. Our objective was to get a more comprehensive understanding on the effects of
endosulfan and provide more information about the potential ecological risk of this pesticide
on the soil ecosystem.

The main results are showed as follows:

1. Vicia-icronucleus test is applied in most fields, as a detecting means. In order to prove
up the influence of endosulfan towards Vicia faba, cell mitosis,chromosomal aberrations and
micronucleus were researched. The results showed that when seeds were treated with different
endosulfan concentrations, 0.1, 1.0 and 10.0 mg/L, the cell mitosis of seeds were
inhibited.With the increasing of endosulfan concentration and poisoned time,the inhibited
effect were both enhanced. With the increasing of endosulfan concentration and poisoned time,
the frequency of the chromosomal aberration and micronucleus rate increased. There were

significant influences on the chromosomal aberrations and micronucleus of seeds treated with
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endosulfan, which effects were relative to endosulfan concentration and poisoned time.It was
very clear that this pesticide with a certain concentration had effects on cytogenetical toxicity
of Vicia faba root tip cells.

2. The comet assay has been widely used in the fields of genetic toxicoiogy and
environmental biomonitoring, which was a new tool for genotoxicity study. in the present
study, earthworms were exposed with endosulfan concentrations of 0.1, 1.0 and 10.0 mg/kg in
the soil. The white clover roots were immersed in hydroponic pots containing nutrient
solutions of different endosulfan concentrations, 0.1, 1.0 and 10.0 mg/L. Tissues of each
treatment were collected on the 7%, 14™, 21% and 28™ days of treatment process. Significant
effects from both concentrations and time of exposure were observed. Under our experimental
conditions, the induction of DNA damage in Eisenia foetida and T.repens specimens appeared
to be dose-dependent throughout the exposure period. And endosulfan induced DNA damage
on earthworm and white clover nuclei.

In this research, the potential for DNA damage, as measured by the Comet assay, to act as a
biomarker of genetic toxicity in white clover plants was considered. A significant increase of
DNA migration was observed on the nuclei obtained from T'repens leaves. During the
exposure period, DNA damage increased as the exposure concentrations of the pesticide
increased and DNA migration showed a dose-response relationship. The T.repens comet assay
is as sensitive as the comet assay using earthworm cells which could be used in genotoxicity
study of environmental pollutants. To our knowledge, this is the first report describing the use
of Trepens for genotoxicity assessment of environmental pollutants using the comet assay.
Based on experimental evidence obtained, we can suggest that DNA damage of leaf cells of
T repens may potentially be used as a bioindicator for detecting genotoxicants in ecosystem.

3. In our study, three soil DNA extraction methods which based on different lytic
principles for isolation of the total farmland microbial DNA were compared. The results
showed that the chemiea-enzymatic method was better than other methods. The
chemiea-enzymatic method could obtain the best DNA with the highest molecular weight and
purity, which was more propitious to molecular ecologystudy.

4. The PCR method ,as there are “GC clamp” with the primer,was optimeized through the
change of Mg2+\ dNTP. primers. Primer, The traditional PCR and Nest-PCR strategy were

4
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compared. The result showed that with the Nest-PCR strategy, the aim gene fragment was
best amplified. It was more suitable for DGGE study.

5. DGGE method was applied to analyse the relative genetic complexity of microbial
communities in soil treated with different endosulfan concentrations, 0.1, 1.0 and 10.0 mg/kg.
The target gene was separated by DGGE, and the cluster analysis wascarried. From the result
we can see that there were abundant bacterial communities at the different treated soil. The
result showed that there were a certain differences in baeterial communities diversity in soil
treated with different concentrations of endosulfan. The results showed that many bacteria
were inhibited in soil treated with endosulfan. The Jacarrd indexes among the different
samples and control were reduced throughout the exposure period. With the increasing of
endosulfan concentration and poisoned time, some bands had been changed. It means that the
mutual benefit communities were developed and others were restrained or disappeared. From
the result we also can got the conelusion that DNA sequence of soil microorganism was

affected by endosulfan,

Keywords: endosulfan; Vicia faba; earthworm; white clover; soil microorganism;

micronucleus test; comet assay; DGGE method
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£—E §s5
1. FRARFHERINESE

FEA A PS5 L) (Persistent Organic Pollutants)f& #% POPs, & —3$ 42 R 5 HY),
HEBRAKB AR DAY, TadEMTEEN KR K. EPHESKES
%, BREZWAKERAMFARBEHRAKATHENEEY. LAGE/FAME. ZE
EHEERA Y ERE =M

FAMRIBEREDXN TEENEYEMR. SR B RERRIEI RS,
HSEN—BEHRASEF, TUEXR. KE, IBRAIRBESAEFFREEEEZET
FEEK MBS (Carrera etal., 2001; Van etal., 2001;Tittlemieretal., 2002). fitm, 2, 3,
7, 8-URAZHEH ZHEHQ2, 3, 7, 8-TCOD)ELFF ML —AH 10 &, HRE
MIEIHN 9.9-98 ; HERMW 2, 3, 7, 8-TCDF RIHAGMRBHFHME, BEKE
FHEREKIE 61 FZ A(Geyer etal., 2000).

R Bt R TR POPs REEH R, SMNSTFNLE, EMERKEFELRE
REPHUBAERFERRMEXSBRY L, XBTFEMESHEPRAER SRR K
R, FrASERSIEPAMMIER . V. BER, #TEZERTBE MR, B,
EESKEEMNRN S POPs WFE, BIFERMLMX(LHS%, 2008). Weber
Goerke(1996)HF 70 R BRALAR & K £ 4K W ¥) pp-DDE £ B E W% . Skaare(2002)HF5% T
JER e (ZEEKE) PCBs & &, 7 21~228 ng/g((FHE N 67 ng/g), M EZWE
e RSB RGERR. IKE(2005)@ i e LRI IR POPs & &, FFxtH
DAEFIER 2 F 3R 2 0 R AT T IR St tE{F POPs W B 2RV,
R FriR AR ERBL,

LERIERTE POPs FMEHUKEYWR, M5 TENEWERIERALR, HE
REMRESHEERYBENEKTAE, BAEYBCRER . BRI F T
BEZKHEREARAK POPs WEHAETHIKRERRENMES. £FHZ(2008)1RiHE
B EWENEBERE, FRYBATARRENES, HPEFEKEF AT
FHS YA RGBT EAEIEE 1121 5. ERHBT POPs XL, HAM.
KEEEAREMAYR BERRER, FHRN S5 REEXTENELDR.

2. HRHEHFIN CRTFRABEIE R NTEIREAL) KRR

il



Bty ) DNA S B3R E MR & SRR

X T /D POPs ST 2FRHIE W, 2001 £ 114 MEFAMXHFRLEE T (FHEAL
HHE RO ET/REAZY (FRR POPs A4 B MBI AMER IS 44
MIHE, DAMRIPARERMEARE R EE. Gt (EFRELAZ) FINEH
ZHI)POPsH 1270 () , HPHHNERRARF 8 F: Wi, SUT. KR, X
KA. KA. BIKEKH. &, FRE: TR 28 AERMSEEKE; Tk
PSRBT PR AR B G 2 . IR (B E I p-TIEI) | RN (B H
THIREE)

IR (HERREEAL)Y 588 £Me, H—HATTHM HMBLRLEERE 1L
FRIIASAMRE, REGREANEANER, BBKETHEAEIE LY H
BERAS (FH POPRC) , HHARMEALMME, B HH5] St THN. @il
TG, HAHRKIPERBRELFEMFIN POPs BEATIZH

H 2005 €€ POPRC EZAH T =KW, FHUT BERFHENM 10 L.
2008 £ 10 AN BHAENREW, #—LHLCHEHRFENK 8 FYFFIA POPs K]
. REFENERMER, BRAHRIRESEIIA POPs #ATIZH.

3. WSS

3.1 B M A
WS XRBEF BUT RS ZERGF, WELA 123477 NEAIH22 DR
-2-H5-5,6- X 52 F 2L WA BRI, 2 T XA CoHeCleO3S, 70T B4 406.9, HFE AT -

BRI R E BT oA E A, dRRAAAE, B S UMK, HSE 1.2Pa,
RN 106C: ANEFAK, BT_HE, &5, WEEFEIER; ERERSDAIE,
FEBKMR N B ENE; XERRE. RAFPRNETE 2 BER 0BT
B-Bi st
3.2 B FHE P A0 B PR &

BiJ) % . i E FarbwerkHoechst 23 7] 1954 SEBFHITT R, RHAEPERSRF, BEh
ARG EREM, RAUEr, TEATRE. B, #53R. ZF%iey L, REEXKER
R/, Wmgeit, RERJIHERLET 1994 4, £ 2004 4 11 F(8], f5i+EHEHR 25700t
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WHO fti#ll 1984 4t F 5 F17= 824 10,000t (ASTDR, 2000) , HEGSEEHEARK
RIS I BRI AN E7E 9 A 2B 45 ot

XH. A, KEZERTSERARAZET AR BENZW, £EXHTHEH
BOLERM T VRS LE . 2005 £E 12 ABR Sk BT 2006 4E5 B, HELTM
BEMTPRUEUZEDRYMOEE, FFHRIITEEFIRGIE, MEK=RPHRTHRR
5% B PR B (MRLs)4 0.004 mg/kg; WHO 1 FAO M2 ST B8 K AL B E(ADD) K 0.006
mgkg. FHE (RAPRAZRKZHREY (GB 2763-2005) &, HFHERTHFHRZEK
FREREN 0.5 ~1.0 mg/kg, TIZEAKF= 5 5k B R E AR RARE.
33 WJTER BN RPEB L

TN TP BRI T REE A RIE: BERRWAEFPRKEFHANG, LRER
FHEP SR AR R A PR U E T AR T RN, B —80E
REAKRS, BEXRBFHATRERRE. BHRERED EREFTEWF BT ERK
R WERRBRAERT, #EEE 8K ES. EFREF, FiJTa AR
FHREREE AT —BE, B-AJTHE ao-BiFHEAFKRIGRANY: RAFREN SN 55T
Y, HHEREPHFAETK(Anon, 1984).

K, BT EERERATT 8. BITEKPREERRARN 44, BERENK
pH B RPEEYRRERK. FAELEPHIEFZHM 60d (o-BiJT) 3 800d (B-Hi/H)
A% (Romeo and Quijano, 2000).
34T EBRYNAR

H a0 P b2 0 BT BN R SR MBI T — L0 5T

AT BHERSE. RERLE. FHRAERM. . BEBEHERE, A&
BA BARZEKBKELSIESE, TERERLLEEMIBMALSYE. B/
KREISHEZ O LDso 4 80~110mg/kg, KA o FHIEA 76mgke, B FHIA N 240me/kg,
S F B BHEL R LDso K 359mg/kg CRE4%, 1996) .

Singh % (1995) #REMM KR AR WIBYE AR FHES e WA # ik, RN
i R E KRR, ROBE (2002) BFFEH AR K AR & A5 485
ERTERMD, FERETLOME, FFaE5EMMEAHELE R E/LM DNA £
wHith. BFRE (2004) HARHRTFEREMRPRBAHLER (DA) R
4, XHASMETRH DA BRI RL(PC: 4RI SH A B1EA, HAHT RS RETA



it St A4 DNA R4 L3RR A g m

. Cabaleiro % (2008) #RIEHL /TR B ATAH B 2 4 IR S R BRI & B AR,
FHERHERETHXNRZEE M.

BIKEAYRARBRO SR, EEWRER, BARKELEMEKERE
96 h H1 LCso G2 54 0.17~4.4ug/L 1 0.09~3.45ug/L. F7K4EF 55 ML HBIK
FE(LCso)F £ 7 - KE! &(Daphnia magna)4/i#k 48 h i) LCso K 950pg/L, KL XS (Penaeus
duorarum). B K BYF(Macrobrachium malcolmsonii) 96 h [ LCso 4354 0.004pg/L F
‘ 0.16pg/L (SHE RS, 2007). Chuah %% (2007) BAR THFIxIK & (Moina macrocopa)
BRI, SGRRPKEDRFHKER 0.0004mg/L i, B8 15d, KE™INRR
BT 70%; H5FHKEIAS] 0.002 mg/L B, KEBFHEEBADT 97%. llaria % (2008)
BHT THRFE 5t ds (Bufo bufo) SWEHERRIA, 48 h ) LCso b 0.043mg/L. HitHd
BB B R B 24h 5, HAOWRERALHERLRERE, SRR
WARBE Y HERTS . Sanjay & (2006) KAEELBRHRT G I xi#ita (Channa
punctatus) WY, SRRB\BASARMGTAL M DNA WZEHRE, FEHH
BHFERNKR.

BT BB RS R W BRI S SN EEE. BTHRARHA
WS EMERRE S FEEERMNESE S, N SBEEERE. BN AR
(Daphnia magna)E EACYIEAES . BHHIKERRE. AR HIKEELYBRENE BF
W, MxdEeEMrEEREEERW GAERSE, 2007). 55K 4 m]
MEREREEELW. ARTTRESHET 10mgkg B, 7THPH 35 RITRIN A
(Melanotaenia fredericki)3kF M K EYEAEH , 3 5 BB & K45 (Macquaria ambigua)F1 5,
LS (Murray cod)3k'F A M EWAER, BRAHET LR TTX 3 Fh SR 40 M s v

(Harford et al., 2005). Soto % (1994) RIEFHSI1EAILIRAE MCF-7 41 51858 1R
B BEHEERENE, HERARNLRFIEL. 2002 FE MK K FERAITHNIER
B LR EN R S B R G IE X Padre 4, BT K B8 HERR ST B 74 BB SR P d fr)
T, FHEEEMEEMER 400 NMKETH 156 NBH IR WA
SERAMERUB LS ELRR.

AL (2005) BT T RSHEA TR B &4 T X R F RS (Eisenia Foetida)
REEEMR, &RRAGMANFTFEBRE 7d. 14d B LCso 514 69.08mgkg
31.95mg/kg; BiSIHKAE KN 25mg/kg 4bFE 14d KA KAMFIZRIA S 88.03%, 1t BIHR T Xt ]
RAEKAF™EMHIER: SRS ERENERENEN, S MNKELCEHPin
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BRI H AT T O TZANEPRESHE. B LRRESVHIER LR
B, BfHEEREER, FERANARRMEERERD, FEBENHERNXR,
BIA RSN L BB A A PE R T ™ E#ZW. De'bora % (2008) WFF THift
AR RN FEHN, 4RRAMFITINT REERRA M5 Bt 2P G1E AR IEE T
%, ERAREEBERERE, BERFIKENER, LEAREERRE.
4. FRNESHESA LS
4.1 BEMZ LR

W EREIET 20 2 70 FR%], B 5EfH Countryman A1 Schmid (1976)F| F ki ik
REMARBELT HENE L. £ 30 ZERNRE, FEEFNEGHACKENE
AFY RRAFMAL REY. & FRAEY RS FRZEEIN L LR. B
THEER—FREOM B EEHAME . BIHAGRAEAR NS KRG A,
T ERREFREZM S RAAM, EREER, LRROSERAE KA REEE &M
T 200 A4, THREZREL T ERFGUEN Y, FEESEEHNE. B#E5
PMRESR EBTR—ABIR, BB EAKRGTUE—ERE L RBRFAERE
M T EEFWBREDFRITAG (Reed, 1959; FRIE3E%, 1983). A 1982 4 Degrassi
1 Rizzoni Z &M RMMHMBHEAR R IEZ AN ER, BIWNREZAREE
. RE. FHERFIE BN RRER A, BEERE, HEETRMEFMR
W WARREREGTRREN RN, REFERITES, EREHIREPERENHE,
R TR WEERHERTREMAS, XM AEREREE. WREHRS
R ZE ST FREFHER, MIRHEBREKRNAS, T EHEEERERFE
HBRERMER G, TREARSR PSSR Ok, XEREHTARR
EURMAZYIBRAES), WREARAT. SHAOAMBTERT, X85 B E %
BKNAER ML, MM . BT r=ERHE S5 T FE R F 5855 RIE
EE, BTEATT BRI IR B 2 RPN SRR R 7 X AR s e Y R O FR S . 1986
A KRR S AR KT IR E RN RS RBARMIEY BV FK
HERM. REEFARENEE T & ERR M 2RI E IR TR A I b 4R,
L ATBURDEANE THRELRRR, B TRXHEEE, FENESHREEA
#; RN ERERN. BoEfPERSRENRESREN. #EMERNSEE
BHEZ—,
4.2 B0 P R R P K S

1n



BifI3 4] DNA S0 R 3R E YRR SN W

40 i VX FEL VK 8 B (single cell gel electrophoresis, SCGE) X #K # & 356 (Comet
Assay), RIEERKBRKM—FPE, BUR. FERNENFAANE DNA H450H
BR. AR WSHEREE, FiZAERRmERB RSB EFEY R R
FREY, TZNHTREE. EYE. B2 A Y% SR (Mitchelmore et al.,1998;
Lee et al., 1999; Steinert, 1999),

Z+itt 2 -E+4EAR, Peter Cook Z(1976)HI%E T —F I JE B F 2575 FIF 41 fruvis ik
MRLEI TR, KR ER AR, RERERE, F MR JLPRAENEA
BABEIKRERID, FTFHHLHZERR RNA. BERAMMNZE UK DNA Fify
R, H DNA HRUEHE LA /MBI 418 B AR O TE RS RIR E 45 4 . AR IRBE ) 77
7E1#f DNA A e B BHiERE, Cook FiRH—MEZRY, DNA [RINTHMINTHERE, HRMKE
B—RIR, TIARKHES T DMARAFIRZEER, SFUBBRIAE, RGN
EKEBOHRITR, ME— 28 . R, R EEN RN R S H i T R AR BLAY
RN, MRS E DMERIB A S, B E IR R T MR A 2 4 Mk a8 T3 lie s
JG, Fl 25K LR, IXFE DNA BB E 2, FI 455 s ik . B 2 A B 5 B Ostling
1 Johanson (1984)HiR, fif112% Cook FMHKAZLIEEL, FFARUAIABIRIEN DNA XMEE
BB AR, F5L b, 5 B B A3 R 0E 1R R m — 4 i 2B . Singh 55(1988)
BRI R ik R, ETRIIU Y 5% DNA ik, {f SCGE REMEA KR, LR
Wi, BELRBAELFEE DNA 9 ITH 1K H DNA 7R € &4l DNA W
RERGARAER B THARESEH, BREERBNNA.

B K A5 2 TR0 T LAy b o vk A R K T A L R B P R AR LK =K
¥, AR pH THELRMRBEMENEEARR, SHHERKMN TR DNA XU E
, PSR LRNA AN DNA XUEMKR. BENKRAERERM L, B
pH 13 £ THAEELRRNNREE XK, 7N DNA RREARTEE A
R RERWR, RENNAEREEMNAEEZMERN DNA Hifi(Mitchelmore and
Chipman, 1998). M3 35057 K A H FIk AR AR [R], B4 J A Pl 9K v DA 4 4 B sk
B ZBEICH = B ik B AR . BUAE B o F R R A = B I (B S 4 e e vl
%, MEEAREET=EHEIENPREE, BREU“=HHR5EH.

EELRMRHE: TR PN, 285m0 T ARG &R Y
SRR RS, 7EMERS O A R B RE N P A R A PR . R R LT R W S B
W, AEAEEAR. RNA ISR Y HEBIRFEBE T, DNA BASTFEARGE

12
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HARBH, REEEERML. £EAPEHAEROMNEMHT, DNA RS BIRIELEH,
{H25 DNA ZEHRG LR, &4 T DNA WA B35 i 5 7T dRfdie, 1F
H i DNA BRI R A%, DNA KRSMEE, HEORE T AAS, FERGPH
JiRLAT ) DNA Wik | IERB ). T 88 M DNA 4 FERK, BalEERE; Wl
] DNA 4+ T BB/ BIERER, FHARNZEREEERLBHE T oI IHEZ]
4 /futk DNA 2“EE2"K. DNA ZEMGEB™E, FEMNNA RS, BikNERE
B BFOCERBKR, BT LLUEERIE DNA T4 8T8 K 766 % B R E
DNA #4512 (ELE, 2001
4.3 BB B BRI FR VK L 38

A5 4% b BE B FL YK ( Denaturing gradient gel electrophoresis, DGGE)# tH Fischer I
Lerman T 1979 & LR K H TR DNA REH—FEKER, ERSPEEHE
WG K E &, TR — MEERAKFERER. Muyzer & (1993) L
¥ DGGE HARN A TS FHEAETI, IEH AR B R AW S BRI
A ph e AL 5 T H R e AR

BRI BIK R A E SR B IS R A sk S mB B A4
THEYHESAR ZHEARRRILFIIRAE, ¥ BK/MEFR K DNA 55145 . XU DNA
ST ATREZE 2ANER, T GCRMEZRE 3 AMERERE, Fik AT B
BHERNINZHEERT GC EX . BFXNUMEENARAFHFIER, FARRFIIN
X DNA 7 FRADFMIMBERE . B 5E% DNA #1T PCR i, 182K HEFZUE
IR, ARG TE UK Pl R P IR PR B A FF A RBP4 . HREZ DNA
AR AR AR EE, & BRI SR & B4 € R TP ER LR
I REER) DNA 2 TR HEA LE L TER, MBS FRERGH
B, XEEAFER B DGGE A& . — N3 |1YARH FHN 30-50 MEA GC F
FIM GC kAR, LMER 7 BRI TR o BE A0 B PR BRI H Ok

Fl DGGE #ATHAEWAESHRAR, A THEENFFIEBE2ME, £ PCRYHE
F R B, REREIIWH SHANBA—BRES GC BENFF], HRZH“GC X, H
LAY B PSR EETT . GC K REMR—1EH GC BENFH, BTFHEM GC
S8, BB SR -SRI E SN, E—RERTHUERTF. % GC k&
REHERT DNA XU F—3h, #181% DNA Btsf LUsE &80 B4% DNA, ZEH
PCR-DGGE » B MAEMEHUH AT, Z£IERSIWH 5% GC R EE&WE, MER
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BiFF31E4 DNA Hii 80 TR VIR SR

¥ 18K PCR FEITE 575 3P i FL K A b 3 LA 58 2 MR B I AR 5 8 20 ek, ATTOEE1R
X £ PCR *#)7E DGGE F BB e &0 B . MK R4 11 PCR =Y S H R
R K ISR RE UL b Se SRR BE RN B 4 5%, T %% DNA 7F DGGE kAT A
BT DNA 4 FHIK/N, 5 DNA FIBEIUT X, BrA7ERH KEHEF L2 PCR
Y4 DGGE FsRKEMANHE DNA, ENEFHLMBKTA, il
DGGE F B LN T HXRELEMBERBLHEERH GC RFKKA 30bp BLEHE
T4 KL% DNA K B DGGE 41, Frllkit—AME& THERNZERESA DNA F
B, BHRHEBRKBMEN GC REFBRAAEE (FHIESF, 2003).
4.4 15 AR RS FR VK AR

1B EERRBE R Bk (Thermal gradient gel electrophoresis, TGGE) R 3 538 4 5
Bk (DGGE) 2L, BT RIS FHIAK/PNRG AT Hr £ oS, ERAT
BMO TR THS. RENHZOEEMGELNFAER, FZHEEE. &E T
W pH EEFEEEW, MRFEEEA S BHE—RE AT B SR maEE s,
X FENA TR, B A HEY, TGGE REFAAFRMEN SRR
AAMEHEE (Tm) RFTHEN. EEFEHLT, £E PCR #J 168 tDNA 4F
EXVEEHPIRA; YEEA D, 16S IDNA XUHEHFHMBEF, HuEBRIEE
B4 X R, DNA S SMIT, ZHNEE DNA, XHATH
SRS TS FEBKNEBITA, Bl (DNA XEMITHAEESBIBET
B, X EIER LA B RK, WA FRRKEERE: TH2BER
HEERE, WKEHEENLER. FIRIX—4F 5, TGGE vl ATER A% Btk #3215
SUTRE R RRAEREE . LT DGGE HARTERBRMEYHRMEMNE, TGGE
BARBEIMNHEEE NS, BERSICHEAITGNA TGGE #ITHAN FFAS
EHR. BFFE (2003) A TGGE X AEMEKAEE RS EMS A EFH K&
TMBREERITTHR, &£ 8 MNERNHPR—BIFEHEFEEY 16S tDNA
V3-PCR TGGE 4B EAR—5, HBH T B a fAEUE R .
4.5 BEMBREZAESNIEAR

K% £ A (single strand conformation polymorphism, SSCP) 43HrHi AR &2 1984
& Noumi % (1984) BEIKEILI) DNA Sk, 4, ZIMEARCHA—FFRE,
B, MECHMREMA, HARMRE,, HZNATEEERI. BTERER:
£ PCR VMM EMABRETHARBEFARE TEmELEEZ BEIFHRBN

14



WRAR N K200 18 3

DNA #gE, REE—ERENIFRERREBIGER T Bk, ERTEREFMPEE
PR RE B Bk BT, DNA BEEREBRRLE DNA BMKES X, FXEME
BRT DNA BEFEHIHER. TEFEHLHT, DNA RETASHBRRER —
ELBAEKINE, EMHERE DNA REMERE, RREkESTHRBIRFRAE
HAER (EEAER) RER. HAKEK DNA BERIFARR, 2B EERR,
MK ZEAR, BIKEBRBLAR, PCR FYRHE, HE~YE bR AR
RRERe Ak, % DNA SR ARG B, A RBEEARRAR, FHEBEE2R
e Bk AL, MTAKAR DNA 5IE® DNA K4FF. HHREKERHE DNA
HEFAFEENMREER, FTEBRNAZRAARR, HAERRTKEEER—,
M BRHH R ER, AR,

4.6 LR ER PCR A

BRI SERT %% 6 E B PCR (real time fluorescence quantitive, PCR) Zt &2 # it % PCR
T8 AP B —AMIE R PR S AE 5 6 S R A T S TR R SR AR i B K e 4
Wro KN IOLER PCR REF, SINT —MENWEYR, FE PCR KMNHIBHT,
PCR RN™YIAN Rit, RMESBRERFLHIM. BT —MER, KRE K
HEENE S, KRR LB TOLRE R = & MRk, NBRl—&%kt
PR £, B A AR A DU AR A AT E H v B 2 0 S A v o 2 %o R AR AR
FEHATE B HTHI T (Schmittgen, 2001).

Feris 5% (2003) ZEMIA E SR 1T R0 SR EX MY BER, FIF%tE& PCR
KAREA 16S IRNA ZF# A a- , B-» - Proteobacteria cyanobacteria I/ & 4t i
WRE, RAVRETESEEFHESEBI EAX, SEBIAMEL, SRBIR
IVEAR A, AT A T AT 0 2 4 BV e K BN AR 1 T 3 — P A At Skovhu
(200432 FIZT R (B A IR 6 /R O S 1 51 40, (ROBEAS M Y I AR 7 DNA MR 72 &5 DNA
R PRIt B], BETHEE N AR A EEARE AR HFE . Okano % (2004) BiLHE
BB N (amoA) HE 1T 8 B R K A € L B FUL A (AOB) B K/, FINSHFSY
THRTRENEENAEREOLH. RAMEEESTIRENMN, SEAEEED
EAFREEK, MAELSEEE—EEHE.

5. AHFFEE KRN
HEERWENREG, SNARPHAEYF=EARRENEE. SYESEHR
PAAY, HATH. A, AUERERR, TIEFRIXEELE S TR MKF ERiebriie

15



Bipt3H4EY) DNA 6 F1 TR AE YRR S ALK

BRI YR ELTER, SFLEYFERMERNERE, SESHEEHA
RUETHHBLENARLE, BRTESERLNANESRR, FESERETAN
2 RGBSR EAKCE R4 RS FRF R (ABES, 2004), RAXKASGRY)
BRDAUENEYE, BIAHAL ARG, AR EEMFERN, ZEEY RN TH
HAEFA BB REEN LN EEERERR T AV RESAERTHRMAEE
H, XEERTTREESF. BREMKEL, EEMEFEIRE, £2, EHZK,
W RX A Y RN T ERSHRE, BE BT YR AL BT Rk S R
ok, HmEREHFRAPBPER. HREYREEYIFEWRNEER TR FRE
EYBNIER, MAESHEFAMARERIIMAFEEEX (IR, 2000).

H KB AMFHE RMT5 FOREMFHE PN R B iR SR AR R Z — B
FHE R —FEIR TN POPs LB ISR, BFFUIHMAERRGE R AR K IR
HE. R, MEFIEENMERE, RITRNESEETR, BEES FESEEN
RIEEREHRN AT E KR AR T E T MAMEAR. & 2A% .DGGE
SFIREIEAR, N3FKF LRGN LEHAED . EMN T FREERR, Y
SIS F AT ERBRGRESTSRE, MFTRRAMEIE RN EERER WK
AEVRE. B LANEDREMIRAERRFTERERN.

16



RN KA 12418 3

FLE BAMEZRXMABETSN AR

BRIRZLRRE MR, ERF=ZMIA: OREHEED (2n=12), MR
K, EFUES: QEKERR, HARRN AR MR EE B 41 F{20hk
A i HLAHR S B TR AL Tt 5 28 FUBUR 1) 33: (3) Sk R E A, T 5 B M (Reed, 1959).
BELHPRESEEBTR-AER, BEHREEEKTGRUE—EZE L RRF
HRBEX T RENDBIEDRTG (FARE, 1983). BIVRMEZLR T ER
B 6 AR AR S8 Ty Bl R R B L A T R A AR A A K BB TR, AR
HEROA A ISR T — R R IF IR R Z (e, 2004). 2 TARRA MY
BEREARER S YR b ERREE h YRR TERZHNE B
%, 2001). FEHAT ARKERFNBEIRRA MG L4565 REARER,
LR, USSR AR T %o 0 2 i o R 280
1. MRS58
11 By

RBEERE (Vicia faba) , WHAITTE K2 A drfl 222 5 18 4 5 SO0 2 073 H R A9
MERRBUE R BT AR TS 4 RSN 4 CUKBE R R &
1.2 SR E B AR

Wt 4iFE 98 % #£[H Dr. Ehrenstorfer 23 7

P e FERAARFRBERAN
Tk L% vAIE R A F
HhiR vl ARG T HI)
KZB AT R HHL THRAF
Bt b AL srrat R KRR
(CERIZI 8] Grir et RET i TH R A A

FEHR: HPG-280B B HEFA (M/RIRABBTFHAFRAMRAHE), YS100
HERHE (AERR), IX71 ZLEE RHE (HARKESD, BAERKSBHR b
28 SERIE2VEZNI DB
1.3 A H

(1) FERH: BKIEE3 BMKZE 1 BEk. BEERIRebE .

(208 KK (Schiffy A7 # 0.5g B M AL N7 18K 100mL B = 52 & B Smin,

17



Hirtt 4 DNA 5368 H 3R EVRTE LR H R

HARWBEHAEZ R, W3] SSCHILIE TR ARARS, R E 25°CR BN
A 10mL 1mol/L HC1 1 1g RET MMM A G F AW, EERD, HEKEL,
ETHAZED 24h, BERGHRUERECEHAEH, HEERE 4CHRETATR
76 NRALEA, WHIRITIERAGERFH

(3) SOp PEi: TR 10% IR E WA MY SmL, HI Imol/L HCI 5 mL, Fh0

ZiBK 100mL ALrk. BABLAD.
14 AR H .
1.4.1 BEBMEF:

BAER E—ERREE R M FREEERANRGRBKRREH T, B 25CH
BAENRIM 24~36h. FRHTRKE, ASmRnaBERNES, RIFEE, £25C
HIBAE 4 2 12h~24h. FFPFHIERBES 2~3mm B, EBKFREFOAF, BAH
HHEGBAERNMAEER, HET 25CHBMAPLALMET, RIFEE. B2 36~48h,
MFRBSOVARKE 1.5~2cm, MERERE, XNRAERLEZH.

1.4.2 ZiFIAL B AR AR

G EEI 6~8 RARAEKRE . RKE—ZHH T, BABEAFKHF
M, ik IR EAERRE T RRB A TR =R EL, A ABIKE S HIEH 0.1,
1.0 71 10.0 mg/L, RN EER (FED A, B 25CHBMANETE, 20 TATLE
18] 12h, 24h. 36h. 48h BINHE .

1.4.3 HRR40 s T 37

K HERT, FZRRKEYE 3K, SeriE %7 B BN 3768 1 O e R AR B
BN, BRI SR SRR RS T 22~24h, JRATTESESRIL A RKRAERRE
5w,

1.4.4 1B & R4 40

BBEEFRERHMHT, MBRTUGETIT lom KBARBASZEERRT, MFHEK
e, BE5E 24~48h. [EEFRSHR WARRE R, RN T0%K 28, B4CH
KA RTEEE R
1.4.5 FRIRYEE

B e T4, AFBERPAEMKRYE 2 K. RiEEEK, FMA 5mol/L HCI
WA, MM 28°CRBIHRFKBEYR 25min X4, WAHRKALMEETEY

18



WARRN KFE W 147 i L

BB 1E], AR ALBI AT . FIZRIEZKIRVEANIR 2 K. 7ERE = BB M 444 T g %
R, A EUEESREE 2mm AT . TEEREM T LA 4~6h. B 38, F SO,
VEBRBRVEIR 2 Ko
1.4.6 il f7:

WHRURER B A £, ARSEET 1mm MR, B L DVRIZEEK, R
BRRIGH. mEBH, FERERSNA.
1.4.7 BR

N BHENEERER, FHRRAAF, RPHAROHZEE T B, KPH
R HIROEERES . BRI BEEKDN 13 UT, FFEEIEKA
B PEEASIRALEMER: MESTHREE. HEE. FAUBSE, WELEE
HERRYFER.: JOAKNT. B, ROAR, LEKFS. §LBSH
4 MBR, BAMRRGT 1000 M40
148 4R EHE
B BIRH:
F LRI M= T 2 B A0 By B 40 < %

Rt PR B AR WA 2R R
Bt 400 20 R = e 6 (BB 28 40 P B0/ 20 2R 4 P < %6

WRBER BT A% (MN%) BN
v _ SURBER B SIHMN S
WIS LA EI O A B

2. R 550

21 BANBERRARFTLIBNEW

WII xR ERRMME L REOEWNR 1, R0 E K/ NRERT TR B e 25 0t
BIAFTR. BEERIHRENY K, BTRRIVAREL, FLIBEETR, &0
H B B B AR RONE o T R A FR E R B F A P A0 S 2 1 () By 0 I T 38 0, 7E R AR b R A
A 10mg/L 35 48h 41 IRH 2 4 RISECARAR, B AN A5 RAEBRAMWE
YARIERI 4% KT .

x1000%
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BirFx 44 DNA S0 H 3R E M RE SR g m

F 1 BrxT & SRRAM AL RER (%) BIRH

Table.1 Effects of endusulfan on mitotic index (%) of root tip cells of Vicia faba

WRFHRE THRRMMT LN RIEE (%)
Concentration AbFEATIE] Treatment time
(mg/L) 12h 24h 36h 48h
CK 8.25+0.48 7.50+0.87 7.25+0.75 6.75+0.85
0.1 6.75+0.63 6.75+0.85 5.50+0.65 4.75+0.63*
1.0 6.25+0.62* 5.254+0.63* 4.75+0.48* 3.50+0.29*
10.0 5.50+0.50* 4.75+0.47* 3.75+0.47* 3.00£0.41*

i FHSBALE, * K p0.05
2.2 B FF0 B AR AR A0 B G £ o AR ) 5
Biftxt & GARRA MG A ARRIERLE 2, AR 2TARTIERENAELAEZE
WRMBAEARRIER, BRENRRSHANRENRZTNRAER, 3 MEH
R AR RN BT XA (p<0.05), HBEE G 73R 2 A PRI 1
.
%2 BT RERRMBERRER (%) MM

Table.2 Effects of endosulfan on frequency of chromosomal aberrations (%) of root tip cells of Vicia faba

IR IR YRR (%)
Concentration 43Rt Treatment time
(mg/L) 12h 24h 36h 48h
CK 0.90+0.07 1.00+0.05 0.97+£0.08 1.20£0.07
0.1 1.25+£0.64* 1.52+0.10* 1.90+0.12* 2.15+0.09*
1.0 1.50+0.07* 1.82+0.13* 2.10+0.10* 2.32+0.14*
10.0 2.10+0.14* 2.40+0.12* 2.7040.14* 2.82+0.13*

i RAGMBALE, * & p<0.05
SHFIRFLENBIRRARAFEE LS HRORHEREY, mREAEKLF. &

Rk, ROAN. ROGHEMZHRIRE. FENARD (X WE D Fs.
Otk 35— MRk RE— R L L WR T A E# Bz ) JT B e —4
HEANEELR TR XR-MHATENSBARBANEE. (X HE 2
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WIRRAL A 224 1 3

QEEROBARNEREEARAER: —MRERAECHRNE LYY, LREkd
A ARHEF 2 A 8 5+ HEF T REAR _ERE, AN G o AR BR G 6 1 T ok R it Bk kil
WEOAE, TEEAERNLE; H—HUREEARELSREN, EEARMGYE
EREB B, AR REARGA KRR TRRZE, SREKNEFEB
i AR R RERB AR (% M 3D
OR AT RE AR A E R OB RN EEREL —. FRETFREENR
BHRAERN, SR ROAKNELNCE5 5B R MERE, —&08IhE
&, FREHT. BIHE T KETRRA N R AR RN SFSRE,
RE-FFBOLHEEEE. (X WE D
@FAARF RN T ROAM B EFERN, 25985 R G HE R kR
HEL. (MX A S
2.3 It x T EAR R A A R W

R AR E IO BRI RRARAEEZMORRLER IR 3, BEK3
A, BSHREEAKBEARNEAL, 3 AN RRERETHTE R MR R 0 B 5 T
A (p<0.05). TEMRRM BB R EECERFHITIKEX BTN, BHFAR
HIFIE- BN KR

%3 WX S TRAGMMEE (%) B

Table.3 Effects of endosulfan on frequency of micronucleus (%o) of root-tip cells of Vicia faba

BRI BIWMRARBIZE (%)
Concentration 4bEEEHE] Treatment time
(mg/L) 12h 24h 36h 48h
CK 4.25+0.629 4.50+0.29 4.000.41 4.25+0.48
0.1 8.25£1.25* 9.25+0.75* 11.75+0.75* 12.75+0.63*
1.0 9.50+0.65* 1.75+0.85* 13.00+0.71* 14.00£0.41*
10.0 14.00+1.22* 15.50+0.65* 18.25+0.75* 19.25+0.48*

E: BAIGXRALE, * A& p<0.05

3. it
RAMBIWRAME BTN, TEREAEERANFTEERET THEY
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WiFxd £ DNA 810 F TR MEMRE PR

SRR ER, AL MK T BKMEEENE, £ DNA SREERE, EKT
S3E); 55 DNA 44, ¥R DNA FIZCEL, PHAS T DNA SHIKMHET. T8
AN S WEELBWMEERL, HFEYLEMTREEN T 41 AER K&K
(Shahin, 1991). AR KM, LKFSHEEE, BIRRMMA 253 REEHN AL,
BERAEK PO 722 2 B 00 AR 5 00 3 2 o (i) A 488 I T 389 70

Pt AR AR R T Y AR B e o B A T B0 B R B AR B B A B R, BRI
EMEH, AL AEHRERIS. ARSWENYERS B REER
HP AR R TR Bk, RagF. RESKH. REFFFLROERE, XL058
BY 7E 40 T P B e (0 B AR B A AR B 3B R B, EARILLS, SR 1 ANER
JUAS IR R, A5 7 7 400 T 1) RS P9 O P A A% T 5 ¥ (2000) B 52 2% B B 2 %
B EIR I 0.65%~0.75% F 1 H, FFMBEEN 6.50%~9.66%, HEATITH. L
SRR B IA B 1.13%~2.45% 2 [T, 3 SMIZER 15.50%~21.25%, HEBXTHERIH
BEVS S, MRENTRBIKEIXT 3.77% A LB, BSMZRE 31.30% L, EENF
BWEEG L. XS (20060 HIRT B0, SR, FUREER=FRAXNEEM
RAMAE RN, SERRVEREKRETCEA, BEKERHR, HxEHEe
Ft & YRS EIEE] 10.100pg/mL B, % R 53 AL A R B EER(p <0.01),
RPFEIRR &M FXEFRGET —ERNEKE LN BIMNRA ERBED G bT
% (2008) BAA T ARKERAGEE. SRFEXNRERRARMBEDG. SRR
B, BEE. SEERYRBRBREBNMZE. RRKEREEBENAREIER A TE
BIMRARE LHRIEEHEKR, FHEEESE IR M= LR R N RO AmRAE,
HAZRER PR AARE. BAERS (2008) AHR. ZERXWHE, LERIHEA
REALFFREREBREERTRER, GRRYE, SAERAFIHRRAREEER A
SRAMEBEREEER, HALBARRIH P, B, KRYHASFHEAEE
WA KR (Y th s R b, QR ES).

FRABRHARNE, BASKELBAYRBRBEENMZE, HEEATKER
Ft = Bt B SRR AR RGN, FERE T T o AR I AN M 7= A v A ) e B
25, BAZMHEBMBAARE, EXRRBEMTHT 0.1, 1.00 10.0mgL =MZHIK
FEEIX B G AR U i DNA $ith, EHHBMEEFE. RRA5]EHBE MY,
KIBAIRRFN AT I RS T BE YL E YR 4 7 R R T ST A
SEAERF, BRERRALHTG DA RFEDF SRR KER, EI8AH
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WIRAE K200

MR ESE LSRG, MMM LEA DNA ERHl, SELBPREEHNRE,
BREFRBEEH .

HUNRIEY. REOBHERANUREREANARE LA R EEETH=HEE
fEtr. AAIEH, ENZEA—EMXR (BREBE, 1995, EHAANY, RO4H
B LR AL B HEE LI AR (Evans, 1988). ALHERKRY, 4/
FHROR B RGBT [ — B VA E R, FLARIBEE RO ERRNMZRE 2 A
XK, REOFBHEREUGRLEMR. ARRELHEER, TEFRER —ELEAK/N
FERATRESREBTER, TEUBKINTARE, Bit, LT 0RPMRmEE
F R RAYIX BRI BTEE .

23



HirE3EY) DNA 516 8 TR EDIRE LA

=T FAMNEBIA=HEMNERSY

B4 PRI LK (Single Cell Gel Electrophoresis, fFRSCGEMEAR, X#AEHERAR
(comet assay), A LAEEKNEZA RS ZFHDNARHIMG, WPFERTR. KR, 7
HARTREM A PESYIRBEEA AMDNAK B (Fortini et al., 1996; Tsuda and
Kosaka, 1998; Gichner et al., 1998; Ning et al., 2002, £ 2 iR % f¢ U=k th 48 1 52 41 ffa /K S
HIDNA##7%4(0.1 DNA break/109 Da), EEHFHEAMED . REAMEFMA, HAR
FiEEEREE (HRBE, 1998; WEESE, 2006; Alietal,2008).

I R ABREFH—ANEBEART S, BAEEAEYS LRASHIRRE BRI
2, RRALZRET LEYFRAEY MER PR EE - CRUKRE, 2003; AHXEE,
2005) . SEEIEHEPEIDRAOMEE L L EFEEEM, R HES T SE 5%
RIgEHy, B3R IBAE S AHOKRKhEE . BRITE 38 o R 5 4 R i ) A A BE X T
TEABEREPEAEEME. MAEEE LRE, ELAT A SRYEKER,
SRS FRBFIANESRBELE BRI X B B RN 7T B8 H AN 5] 1 %
TENGE, ENTREENEYETERYNED GREF, 1986). FIAMHIEL T
EMIAEHIEREY, TUREBE—MRPEAN LEIYX R Z2EE (Puurtinen et al. ,
1997; Michael etal., 2001) . HFARHMIEH M ESFERIINMRGZLEN—INEER
fehs (GR4AK%, 2003; KEI5Z, 2002; Thompsonetal., 1970) , Hr5I{E R TEH
BYRHERAEY BRI T Z M A.

EI =M (Trifolium repens Linn) ~ (white clover) R ERI=HE&, P FELH
B, K 30~60cm, FARHE, WMRERE, AREEN, TAREEESSFHNE, A=n
BRZR—FE, BERERSE, BEHME, EKEERE 19~24C; X LRERA
7, 7F pH4.5-8.5 T EWWAK. A=HERMAGHAMENEZRRAE, #
AfEfafr; BT, B, ERSUEYKLRFEN (BR. FXAHHE , Bk
RN ERF A A E A R A R SR EEEN, REHH ERX IR A EEE
Y, ERETEEERFBITEENA, M+o0T 2. A= XSRS Ry EE R
B, R—FIRE Y B (Sandra Citterio, 2002; Aina,  2006).

A2 R FH 40 M A PP R DA 51 4 s 40 ML 1 = B o 0 A S B b R,
VB HRETHRIIXTE DNA B8 808, CAARR)T M EREH AR — 2 KRR
.
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WRRNF 0w

F—1 FAEE A ERFEIE

1. RS

1.1 2558
Wt 4hiRE 98 % £ [H Dr. Ehrenstorfer 2 7]
L] G et R KR RFIT K F o0
FKLEE vl KRBT AL RA
B AR A Sigma 7\ 7]
gl N AR 25 B R FH PR A F
FALH viIEa! KR KA RFITT R ol
HENH vALE LA RAF
B 4 ALl R R RAF
PR srira AT KRR
EHE R erE AR Sigma 2 ]
X R AR P A AR Sigma A &
R A T H v AR Sigma A 7]
L 2.5 AR RiEMEHRUTHERAH
ZHETH et HZyE R RFIFRA A
HEDAG] A AL R R TR BR A AT IT K 0
W R G APl Sigma 24 7]
B A sriat AT KRR A

1.2 ftiAzh 4

I~ T B MW (Eisenia Foetida), W) RET BB FREERAT, AEL 300~
600mg, 72 M PR L# A T S R0 &M, W5 AF P ENERE. RRH7E
TP TR — B JS, LW AR B B H KN — B RS
1.3 LR
1.3.1 ik 115

AL 3% 8 OECD(1984) i Hl, AT 10%HEHRRKA L, 20%H 5
WG 1 (e KT 50%), 69% 1 VLA HRM(E 50% L4 L 0.05-0.2mm B340 /NETR)F 1%
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Biftxd 4 DNA B4R HIRMAEYRE LR H W

) CaCO; A/, BNALHE S E 5008,
1.3.2 & F1E

FREX 500g A THEF—1e#cd, HARSHKERMRIIER, MKERESE,
KAMANT L 35%, RSEBON 10 KU, FERERERELILH O, B 20£0.57C
BEMAT. THRAEREE 7. 14, 21, 28 d BUBESE], HTRK. AFLGEKRERE
HEFIFHBAFER), 0.1, 1.0, 10.0mgkg MUANEE. BTN E: BER)JTU—E
HEETHERNANAEER) T, K55 10g A\TEERMRS, REMASERRE,
B5 490g A\THERSES, FMKERESE.

1.3.3 S 5] A fs 40 a2 X

(DB AN B KB SR IR, FAE S EhKIEHE . B SRS, FAAE 20 3h K UL it sl
BARENREL, BAEFLAER, HEk.

Q)W HL ImL B4 E K F) 1.5mL 8508, KE G R sl B H G, 2-3min J5,
.

G)RE ImL A R IRB @ C)Z B LE P, I BIBN S, Ml =2 2R 8
G, SRk RAEH IR, 2-3min 5, HHEEEIHH .

(4 3EH B RS A L eppdorf & 4C T B Lo

GYELJE, BELER, W 1mL PBS K (4°C)E eppdorf B, Kk 4 M7
PBS RS, BIRE L.

(6)BEELEH PBS EFER, I 100uL £ PBSEC)EB.OE T, Rk fis 4 e
PBS BB HIRA), H&RARSTER, FFH.

1.3.4 FELIK AR B I 1E

AR KA HBE AR =BG, F—BEAEEE AN, B
TR AR ARGRIFBIRESE, BEERKE AR,

FHIES | EEREEY BB R, ABBERE 130~150pL 0.65% IE# 1 A
BRERE, W bBERRED A, BKSAH, ZERFHELEEEZERF. TR 10uL
AMBIFRS TSuL RB AR, REFARBEESBHIE—ER L, mEHKH
UHHSEIT, B 4C 15min, FIEAEEL. 552 BEEFREERENTHER,
BRI SOpL 0.5 % M B fEE, HRESE L THMNERK BRER 4CT, FHEE
JE T H=BEH
1.3.5 41 U 5
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BIFEER, BEBERBAFEHN 4CHEB T, £ 4CKABTHEZED 1h, A
B AREIE K, T A R T A8 9 BURMBITIE .«

1.3.6 DNA fi# i

BEBE SR EREBR KT HSE T ik e, ki s Hri st
LYK 22 M (300mmol/LNaOH, 1.0mmol/L Na,EDTA)YAE i #H HH 2.5mm, (i, 4
400mL)/8 & 30min.

1.3.7 ¥k

TR P R SR R, SRR T 25V (R L), HLUE R 300mA, ik
15min.

1.3.8 1A, 2

FRLVK 45 3R JE B B P R ZRMBK G 3 IR, FERIERIR 2 2 RIIK S, BUNESR, ¥
FREEMA 0.4mol/L Tris-HCI (pH=7.5)Z M, K& BY F# & 15min, FH# Tris-HCl 3=,
RS NBAR T, BREMATKZE, BEEHFRIE 1 h, BRNZE, BTRE
BT
1.3.9 MEFI 4 #7

BHBIF A MA EB R AFGE 20min f5, ARABHENSE, SOBFTHIKE
Ry, BRPAWE S0 NG, FBEHUKAE BB AL S THERNEEREG)S,
F CASP B4 Hiill = DNA EH M & MBS 5,

2. R4
2.1 B o i ] 4 e 40 s DNA REGEE (R KW
H CASP % T RRENLENER, RNELRG MR HE 7. B 8, FB6x
HEHE AR DNA EBMEKMEHINE 4 1 1 fiR. ’

B4 ME 1 TLEH, 0.1, 1.0, 10.0mgkg =N G )T X 8] 451 40 fil DNA
BERGER, TEMERENY M, SEERKEMEZ M, X DNA iR
BERRFHEO R BN K. MFEKEAET, BEEMAMEK, ZHAMK DNA 2
KEMBEER K, X8 DNA 54572 B BEGRHE R i R K. &EeBaMtL,
TR LK) DNA B8 2R K& HILE #E ¢ 2 J(p<0.05~p<0.01).
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Biftxt£4) DNA B0 F H3E A EMRTR AN W

F 4 BAHAIAI IR AEAL TAR 451 (AP 40 M DNA $4( R K )24
Tab 4 Changes of comet tail length in earthworm coelomocytes under

different expose dose of endosulfan

PR S 551 42 fs 4 P B R R K R Ak (um) (& £SD)
Concentration 4bPEFt[E) Treatment time
(mg/kg) 7d 14d 21d 28d
CK 6.22+2.58 6.50+2.88 6.83+2.63 7.10£2.54
0.1 26.75+£7.25 40.57£12.26 45.27£9.59 56.40+11.38
1.0 51.42+10.43 62.77+8.67 65.13+5.74 75.42+8.01
10.0 62.14+6.69 66.30+11.83 71.40+10.89 90.29+12.52
120
O control 0.1mg/kg d

100 + B 1.0mgkg M 10.0mg/kg

B (um)

28d

B8 (times)
B 1 GRAT A A S DNA SRR (R ) KW
(**: SXTRALEE, p<0.01; ab/cid: HAMBETLLE, p<0.05)
Fig. 1 Effect of endosuifan on earthworm coelomocytes comet tails length

(**: compared with the control group, p<0.01; Different letters in columns are
significantly different at p<0.05 level between treatments)

2.2 BiFHXUEE 4 DNA $i45 72 B (Olive RRER) M
Fi CASP 843 W TR RENL I B, B 368 xt sl o4 R 40 e DNA XEREH Olive B
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WIRARE R4 X

HHIEwRmE S E 2 Fir.
£ 5 BRI A B AR 41 B DNA R 45(Olive BE)Z 4L

Tab 5 Changes of comet OTM in earthworm coelomocytes under different expose dose of endosulfan

WFTRIE o 951 1 40 PR R ARG Olive BEFE B 4K( = £SD)
Concentration 4b3RETE) Treatment time
(mg/kg) 7d 14d 21d 28d
CK 0.43+0.33 0.55+0.44 0.58+0.38 0.62+0.45
0.1 5.27£2.37 11.38+5.85 11.67+5.18 16.67+4.18
1.0 15.66+8.62 21.97+6.86 22.67+4.39 28.7149.03
10.0 20.59+3.59 23.97+6.06 24.62+7.45 38.63+8.06
50 d

45 t+ DOcontrol N 0.1mg/kg
E31.0mg/kg [ 10.0mg/kg

Olive B (OTM)
N
[

7d 14 d

d 21
A fa)(times)

2 PR EIR RS DNA 145721 (Olive BAR) MM
(**: SXRALE, p<0.01; ablc/d: HMEUATELEE, p<0.05)
Fig. 2 Effect of endosulfan on earthworm coelomocytes comet OTM
(**: compared with the control group, p<0.01; Different letters in columns are
significantly different at p<0.05 level between treatments)

BH3% 5 FE 2 ATLAE H, 0.1, 1.0, 10.0mg/kg =N E AR ST X 48145 40 s DNA
BN, T EEEKREREMN, 22 Olive BAEMMEZ M, X% DNA #
irEBERETR SR B i K. MR R R, BEE AT R A, Z4R40 A DNA
B WBEHEIE K, XUl DNA B2 REGEJHAEF B IRl K T k. R-abma
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GFirtx Y DNA Si0i R0 TR EDIRER S A0 W

AL, 2340 DNA [ Olive BE 3L 8 &M £ 7 (p<0.05~p<0.01).

EF-H mAMASHENERSHXR

1. RSk

1.1 255 E A
Tt #hiE 98 % #% [ Dr. Ehrenstorfer 2 7]
W e R T K KA ZE R TF R H L
Tk 2.8 SHTat REETH T B E R
R4 AALIAF Sigma 2 7]
A P FAT A KAZERFIT 5O
SELH SIH 4l LR
BERR — &N PagiiEa! KA KR
BRE TR R KFFRF
IEH 1 AR AR A Sigma 2 7]
A% R B B AR Sigma 2 7]
AR PAIE: KRBT AR ERA
MRS STt REET R FERR
MR PAIEL R T K KA SR TR AL
R 2. et KT EH KA THR A
WM _aW e REm KR ERF
iy rHrat R K KA R TF R 0
HRR Gt R KA
s et KB KRR IR O
BB PaiE R K K E R TR L
MM v KRBT REFEER
B SHial KRB RKRUZERRR

1.2 ftifHEY

H=MEMTFh LR R KFEN R ZR .
1.3 LR ik
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WIERRAY N 224718

131 YR FREFRE S

PER D, MFLROEDHF, REHEEHBRKPETEHFURHEAT
SHFYE, RET 20°C LAZEIEKIZI 24h, HAlR)HK 2~3 IR, HHAESWRFKEEE, HE
R A OEET 20CIEREFA TR, HRRFEHE, FHTHES BREE
F (HEL BRAKRZEBAKIESEL) B, A Hoagland EFHFWH B & H.
132 eJHHE

BRFEHMTESR 4 BE, BN, KB BN EHEBZE 500mL Hoagland
BIRBR, FEMARTHBRE AWK DA% S) 0.1, 1.0, 10.0mg/L, FHREFE
HAEHGE. THFILGEESE 7. 14, 21, 28 d REA=HEHF, #TRAK. 48
SRR B — IRE TR, LAGRAEE 37 W9 RGN P 25 W00 B 4 R A B K F
1.3.3 B=RHELM AL R AN 40 42 4 B

RELCHFHH A, BT EEK EFARMBEERN 3T FA %, 10 min 5§
KAV B R A A A%, MR —E AR MBI AR rhi (PBS), AT
ageats iR k= kin eyl b wt wt s Falbas 3y iUkl b 3w N i
IR 40 A B R VR
1.3.4 AIK AR 9 A

IR 130~150uL 0.65% IEH4& FZRIeRE, hn LS dm sk, BkEn 4,
2ZJG, AFEHEBE BN A . W SouL 4 MRAM, Bk, 7EMRIN SOuL KK
RERRERE, MK RERB S, REBRBKITRA MM, RESs T3NS,
HRES 4CTEHER 10min. 7552 EHEHEEGERBTEIA, BHRM souL
0.5% {548 A BAEHE, JERME FF R AR BNES 4CF, SELERER T EHN.
1.3.5 DNA fi# g

BEBEHRA EHREA KT I E T Ik RS, ik BH Fii s
FLIK 2% R (300mmol/L NaOH, 1.0mmol/L Na,EDTA)AZE &I A 2.5mm, (A, 4
400mL)/# & 30min.
1.3.6 Hi¥k

TR R T R, KA B R 25V(IEIE), HUEA 300mA, ik
15min.
1.3.7 81, $f8

P VK 25 R G R HH B PR AR TBK PRk 3 IR, SEFIBERIR R 2 RIK S, HU/NER, ¥
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Birhxt 44 DNA $5 65 H1H 3R 0 E YRR SRR W

SREEA 0.4mol/L Tris-HCI(pH=7.5) &M, HH 1B 15min, FRF Tris-HCl R %,
s R AR T, BEEMATKZE, $RFEHEE L, BRNZE, FTRE
BTHE®.
1.3.8 MEEF1 5347

BHEE A MALREFIGE 20min &, ARLEEHENE, SLHEFATHEK=HRK
Ko SHRIARIE S0 NEK, AMIKEEBFBEAL G TRERNEEEBE, A
CASP #44#fll 2 DNA EB W &M S5 .

2. &R 54
2.1 i3 B =HEH 418 DNA Bt RERK)KEm

Fi CASP S4BT B pE LR, RECEERIG LI ME 9. & 10 i, Bl
W5t A =M Er A 41 DNA B BKKEWINER 2 B 3 B,

HFE6FE 3T LAEH,0.1, 1.0, 10.0mg/kg =AM FIRA GR35 =r-FH Fr 41 ffl DNA
BERGER, SLBEAML, SRAMWE DNA WEERERKEHAEERER
(p<0.05~p<0.01), T HBEEWER RN, BEEHBRKERE M, X DNA #ithiE
JE BB O B 38 T3 K

£ 6 HARFKRELEA=HEH )4 DNA Siti(BK)yEW

Tab 6 Changes of comet tail length in white clover leaves under different expose dose of endosulfan

IR B =R B 40 R R R KR (um) (7 £SD)
Concentration AbPEFT (] Treatment time
(mg/kg) 7d 14d 21d 28d
CK 9.00+1.14 11.00+0.22 9.20+1.30 10.40+1.95
0.1 16.20+1.16 24.80+4.38 33.57£5.71 44.86+7.10
1.0 21.33+1.15 37.34+4.92 51.60+6.06 57.83+8.70

10.0 35.00+3.65 50.114£5.97 59.36+10.32 64.17+£5.98
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URRN KEF W LR

80 r
O control 0.1 mg/l c c
L * % c * %k
70 B1.0mg/!1 M10.0 mg/l T i
d c il

60 ‘:: **F,

c["
* %l

IIII|III'III'II

T
Yty
bt
il

OO0

I Tl Tl el Sl Il el 0l 0 ) L
daledidei ity
NN
IIIIIIIIIl

MO0
(AN NN NN

14 d 28d

¢ h"i'ﬁ?J(times)21
B 3 Bt =B 418 DNA S R2 (R K) R m
(*: SxRALLE, p<0.01; ab/e/d: AlAMETLLE, p<0.05)
Fig. 3 Effect of endosulfan in white clover leaves comet tails length
(**: compared with the control group, p<0.01; Different letters in columns are
significantly different at p<0.05 level between treatments)

2.2 SR B =H-EH R 41 DNA #4572 (Olive B5E)H 2w
Fi CASP 15 HT 3 BENLIE (5, SRIBHRJT 3 B =M B 4 40l DNA 18 # Olive

RAERIZmInE 7 fE 4 Fiow,
R 7 BFIAREREE AT A =B A 4 DNA $#145(Olive BE)& 1L

Tab 7 Changes of comet OTM in white clover leaves under different expose dose of endosulfan

BRI AZ=MEN A4S R IRE Olive BHEA L (um) (7 £SD)
Concentration AbFE B} E] Treatment time
(mg/kg) 7d 14d 21d 28d
CK 4.268+0.394 4.715+0.989 3.830+0.151 5.069£1.014
0.1 5.721+0.447 10.598+2.665 14.704+3.313 16.108+3.386
1.0 10.638+0.574 16.583+1.468 18.073+4.647 22.739+6.357
10.0 13.146x1.286 22.096+1.884 24.461+5.634 25.185+7.209
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Wi ot 44 DNA B RSB Y S AR W

35 r
O control 0.1 mg/l c
30 f Bl0mg! M10.0mg! e
[+
2 | woooal

o

20 r

Olive BfE (OTM)

7d 14d 21d 28d
fif e (times)
K 4 B3 E A = B B DNA #3455 #(Olive B&R)#1%m
(*: SXRAILEE, p<0.01; ablc/d: AMBTILE, p<0.05)
Fig. 4 Effect of endosulfan on comet OTM in white clover leaves
(**: compared with the control group, p<0.01; Different letters in columns are
significantly different at p<0.05 level between treatments)

MR 7ME4TUER, GALEE, SFEBANB=HEM 4 DNA HH1R
Yite R, TiEBEEREREM, 22 Olive RAEMMERZ MM, X DNA R RE
BER MR B K. S EAM, 254 DNA KEE Olive RFEHHEE
2 7 (p<0.05~p<0.01),

3. itig

EIM Singh % (1983)EL 7 HERAB LK, HLREE, FfE. REFHME, ®
I MR FREFE SRR A IR IS (Lee et al,, 1999). 23 RMrukM7xE, Hi%
FER KRB 2R SR & B R REAREY (Mitchelmore et al., 1998;
Steinert, 1999). 5 iRK A5 K I 21 52 2y 32 25 4k 22 7% W 1 AU A B AN 48 U ¥ DNA B4
(Rojas et al.,1999; Reinecke et al., 2004) . HLE LATER) DNA GFFAFAR, HE LR
7E DNA RABEZ 6, RERK DNA i, MATEZIE LSRN FFHEBT, B
JXF DNA 3345 i 3038 5 4 R (Chen et al., 2004; Qiao et al.,, 2007). BAREHNITER
ERHATHRERSCRA RS, BEMEEME=HEAFANER, HidEELRTE,
ARSI R EE AR AL .

R R RIS AR E G, 75 S50 3 =40k DNA & sdits, Fx
BAMMHAEEENER. ALRERRY, 0.1mgke~10.0mg/ke B FHY 7T F BRI
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ME L DNA T #9583 B KA Olive BEEMEZE T (p<0.01), S3(8 T DNA
i, BREERFAEREMNLIA TR E-BKR. Bajpayee Z(2006)K & 2R
Rz TR ECRMAEREMREK DNA 545, &RbRN, EERTIKE
AR, 4078 DNA M RE RSN K, RAHBRFE-MNXR. HLRERTLL
B, EFR—MKERSTRET, MEREMBMER, EE1ARH R DNA K552
FEZHRM, SEHM DNA THERZEHKH Olive BEFEHEEAR (p<0.01). &
LR Song & (2009) BT SRS T3 28 b 4 HIRE 7d. 14d. 21d F128d, 4
RER: EMHAREKRET, EERENEMTK, WiSAERH MR DNA KRGREE®
REHIEM, BAME-HMNXR,

Bt A YA RDNARY I E AR — MRS R, TR — B EMtRE, H
BERWHET: F£—, WITHARHR=YT B EE —ENIDNABGRES, FEHLENS
WRTMET A RDNATG: B, BRSPS Y A% RDNAKB G R 0
SEDNASGR R, EAHBEER KM, DNABI M. Sharma % (2007) BHF%
RIE0.25ug/LAIFR TR AT Xf M (Mystus vittatus) 15 RER G . Yuquan 2 (2000)%H
EERG. BHREAETHARMEZARTIZ T 5T HepG2 4 bk FE MR, KM
BiSTER T BEMDNAS . XA KA EM iR GEEHE.

EERARERIEXRHATHACHR T ZNA, BEUGHAY, SRLRE
RA A WA RTTH DNA MHGIES . HYEEEE TN R R BTSSR AL
W () B4 75422 — (Tomos et al.,2000) , T ELA F A6 4 & 2 5256 $EAT SR IE BRI
Ky Pli(Gabriele et al.,2001), RFEYEELRAZVHAMEELL —HTRE, #ETH
BRI —FFR, FUFLER—PhEANEELR MR, BIXHE5ES)
MY DNA S MRS, KA MEHATHES LM ER B,

AU E XA A=A ZREYME, #TE RN SR RARATRE. &
WK R, X HAEMAL, ST EA=mEH 40 fghss D 2R R R
DNA #iffi, T ELRERRFTAb RV BT (38 hnoF 2R 58 e s o (R AR SE G, 0 s P AL FA 5 B AR
FEthpEZ8m. dtRBA=mEN LN TEDEELR, HRAEGETEY
DNA Fy#if5 .
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BiFIRAEY) DNA Bii R H R AE M RR S

EME 7AW DIEMEMESE S #1458 DGGE S FIs i

HERM L RESREFTHMEDNRE S U RGN KNS REWMEY AT 7 A5
5, REEL B ELER, REFEHRAIORMT, RBRTAEFEFREL
DEMEY. EFRENRBEWHEDNERRR, SOEFREMNEETRIEHAEE
EHIZ RN, AT, RPAEFRAMAY —BRRASHMEDEEN 0.1%1%EH, &
LR 10% (Muyzer et al,, 1999;  Edrick et al., 2000), ik % $ B A2 T I BUE
Fo MT BRAEPMA B ETRRANE I, RIS BRI AR 2 H
PGB 2 HEME (Amann et al., 1995; Engelen et al., 1998; FR#EIESE, 2006).
BEE D FAEDETBAR AR SRR EBE, FL2IELHER, HENLEPR
IAEYD S DNA, Fi AR Y8 5 2 R R AT VS R A RS VR B T i, TR
IR (Torsvik et al., 1998; Yang et al., 2000; Z=& X%, 2001). PCR-DGGE %2
BTN R B BB A B A 4 DNA 5, E#X K S HAE 16Sr
DNA #F#AEE MY W5 WTI R H PCR §714, /55 PCR =#iaf DGGE
Rk ERIT o EMEE, NS H EEMEDBEZEENFER.

F—1 HIEREMERBARNG XL

13 5 DNA BB R R REMEYX RAVERIER Stk &4, 10 L REAEY
BES T ERER, BEEN—PRENLERELTREZETMEBE SR
B, BAERRENMEMRERAE DNA, NTTHRERERNEHFEE. RETH
JREH DNA J5, EHUA LK 5IMAMRHE BT BEAFRRBLRMENZHERHN
SWHILEFR, Fitk, B8N &ENERMARREY #ER S EYRES
MR OEE SR,
1. #R575EE
1.1 gttt
111 R i

B L HER B LR RN K SR M o)+ 38, B IR]Z 2008 4F 9 A T4, L4
KETE 10%7Eh . BRI S fORFE, BREDERIAAE. HEEHA lom
EANREL, REFEEAN 20cm. BEE, HIBRABRREYRASRY, LA 40
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BiE, %48, F4CHKETRERM. WELEBEAHRNEK 8 Fin. LRIBIUHERMN
e JTES IO (B, 2000).
®8 HEAUMR

Table 8 The physical and chemical character of soil

FHUR  ERH AME EREE EREX

ot £ i) pH &
g/kg mg/kg mg/kg mgkg FHKE %

gL 17.6 125.7 132.3 18.4 185 7.6

1.1.2 R A

Rl et R KRR F

B pax[Eat R KA FERF

HEMW vagiieat 1 L2

e e R KRR

S A R KRR

+ AR R Gy Hr ek RETRENERH

TKZ 8 A TEL RN AR

L _RZY . e RETEHRUTHERAH

g S Hra RETEHRUTHRAE

AN i EHA LR ERAFFRA A

A IREE H: iR 7 R R R ZFE R TF R F 0

ERPEFERR A AR B4 EALERFFRAF

CTAB X Ar il B 254 2R FH PR A F]

R85 ‘ A LR Sigma /A ]

EHE K A AR A mersco 2 ]

L13 2 FAWE

Taqg DNA A& 8. 10xPCR Buffer. Mg®*. dNTP. DNA 4+ F &5 DL2000. DNA
A EMGRFI & B L T AP TREARRS A RAF; PCR =YRIBGAT &M 4t
MEHBEERAF.

HREERY:

KRS R EEETAY TEBARRESE BA T &Ko
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BiFE3d 4 DNA 56 f H SR EMRE SR

1.1.4 {08
HPS-280 R A4k 354 MRERBEETRARTRERAF]
202 B T RAH HOERMUB AT
BCD-200C vk#5 H &g RER
Tk I &R EE
PHSJ-3F ¥§% pH it LEEEEUAE
LDZX-50B 3.3 B AR K B 4R EERFENERARAF
Centrifuge5804 &R & EA % B0l #EE Eppendorf /A 7
TGL-16G ®iE & XN E Ll L RERENEE
LX-100 % _EES.LHL TR T HAK JURA R
LQP-B #l#kHL il EER R
KQ-500DB B! 47588 /5 i i UE 4% BULTEAENSERAF
Tz —mFaIiRFE #%H Sartorius 2 H]
BRZ—BTHIRF 1% [ Sartorius 2\ 7]
DYY-6C FiL¥KAX FEEFA—AEET
2.5. 10, 20. 100. 200, 1000, 5000ul. %[ Eppendorf 2 ]
TR 2
MyCycler PCR #"#{X 2% [ Bio-Rad A 7]
Gel Doc XR B AR X 2%[H Bio-Rad 2 #]
B AR IR KB 4R FEHEKRBER AT

1.1.5 3 5 DNA FI2EL

FA=MARK T EN L EERA TR, DHLURESY T —M&E3. fEnt
% DNA #RE7iE, RESTFEWFEKT EHFUR A H#EA YR T &4, RN AL
BHAD S FAESENHATHRAARESE.
1.1.5.1 7% a KA Zhou FTHGE I 7 1%

S Zhou (1996) HIF i, FimLASuH:

(1) FREEIEFES 52, MU 13.5 mL () DNA 25 # (100 mM Tris-HCI (pH
8.0), 100 mM EDTA(pH 8.0), 100 mM &% (pH 8.0), 1.5 M NaCl, 1% CTAB]J;

(2) A 100uL EHE K (10 mg/mL), F 225rmp #&IK 37°C#E3) 30min;

(3) A 1.5mL20% SDS, 65°C/K# 2h, 3% 10-20min BEHEMEJLT;
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(4) =i 6000xg L 10min, WE EHE, B S0mL B.OEP;

(S LUTIE R 4.5 mL IR 0.5 mL 20%HJ SDS, #% i€ 10s, 65°C/K¥& 10min,
E i 6000xg B0 10min, WEE LESHTF LKL,

(6) ER Lid#fE, WE LES/ITHIK LEE I

(1) EHERSFRROA-F R4 SRR S, B, RBUKHEBRE S —
50mL B.OEH;

(8) LA 0.6 B AR 7 AR ERITHE 1 h B R

(9) EiE 16000xg B.L» 20min, WEKBBIIIE;

(10) RV H 70% 2B, ERTKEMLEFKF, BLERA 500uL.
1.1.5.2 7% b KA Kuse (1997) FriRi&miiE, Imblskist.

(1) FRENEHEFES 5, DI 20 mL Y DNA $REUZE M [50 mM Tris-HCl, 20 mM
EDTA, 100mM NaCl, 1% SDS], F 70°C/K& 1h (5F& 10-20min B JLT);

(2) 6000rpm B0 10min, ¥ LEHEBEFHELE S,

(3) YT¥EM 1.5mL $2BOH(50 mM Tris-HCl; 20 mM EDTA; 100mM NaCl), B
20°CUKHEA 65°CKBH R E R, A 3 IK;

(4) 10000rpm EF.L» 10min Y L i&;

(5) &3 L, MAFEROEN/7IEE, FHRSE 10000rpm B0 15min, T
BEBEZFEOES, EREMARRE, RERSHFBANIKEF 4CHEH;

(6) 10000rpm B> 15min, # _FiEWEKBRITIE;

(7) IIATRAHI T0% L BEBEHEFHIK, ZRTRE, ERTRENEE TR+, BE
AF4 500uL.
1.1.5.3 5K ¢ KH Tsai (1991) BB 7%k

(1) IS Sg, A 10mL BEER 228 ¥, T 150rmp 2K 30°CH#23) 15min;

(2) 10000rmp 20> 20min, 3 LiE;

(3) BXUTBEMARAEWE I (150 mM NaCl; 100 mM EDTA)7.5mL, 50mg/mL ¥4 &iKE
2.5mL, 37°C7K¥# 2h(55/% 10-20min BREH{H )L T);

(4) 10000 rmp B4 15min B b7, YiiE MA@ 1(150 mM NaCl;500 mM
Tris-HCL;10%SDS)10mL, B E-20CoKiB M 65°C/KIB+H R B4R, 785 3 Ik,

(5) 10000rmp B5.L» 15min BX L7 ;

(6) MAFEBRHR i/ AREE, F/HREE 10000rpm B 15min, WE EiEEH
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Bt 3144 DNA H0iR 3R EMREE L REPEN W

BLES, MAZERRAR, BRIBYIFBNKEF 4CER;

(7) 10000rpm B> 15min, F _EEREKBRITIE:

(8) MATAK 10%LEHRERH R, ZRTREERTKENEETKY, RE
f&H A 500uL. '
1.1.6 AFJ7iEFT3HHR DNA F & E

ARG DNA F 5 208 I B R A vk i, R R A 0.8% 0 B A vl it
ITHLIK .
W ILIR:

(1) BBH&: R 1.0g BARBEMA=/AME S, FA 100mL IxTAE H#, B, F
W I RE, REAEE, BINERRES, KPR ERRR, FRREE;

(2) MDRERTF, BEREERERE—FRBANE L% IxTAE MR Bk
B, PSR RS 0.5cm, KHEKF;

(3) B 1pL IREEmB A T4 OB E, BB SuL DNA B iR & TImeE 2,
SR 5 P BB I AR R MBS A AL, BRI SpL #9 A-Hind digested Marker
BN — 3 AL s

(4) BBk, Ko EAH2 120v, AIKETEY 45min, f DNA F& b1 5% @ B
w3,

(5) HIKERJG, 7FEB @+ HE 10min, £ F/KEYE 2min /5, 7€ Gel XR
i E Y LRGN e Tiis
1.1.7 $i3% DNA Fi4tiik

T 1.1.5 PRk =F DNA #REUHEREU DNA B 242 [ DNA B, HHidd
BEREMHABLT, WML, BEM. RNA, REENREH IR N0 EERE
Y, Hi, i DNA BBEFER L4, A 4HT PCR FREEMIT.

AR R A R TAY TR ARS A MAE K UNIQ-10 A3 DNA JRZ[HIKR
& SK1132 X1 #H4% DNA #4744k, LIRS TRELBRH PRI &K% DNA . Bk D&
W

(1) BT AR YK H i) DNA F BB ARTHES I, RIGERIMT
TRTAHMFRTIETEFEM DNA MEHER, B 1.5mL B.LEH;

(2) #% 400uL/100mg 37 A5 BE BEAL i EL B M Binding BufferIl, BT 50-60°C/K# 9+
10min fFRATE AL, IR, % 2min RS —IK;
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WRRMAFE LA

¥ AL B IR # 2B TAE 2 mL BUEE W ) UNIQ-10 #:+, ZiE /K& 2min.
8000rpm ZE{F - Imin;
(4) BUT UNIQ-10 i, {813t h I, ¥ UNIQ-10 AR — M &S+,
B 500u1 Wash Solution, 8000rpm 25 i &0 1min;
(5) BEESE4—K;
(6) BUT UNIQ-10 #F, Bl E PHIER, K UNIQ-10 HBAF—/MUESE F,
12000rpm ZE# #5.0r 155,
(7) # UNIQ-10 AN —#RFH 1.5mL B0, 7EAFRE S R 40uL Elution
Buffer, ZE#E K E 2min;
(8) 12000rpm ZE#E B Imin, B0 HRAKEN B DNA BB, F-20CiK
FRAE
(9) BUSpL 4546H) DNA #4545 1uL IEEEWIRR S, ReFMEB R ISR N
N HIRE S FLA, FEREN Sul i A-Hind digested Marker i\ —3% fiBEFL, 76 0.8%1H)
FRRPE B AR AT Ek. HIK/E4 EB #efi, 7F Gel XR BSR40 W B ik 45
RIFME.
L.1.8 AN EHEUT7 3 J 1 e 5 F W7
BTN L SP RS DNA TFEA TFEHS TEYEMTLR, FTUES =
AREIRGH) DNA BAT R HISERHERMES T, FEESIEE B § 5 WHdTH 14m
BRHE, RIEWSERRIUT % ZMTEIEXT B R WS 58 DR 55 7= 4 6 B ik
R,
AT V3 AIRX 1% B PCR ¥ 3
T PCR ¥ 841951 9% 51 A
IER5]# 338F: 5'-CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG
GGG GAC TCC TAC GGG AGG CAG CAG-3":
REG14) 518R: 5'-ATT ACC GCG GCT GCT GG-3'
(EMZIYE 5 ik GC KRR FERN T HIN DNA UM X 5 E)
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Bir 44 DNA 85345 80 L3R E R S 4F 1B R

K 9PCR Y MR MER (50uL)

Table 9 Amplification reaction system of PCR (50pL)

il 9% AR
10xPCR buffer 5.0 uL
Mg?* (25mM) 5.0 puL
dNTP (10mM each) 2.0 uL
314 338F (10uM) 1.0 uL
3149 S18R (10uM) 1.0 uL
Taq B§ (S5U/uLD 1.0 uL
M (4ifb)EH DNA) 1.0 uL
ddH,0 34.0uL

%R ZE 0.2mL () PCR #EE& J A\ ddH,0+ 10xPCR buffer, Mg** . dNTP. 338F,
518R. Ktk DNA, EAEHEEL, BT PCR U LT PCR ¥ H#EHF, WHJEHE
G Taq B§, 4K4E085, PCR RMAMWT:

PCR R4 AH:

94°C
'
94°C
55C
72°C

72°C

4C

5 min

30 s TN

40 s > 35 cycles

50 s _/

10 min

forever
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WHERE KLU

REEREW SuL ¥ 8795 1l EEnEES, RERMEBBE RSN
ABBRIH @A, BRI Sul # DL2000 Marker SIA— 35 sl FLH, 76 1. 2%RYERIE
BERRR EEAT K. KL EB B8, 7 Gel XR BRBEBAAPMRAEKLERHN
M.

2. GRS

2.1 ZHFHERBEES DNA i ik

B SRS F B DNA Marker U8, TTRLHB AR KB REELS DNA K
HTEXD, RFRSREERETHEE. RFIEAT 1-Hind digested Marker /£
RS T8 DNA, HRERE 5), SMGEHLERE L HM4ENS DNA, Hid
DNA #IK/ME 23kb £ . B4 a Bl DNA, AR —&BRRME&W, DNA B
BXAPLES—, HRBHFTONERE, RIWERRY. MEHFE b, ¢ fiELK DNA
FERICBE, BRIFHEH, FTUl DNA MRERE, FHHRERE, RROXER
FEa R E,

B 5 =FFFFERISCRN R XER

(M: 2-Hind digested Marker; 1, 2.8 a fREUEH; 3, 4778 b IREX
B S5, 6 cBRBER)
Fig.5 Electrophoretogram of DNA extraction from the soil using three
differente extraction methods
(M:A-Hind digested Marker ; 1,2: the result of the method a:3,4:the result

of the method b;, 5,6: the result of the method c)
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W3 DNA SR LW RR £ R KW

2.2 #i4kJ5 DNA i dik el

#iALJE i) DNA FiFsk B LR 6, Bk EALUE N, FiE a R DNA £4iLJ5
HB AT HEMERKE®, B8, HAMEMN DNA 24 ERBATRRATEN
Efgred. 7 b WA T —&BNERELT, HE DNA MSHELEES, d
El /G DNA 815 B — S RE, TRENEHNT B L—BM. Jik c #NH
DNA PR aifefs, &% +088, X555 DNA RERE, TBEFX.

Bl 6 =MITiEafehs Ak g

(M: 2-Hind digested Marker: 1, 2757k a #8IXSR: 3. 4778 b REGR: S,
6: i ¢ BRI

Fig.6 Electrophoretogram of purified DNA with three different extraction methods

(M: i-Hind digested Marker ; 1.2: the result of the method a;3,4:the result of the

method b; 5,6: the result of the method c)

2.3 FRAJFERIK DNA T 5 AN

BRBEIAE DNA MAEHELRE, £ BB LR TRAEARNESENG
e, BBEMNENS FEDFEFLREOTIR, EHTENMPLALK DNA #HiTHRN, DA
B R SR RAERNE. RITKBFX 5% H 05 W4T PCR #5318, FHRZERE
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WRRILKFR L EAig X

S 7.

WL R BRI a BifR DNA 147216 PCR YR EBR, HEBERWRER
#, MAH b AT DNA BN DREEL T a B, XREIHED, TN
RME, MHAE c ik DNA VMBI HROFYHEAENES, THRELT>~HE
I, BRI, NERATLEY, FiEka R —-HBESFLRORITE, MHED
RO LURF RN, Hikc WRERTALR., XWX =FRITEN A AR
A+i% DNA MR R FERKER.

B 7 D=#AR R DNA HBE T WE IR va Bk il
(M: DL2000 Marker; 1:77#% a $28XAY) DNA; 2:777% b #2530 DNA; 3: 777k ¢ {REUH) DNA)
Fig.7 Agarose gel electrophoretogram of V3 frament amplified by three different DNA
(M: DL2000 Marker; 1: DNA extracted with method a; 2: DNA extracted with method b; 3:

DNA extracted with method c)

3. itig
WK, BASEERERRNEA Ry SR LM a Y DNA, AAERE

BodY DNA KR ES AR MRIE DNA FREERR, HFERTTEHB BN
5% (Smalla, 1993; Duarte, 1998; Elsas, 1998). i F1+ERE A MARIPE I, B
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it x4 DNA $5 6 F E = DI BH R 2 HHE B

4% B —FEF BT LI DNA 2007, i H LS8 KB MR FAE PUR AL
4, RS DNA FEREE, Fik, MHEF &Rt DNA REHAEE. X6
REFMRRERER L, BT =FETFARARBERNAETE, K TELEMR
AR DNA M4, BEEL—HEN. TENES THED S TESFETRIK
DNA W FE. ZARFE o RAB—UEBRSRARNE, Hb+ B imm
(SDS) #/iZ N T DNA #2EH RN (Sambrook et al., 1989), +INkikE=H
HRIE (CTAB) T LU MM MR R4 BRI (Yeates and Gillings, 1998), Hit
X F AR A BRI E B 7% a IREKFE G DNA R &5 H, HHEL
RN G RFIMB SR, BEaExS LD DNA BATHERAORME, ThTAX L
BIRA, MTTBIFHURHE T # A E 4 DNA M5E8E. M5 YmEEEa ],
J5i% b Mt T A vRAkvE, XM DNA (IRRFRE IEGR, EHEIR L™ EANY
5, BRI DNA MRRE. HiE o k¥, WEMBEEKEER, WTREH T
FIRH R DA T M4 AT TR OKAR FE RO, T VR R 7 (8 R AR 9 DNA
HEBG— LR, ¥ DNA HIBRrS FiRaL, 6748 DNA 158 SRR K.

B Xt =F AR DNA 2RI ik L, b BOR R, UK ARMARG Y
BATH) PCR ¥ 1845 R HLE:, MAHFENET Hik a EXRRRPHMENE, HEER
AR P BATTHI R, S 39 DL 7 g AT R

E—F EMPCR ¥ &AM

S5 o B R 05140 2 Xt 4 I T 514 338F A0 S18R, SRR R/ 7t H # %
H(V3 fEX)BAT PCR §18, BT AFRFIEY HMBORMLE, DURHRE—HMR TR
MR BT R AP B Y G SRR
L5 75 8
1.1 2554

Taq DNA ¥4 8. 10xPCR Buffer. Mg>*. dNTP. DNA 47 &#54E DL2000. DNA
b RIBGRAFI AW E I E TAYM TREARARESHEMRAF: SYBR Greenl ZXREAH.

ERZERSY, AMAFTASIYHH EBETENTERARRSERA TG Ko

1.2 FE{ 3
HPS-280 B4 (L% 5540 BREFRBEETFEATRERAF



R R N1 LA R

202 BB R TR yARE o TN
BCD-200C vK#8 H &R Ed
TR I B 3ok v
PHSJ-3F ¥§% pH it LEEEEUAF

LDZX-50B R AR R KEH EEBFENRERAF
Centrifuge5804 &R mEAHE LHL 4 E Eppendorf 24 7

TGL-16G &g & R B Lol LR
LX-100 % _EE.OHL LA Mg 1A LR A F)
LQP-B vk #l LR BN
KQ-500DB Y ¥4 i i i 8% BT A A RA R
T2 —HFHIIRF 1% & Sartorius 2 8
BA4Z—HBTITRF 1 Sartorius A
DYY-6C FL¥KAX FEFETA—AET

H AR IR K B4R ERKMEBUERAT

2.5 10. 20, 100, 200. 1000 5000pL 7% Eppendorf 2
HERE RS

MyCycler PCR $"$#{% % [# Bio-Rad A F]
Gel Doc XR BB AR X % [ Bio-Rad A7
DCode #H RE F % % Bio-Rad A
1.3 SEFIACH
© 40% WIHBLRL T XN FHEBRE (Acrylamide/Bis 37.5:1)
Ragent amount
Arylamide 38.93¢g
Bs-acrylamide 1.07g
Add ddH,0 to 100ml

Filter through a 0.45 p filter and store at 4 °C.

@ 10% IFEKL (Ammonium persulfate)

Reagent amount
Ammonium persulfate 0.1g
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BiPr3EAEY) DNA B10i 80 3R L YRR LA R

Add ddH,0 1.0mL
store at -20°C for about a week

® 50xTAE Buffer

Reagent Amount
Tris Base 242¢g
Acetic acid glacial (7KZ ) 57.1mL
0.5M EDTA pH8.0 100mL
Add ddH,0 to 1L

Store at room temperature

@ Denaturant stock solution (10%)

40% Acrylamide/Bis 50xTAE Formamide
Urea (g) ddH,0

(mL) Buffer (mL) (mL)
0% 25 2 0 0 To 100 mL
10% 25 2 4 42 To 100 mL
20% 25 2 8 8.4 To 100 mL
30% 25 2 12 12.6 To 100 mLI
40% 25 2 16 16.8 To 100 mL
50% 25 2 20 21.0 To 100 mL
60% 25 2 24 25.2 To 100 mL
70% 25 2 28 294 To 100 mL
80% 25 2 32 33.6 To 100 mL
90% 25 2 36 37.8 To 100 mL
100% 25 2 40 42 To 100 mL
1.4 TR
1.4.1 % # PCR ¥ 7 L4k

RMNAKZR A S0uL, RAFHME V3 XEKHEMASIY (338F. 518R), #itcidEy 1
RNAKZRFH Mg?. dNTP. 3IMHI&4REF=PIRBRIFIAIME.
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e ZRAO KRR L2478

#10 PCRYMRMAKR (50uL)

Table 10 Amplification reaction system of PCR (50uL)

N L o

1 2 3 4 5 6
10xPCR buffer/pL 5 5 5 5 5 5
Mg (25mM) /uL 5 6 6 5 6 6
dNTP (10mM each) /uL 2 2 2 4 4 4
5% 338F (10uM) /uL 1 1 2 1 1 2
5|4 518R (10uM) /uL 1 1 2 1 1 2
Taq B (SU/uL) /uL 1 1 1 1 1 1
55 DNA/UL 1 1 1 1 1 1
ddH,0/uL 34 33 31 32 31 29

K IKLE 0.2mL () PCR #EEZE A ddH,O. 10xPCR buffer. Mg?* . dNTP. 338F.
518R. iR DNA, BAJEHkEE L, BTF PCR X E#T PCR ¥ 1E5F, FHEN&
BN Taq B, ZKLEMEER, PCR RNA&MHWT:

94°C 5 min

|

94°C 30 s —~

|

55°C 40 s > 35cycles
|

72°C 50 s —

|

72°C 10 min

|

4°C forever
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Wirkst 44 DNA B0iR L3R EYRER ZAHLIE W

RMEFRER SuL ¥ =95 1L MEEMRIRES, REAMEBRBIEEMIA
BRRHIRE R LT, BREX SpL #9 DL2000 Marker SR —35 SREFLF, 7E 1.2%HBR e b
B LTk . BIKE2 EB §efa, 7E Gel XR B AE AL H MBAIkE RHM
158

1.4.2 DGGE #f F Jk A Jl
1.4.2.1 HIRH S
(OHI V5 8 P BB AL H]: R EERZ
16mL  55% Denaturant/10% gel
70uL  10% ARERH
18uL  TEMED
@LO 4 88 AR A BCHl:  (RIK B
16mL  45% Denaturant/10% gel
70uL  10%3d B Mk
18uL  TEMED
1422 HIKE R
(D) KBEBREEHLZEERA L, FERR EE.
(2) ## Luer coupling FIVEST 2%,
() WEFH B E S AR RS TEN R R AR IETIER,
16*16cm EtfZ(1em JE), JAEN 14.5.
(4) KECHFRIE. IR R RSB I T & AR A NS S A L,
H e Lmdk.
(5) ¥5 408 M M4t Sk By — (U B s 2E R K L TS, TTER RN
(6) ZiBHEFILR, REHARRER.
(D) PLBBARTFIFIFRHEE. RTFEEH. KRREY 60 min BUE K E,
(8) REREE, /MOBUHHKT.
1.4.3 ik
FRrRX 2. & %4 BIO-RAD DCode™ Universal Mutation Detection System.
(D FERBBIRR S, B e s 5 28 A AR TR rh ot BB LA R R & BRI
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UIRRA N AR

W HR BT BRI B R B3 0F, FFRONRikAE g, FERTRBIISRZ [l i 1xTAE
Rk E, & ERREE. EREKkCRER. (R BEERTIT

(2) IKATIT AR MRERIZREE, REFEMNREN 60C, SrEHKEMR
MAERBEERE.

(3) HRXEMBREXIREREE, BAREREE LHET, ABBIRKECRS
BIRES PCR FIMABIMBEIL . (REsE b RS PR B0 26 TR R AL

(4 HEKZEHBREEFABTREGEE, FTHRKNHRE, RERKTERE
5], RITARE I MR,
1.4.4 DGGE Hiik %1

7Kid: 60°C

EHE: 30uLPCR =4

HE: 150V

FLYKIN[8]: 6h
14.5 3ef8

KF SYBR Green1 #:f& 30min.
1.4.6 M Hr

KA BIO-RAD A AH] Gel DocXR B MBRLEME, FAEEKM Quantity
One HAT 57,
2. R G4
2.1 H#L PCR ¥4 1

MAETKE 8 ATLLEH, RAEM PCR HIES B MBEREITHYT ¥, L=FH 1. 2,
3/ATH Y (49 210bp K/D), TiALEA 4, 5. 6 BET BB R. LEEA3
PRBKEYREERL, BMARTERS. LA 1 M2 MR A SRR,
B BB A
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WA Y DNA B0 HIRAADRE L 0w

Bl 8 L3 16SDNA EH VIEHMPCR I A B
(M: DL2000 Marker; 1:4CEEAL 1; 2: 4bBRMI 2, 3: 4RBEA 3. 4; WCEMAL4: 5. R 5 60 4B 6)
Fig.8 PCR amplified 16Sr DNA(v3) gene of different soil samples with routine PCR strategy

(M: DL2000 Marker; 1: group 1; 2: group 2; 3: group 3; 4: group 4; 5: group 5; 6: group 6;)

2.2 DGGE B k4 R

BEM PCR AEF A 1. 2. 3 FrikB Iy 8= Y31T DGGE &Rk, Fif4
RIE 9. NEFAUEE, 4843 57U wEdRHRKABTREMET, BH
FBFREL, EA 1802 FRAFEHRERD.



UORR AL K E M2

B 9 L3R 16SIDNA ¥ v3 X# DGGE B
(LR 1, 2; 4B 2, 3: A4l 3)
Fig.9 DGGE fingerprint of 16Sr DNA(v3) gene from different soil
(1: group 1; 2: group 2; 3: group 3)

3. itig

ERAMATESLEHAP, FELREALFLL PCR BAMEMKIE, EHERMLE
BT — S FMIT. Ll PCR FHRRES=BEZHENLRNEERR,
HEENYT H™Y, ANTEHNRkSEURCENNRES, REBKHIERR.
ME ) DNA #RET PCR ™ M H, BRI S SHMEW. PCR RIFHLRRALE
FERRTARKAE =PRI &, AR, BBENH. B4, HERELHORH
REEHR. FELHEELEW PCR T MG R, XL SR BBRIARY. Mg? . INTP,
FIFERR, FELRRR LA REF=IRBRIFHARR. D TFHEMAERS, TS
H DGGE #BH AR b, MsEGidx PCR ¥ TR, URET HMIO%NE,
T S Je BRIk AT iR £t R A7 B9 S iR i

®—%5 Nest-PCR ¥ 1#¥73%
H3{ PCR (Nest-PCR), h#F#k4A PCR, RIFEFABE PCR 3|43 #1TH% PCR
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BiFt 3£ DNA B0 TR YRR 2 P f0 e m

YRR, EE—RY S, S5IAULY Y, W ERTIYRFEET#T
R . BT Nest-PCR RNMHEFHIK PCR I 18, NIRRT LA AL RE
P, M TRMESRNE: XBFFHS PCR 51 5RIERKER, T R E e
P, RUHREEE. EER. BRER. BUSES. ATERLEHEM PCR &
ik, FAEM PCR PTRBHT MY B, F#IT M PCR F i, EidXH
Nest-PCR AHAEE$E PCR # M HR, M3 H % H7E DGGE Bk LAEB BRI R
.
1. MR E
1.1 25 itk

Taq DNA X4 . 10xPCR Buffer. Mg®*. dNTP. DNA % F 2474 DL2000. DNA
dbEBGRAT A B LA TAEY TREEARRSER AR SYBR Greenl REKREAF .
FRBEMEY, BRI b LE TEN TEBEARRS TR & M.

1.2 F BN
HPS-280 B A: (k548 M8 TR AR T HARTT R R A 7
202 B XTHRAE O SERMXER A 7
BCD-200C ¥k%8 HHil/RER
A % RER
PHSJ-3F ¥ % pH it FEREEUAF

LDZX-50B M. R HRIK KE R LHERENRERAH
Centrifuge5804 &R EEA G/ OHL 4 E Eppendorf 22 7]

TGL-16G & & & Ll L RERENIE
LX-100 2 &L LA Mg AR IUR A 5]
LQP-B #lIvk#lL bigeE R ERT
KQ-500DB B %458 75 BB UL 3% ELTEAE ST RAR
AR Z—BFHIRF 1% [H Sartorius 4 7]
B Z—HTFHMIRPE 14 [® Sartorius 7 ]
DYY-6C Hk{% bR A—R

2.5, 10, 20. 100, 200, 1000, 5000pL  #&[E Eppendorf A ]
R
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WIERARNY K18 12247830

MyCycler PCR ##{% % [# Bio-Rad A7)
Gel Doc XR BERZARARAX ¥ [H Bio-Rad A7
AR R KRR LR BRIERAF]
DCode HHRE R4 3% Bio-Rad A 7]
1.3 DGGE &8s IAC il
FAZHE Y 1.3 H5.
1.4 Nest-PCR 30 J7¥:

Nest-PCR ' R NARAN RNAR, TEHRET MY, T¥ER 5198 27F
1 1492R, ‘BEATRIETF KB E 16Sr DNA ZEFFIMRTRE, 2T THFEFE
8-27 1 1492-1507 AN E, REHMET Y.

IFR514 27F:  5'-AGA GTT TGA TCC TGG CTC AG-3'
R @314 1492R: 5'-GGT TAC CTT GTT ACG ACT T-3'

PCR RNAARUTF:
11 PCR¥MEMAR (50uL)
Table 11 Amplification reaction system of PCR (50pL)
H RS mAE
10xPCR buffer 5.0pL
Mg** (25mM) 5.0 uL
dNTP (10mM each) 2.0 uL
51%1 27F (10pM) 2.0 uL
514 1492R (10pM) 2.0uL
Taq B (5U/pL) 0.5 uL
B DNA 0.5 uL
ddH,0 33.0 uL

fIKLE 0.2mL ) PCR #EEE S A ddH,O. 10xPCR buffer. Mg?>* . dNTP. 27F.
1492R. Btk DNA, B5)JEWEEIE .0, BT PCR X L#t4T PCR ¥ B, FHAEME
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W34 DNA SR S E YRR LRI W

EPMA Taq B, 4K4EMEK, PCR RN AMWT:

PCR ¥ HHIFEFU T

94°C 5 min

}

94°C 45 s —

'

55°C 45 s > 32cycles

|

72°C 90 s —

}

72°C 10 min

|

4C forever
TR

# 12 PCRIMRIMNIER (50uL)

Table 12 Amplification reaction system of PCR (50uL)

H LT AR
10xPCR buffer 5.0 uL
Mg (25mM) 6.0 uL
dNTP (10mM each) 2.0puL
B4 338F (10pM) 2.0 uL
514 S518R (10uM) 2.0 L
Taq B§ (5U/pL) 1.0 uL
Btk DNA

1.0 uL
T HER LT # =Y

ddH,0 31.0 uL
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WERRM K& 2R

K IKFE 0.2mL 7 PCR #EEE H A ddH,O. 10%PCR buffer. Mg?*. dNTP. 338F.
518R. Btk DNA, BAEHEIE.L, BF PCR L L#4T PCR ¥ I, WMMGEHE
EPMA Taq B8, SKEEMEIF, PCR KM &M

94°C

94°C

55C

72°C

72°C

4C

5 min

30 s ™~

40 s > 35cycles

50 s -)

10 min

forever

RMER G SuL 58795 10l MEEHRIRE, REAMEBB KR
BRI FLH, BIREL Spl i DL2000 Marker A —3% SFEFLER, 78 1. 2% 55 IS ik
AR LT k. K2 EB §+ft, 7F Gel XR BERBE R M B H Ik BRI,

1.5 DGGE %52 ek Ay 3
FAZSE - 1.42 5.

2. BRE5HW
2.1 Nest-PCR §" 145 5

VAR 1RGO =Y Rk G RmE 10, NRKEFE B L8R ET %5 R
RETBREFHT ¥, BEEK R BHMADLS 1700bp, ST RHRF, 7T URLF

K2 F—# PCRY MIEE,
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Wiy £4 DNA B H R AR % £ L E R

B 10 13 16SIDNA £ H PCR " # B
Fig.10 PCR amplified 16St DNA gene of different soil
¥ AR TEERT MMM PCR F 8/ T e Rk, AikERuE
1, WAKGERERE, iy #ikR IPCR ¥ MRE TRFNT 8~%, FHEHNER
HFEX/NAZE 210bp K4, STBAKMERMMT, AmskFHEBHRUKRE, 718 PCR
PRI R ANE I — B . F# 3 PCR AL, Nest-PCR BTk MY #5~4, RERKE, PCR
FEYREBI TRAEENER, XHREF TG DGGE 447,

B 11 AR 177k n 13K 165:DNA EH v3 X B
{M: DL2000 Marker; 1, 2:Nest-PCR #7#k: 3, 4: HH PCR IiE)
Fig.11 PCR amplified 16Sr DNA(V3) gene of different soil samples with different PCR strategy

(M: DL2000 Marker; 1,2: Nest-PCR strategy; 3,4: routine PCR strategy}
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R K S LS4 103

2.2 DGGE Rk & R

B HER RGBT MY EHRPCRY M Wi ITDGGES I hik, BKER
wE12, NEPTTUEY, @dDGGESHT, HBRATETIENELY. HHEEZT,
Nest-PCR DGGE %W LLEEMNT, FHHBEL. MHEMPCRIYHDGGE £ g
B, £FHEHLED.

Bl 12 ARy WA ERER TR 165:DNA £H V3 XA DGGE Hi%
(1: Nest-PCR Jri%; 2: H#MPCR Hi)
Fig.12 DGGE fingerprint of 16Sr DNA(V3) gene from different PCR strategy

(1: Nest-PCR strategy; 2: routine PCR strategy)

3. Wig

AT %&# PCR =5 Rt R 2 DR AR X 5 I 3 T %% 7 . Thompson %(2002)
M E4h PCR B T7 B IR XU AL B TP . %05 B R A TE 20 MEFFIGY
s, FRHT 10 FHBEAKEE, EFNRNEPERET 3 MEFET .,
H T3 BER AR, TUESIDESSRKE X, BEFETEN> L.
Zhang % (2005) A TBFACE ., 53+ PCR RIPTAGRRIBREL s bk 204k 3 FH 2 R 419% DNA
BTRITTE, WAIA Tmol/L JR 3 i481E P 4% KR B ik (d-PAGE) H] LR 7 R 5 85
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Hirtxt4E4) DNA B0 R R E YRR SRR

SV 4k DNA 2F, PR DNA 47 547 DGGE 7, B8 T RAFHIZER .
Bk, A THEFFEHRKSEZCRMER, TTLUETE PCR BrBOR A [ 5K 12
BN R SR, AT E ST EIEE & .

5% PCR 4L, Nest-PCR Fi3k78#1 DGGE Fi bk Bl il 47 SEVE M, W 2 HHAI &
YELFEL. HERTRESIEFHAYN S BILEFE, MRARBHRER. HE
PCR RASLTRBMAEDRIER, BIHKBK DGGE BEHE RN, WHHEHTH
BHARE REE%, 2006; 2%, 2007). #K, Nest-PCR HidF4LH 18, KT H
EMAMEBEZ AMNER, FEEPHRAPFREYR, HATLAMNEFHEEES. N
AL RE, R 40 T M ) £ A3 1T DGGE ik B 4147, 4% Nest-PCR
PR A,

FMF5 B LIRFE MR E S H 1M DGGE Bk

1. M5

1.1 LR AR

RS

#hifF 98 %, W A1 E Dr. Ehrenstorfer A 7).

L3 n: B

FAZEE— 1.1.1 35
1.2 LR
1.2.1 T3 5 B Kb 78 K SR et [)

FREX 100g it H18, ARSHKERMGIHAR, #ITRMET, KT LE
S, BT 2SCHEBEFRATELER. A0 BEKE R E i FIN BARE),
0.1, 1.0, 10mg/kg DU, BMEEE 3 ANER. BMNARSEPEHREERR
FEBKFKEEN 50%~60%AH. THEFRIE 7. 14, 21, 28d 4 HEES .

1.2.2 13 & DNA I

FAES 1 1.1.5.1 5.
1.2.3 ¥H4% DNA R4tk

FAZE 19 1.1.7 35



R RS 248

1.24 PCR ¥ 18

XK Fl Nest-PCR, BRARIEXES 3 ¥ 1.4 H4
1.2.5 DGGE H.3k

FIARSE 2% 142 HA.

2. &R 55

2.1 AR R PCR P YyH SR Fa b g ik By i

BN ARLERER LR R V3 KA B4R, Wl 13 fin. ARREGRTLUEH,
A FIE BRI IR 2] T BT Y 1, BRBIR~WE 2100p £4, NREKFHIBHER
K&, ¥ PCR PHIRNEA B, STPMERELAT, SR TEERERK
HIKHHAT S

100bp

B 13 AELRLE v R HNE
(M: DL2000 Marker; A {43% UG ERA; B 43R 0.1mg/kg BifHE24; C A% 1.0mg/kg BT
R, D AR 100 mekg BFHALES. THT. 14, 21, 28)CEKTABHRS
Fig.13 PCR amplified V3 gene of different soil samples
(M: DL2000 Marker; A represented treated with control: B represented treated with 0.1mg/kg
endosulfan; C represented treated with 1.0 mg/kg endosulfan; D represented treated with 10.0
mg/kg endosulfan. The subscripts (7, 14, 21, 28 ) represented the day treated by endosulfan.)

22 WA 7d LR EHE L H K DGGE 37

B 14 5B 7d 6 3R 16Sr DNA V3 AJ X B Y DGGE 840 Bl .
FHHOBEBNZERE, DGGE £ HWMNEHHEY. NBMEBERERE, S MEERN
KR EARREN B, RATNZEANERSWHLEELEE. RIEA&HTHE
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FFE AR DNA St fE RN E W IE £ I NY W

KALES, BIHGRAHT, LHPHSHRRBRLRZE T, nEFH 1S
A 2 SAMETRERMAERE, WERIARNEN, FHER, BEHX.

it Quantity One #3471 ¥ {43t DGGE 5 Mkt 7 L WfE B ¥ AT, LRl AFRNKE
BT 2 BRI RAARXR(E 15), BPEKERFHFIARNBERRARTT
& HRMEYZ ME R XRTIE REMERY, FERLRRT K, HHEH
ZRERNB A, BEREERL. HELESRRETRCERE, B % FRENZ
(] AR TR BOX B 70% L B (3% 13), RUAERBE 74, BT LR EDZRBD,
HAFERAHE, ERSHEEEL—E

14 RREEEHFHER 7 55 181 V3 X DGGE Bt
(1, 23kif: WRAALERAL 3, 4 3kil: 0.1mg/ke SXFHLERA; 5, 6 #iH: 1.0mgkg HifHibE
#H:7, 8¥iH: 10.0 mg/kg BiftiLEEAL. )
Fig.14 DGGE fingerprint of amplified V3 fragaments from soil applied with endosulfan in
different concentrations of 7d
{ 1,2:conrtol; 3,4: treated with 0.Img/kg endosulfan; 5,6: treated with 1.0 mg/kg endosulfan; 7,8:
treated with 10.0 mg/kg endosuifan)



WARRM KH G L2008

492

597

2.29

12.51

707

418

10.28

233

7.44

#7

7.18

858 .
Bl 15 ARIRERFHAEEE 7d J5 T3R8 DNA 3800 V3 KT BB HEHRAENMF
#1, #23KiE: XRACEIML #3, #4 JKE: O.1mgkg HMiFHLEAH 5, #6 ¥kil: 1.0myke Hi
FHEBEAL; 7, 8 ¥kil: 10.0 mg/kg WRFHALEA. )
Fig.14 DGGE fingerprint of amplified V3 fragaments from soil applied with endosulfan in

different concentrations of 7d
(#1,#2:conrtol; #3,#4: treated with 0.1mg/kg endosulfan; #5,#6: treated with 1.0 mg/kg
endosulfan; #7,#8: treated with 10.0 mg/kg endosulfan)

R 13 KRBT B 3R 7d JEHAEYIX TR Jaccard FREARILUIE(%)

Tablel3 The similarity of jaccard index of bacterial communities in soil treated with different

concentration endosulfan for 7d

Lane 1 2 3 4 5 6 7 8
1 100.0 82.7 76.3 77.3 70.0 71.3 72.1 70.9
2 82.7 100.0 80.4 81.0 76.7 71.8 70.8 74.0
3 76.3 80.4 100.0 90.0 86.2 75.8 73.5 69.3
4 713 81.0 90.0 100.0 85.8 73.9 72.6 71.9
5 70.0 76.7 86.2 85.8 100.0 82.2 76.3 73.2
6 71.3 71.8 75.8 73.9 822 100.0 70.5 69.7
7 72.1 70.8 73.5 72.6 76.3 70.5 100.0 84.0
8 70.9 74.0 69.3 71.9 73.2 69.7 84.0 100.0
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HiF Y DNA Hi0if LIRIEY RS SN R

2.3 BFHEHE 140 DIRARHE L H MR DGGE 7

513k 7d efAREL, HHERESE 144 )5 DGGE mikEiE (B 16) KL T Ek,
B oM IR RPR BN, RELHENLERATLUEL, BINSRENHT, tHT
B BB EKZR T 6, WAPK 1 B4&HN 2 SEHHRRMARFE, b
ERFIRBEAEM, &EHK, MThHFEAHELEGTRIEE, WET 3 S£W,
HEFRFH N, £/ 179, 0.1mgkg M 1.0mg/kg 48 HHEFRE—F, SHELEL
B EEUL, & 14 9 Jaccard MEFREBERN, HiSHEEEBAMEKEZ R FAH LTS

i, WSNRAEEERTRK,

25&W — g

B 16 TERETFHEE 144 |5 %D #189 v3 X DGGE i
(1, 23il: RRAEEA; 3, 438: 0.Imgkg FHLEL: 5, 6 4kili: 1.0mprke BEFHbE
41;7, 8iKifl: 10.0 mg/kg WA EM. )
Fig.16 DGGE fingerprint of amplified V3 fragaments from soil applied with endesulfan in
different concentrations of 14d
( 1,2:conrtol; 3,4 treated with 0.1mg/kg endosulfan; 5,6: treated with 1.0 mg/kg endosulfan; 7,8:
treated with 10.0 mg/kg endosulfan)



UiZRAM K28 13240 i

2.50

4,82

2.00

9.00

536

1365 2

3.09

1951

4.81

*#7

17 AFIREERFHAE 2R 14d J& T3R5 DNA 5381 V3 R FBE MR ENMF
(#1, #2 Ykil: WRRALEAL #3, #4 1Kil: 0.1mg/kg MFHAEEBAL# 5, #6 ¥kil: 1.0mg/kg B
FHabE4L; 7, 8 kil 10.0 mg/ke FiFHLCEA. )
Fig.17 DGGE fingerprint of amplified V3 fragaments from soil applied with endosulfan in
different concentrations of 14d
(#1,#2:conrtol; #3 #4: treated with 0.1mg/kg endosulfan; #5,#6: treated with 1.0 mg/kg
endosulfan; #7,#8: treated with 10.0 mg/kg endosulfan)

R 14 TEIGFHEE +3% 14d FHEYIX FH Jaccard SEHARLE(%)

Table14 The similarity of jaccard index of bacterial communities in soil treated with different

concentration endosulfan for 14d

Lane 1 2 3 4 5 6 7 8
1 100.0 89.0 78.7 74.2 65.4 67.9 63.7 67.9
2 89.0 100.0 68.4 68.2 72.8 74.3 50.4 513
3 78.7 68.4 100.0 92.7 80.8 82.5 70.5 73.7
4 74.2 68.2 92.7 100.0 80.0 82.1 67.3 70.2
5 65.4 72.8 80.8 80.0 100.0 91.2 60.9 60.4
6 67.9 74.3 825 82.1 91.2 100.0 59.6 59.2
7 63.7 50.4 70.5 67.3 60.9 59.6 100.0 92.1
8 67.9 513 73.7 70.2 60.4 59.2 92.1 100.0
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@irhx£%) DNA $ifi 0 HREE MRS SR 1E0W

2.4 HiFH4bEE 210 TIRAER% L N DGGE 27

ME 18 ATLLE tH, B 21d B, 4 46 DGGE kB 5155 14d b, 4
SRETN, B 194, 1.0mgke M 10.0mgke AIBHHRAE ., SRR+
FEEBLT. K 15 9 Jaccard LR MILRY, FFHERAEHE /R EZ B BB IES
BBEIE, MENBOEEERURK. NRPATLLEZXBAR 3 M FHAE R
M EFEKR, FAMERSHRERTR, SKEEMEK Jaccard & EUBMEARN
R

’f‘:“hhiﬁwu

1 B4 gi’

2 54w

1 2 3 456 78

B 18 Al-RBERFHALE 21d T IR 186 V3 X DGGE Bi%
(1, 23kilf: MMM, 3, 45kiH: 0.Imgke FFAAES; S5, 61kil: 1.0mgkg FHHtE
47, 8¥kilf: 10.0 mg/ke FrHabREA, )
Fig.18 DGGE fingerprint of amplified V3 fragaments from soil applied with endosulfan in
different concentrations of 21d
( 1,2:conrtol; 3,4: treated with 0.1mg/kg endosulfan; 5,6: treated with 1.0 mg/kg endosulfan; 7,8:
treated with 10.0 mg/kg endosulfan)



R K 2467 18 3

483

.87

130

1.26

2518

*4
8,42 23
771 25
2.80 25
10186 7
1263 poy

7.04

7.81

#

#2

B 19 RN AEMFH LR 21d J5 1305 DNA 1880 V3 KB BB MR KT

(#1, #23KiH: FHBALIUA; #3, #4 HKiE: 0.1mg/kg BipHbBEL:# 5, #6 ¥kil: 1.0mg/kg Bi
FHEER4L; 7, 8 ¥kil: 10.0 mg/kg BirHbELA, )

Fig.19 DGGE fingerprint of amplified V3 fragaments from soil applied with endosulfan in
different concentrations of 21d
(#1,#2:conrtol; #3,#4: treated with 0.1mg/kg endosulfan; #5,#6: treated with 1.0 mg/kg

endosulfan; #7,#8: treated with 10.0 mg/kg endosulfan)

concentration endosulfan for 21d

F 15 RFEBFHALE 3K 21d BHAEYIR R Jaccard $EEHLIE(%)

Table15 The similarity of jaccard index of bacterial communities in soil treated with different

Lane 1 2 3 4 5 6 7 8
1 100.0 85.3 58.5 54.5 534 54.6 54.0 52.5
2 85.3 100.0 59.7 57.1 52.8 57.8 50.1 46.7
3 585 59.7 100.0 89.7 75.8 78.2 67.8 70.6
4 54.5 571 89.7 100.0 79.9 84.4 73.2 71.7
5 534 52.8 75.8 79.9 100.0 82.7 72.9 74.0
6 54.6 57.8 78.2 84.4 82.7 100.0 78.7 66.4
7 54.0 50.1 67.8 73.2 72.9 78.7 100.0 77.2
8 52.5 46.7 70.6 7.7 74.0 66.4 77.2 100.0
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Firtat 4 DNA G100 LR E SRR L R R

2.5 WM 284 LR EHE S H 4N DGGE 447

B 20 =8, BEEALMETRIMH— DK, BIZE 28d B, WSIM LRBEHERND
PR R, BFRASNHERTAE L, SKERTLE Qomgke) LM
ARBHENELTRAIEENTL, THEPHSAFHROLRZAT 6, £i&&
WET, —B4H%H, TETLAHEREANTEIESR, AT 455%F, HEF
£ HI, HEERE. MEAPRERELTIREE, HREHE—2HK. 1.0mgkg
. 10.0mg/kg THEESRIAMBE (B 21). ARTUEH, RIKELER Jaccard 14
LS FEX A AR, DEEMR, HLIRED Y 46%. WE 16 ATLLUEH, BEEGHS
WREKF#, BFEEMER Jaccard TREARMMEARNFK, BRIHSRKE S BHKIEAE
2 RIfFAE R H R FIB- RN X R

Ll L L L R T

B 20 AS[RIEHH 4 28d fE T8 V3 X DGGE Bt
(1, 2%kilf: RMSEREE; 3, 43Kl 0.1mg/kg GEFHALEIAL S, 6 3kiH: 1.0mg/kg BRFTALEL
;7. 8 ikil: 10.0 mgkg FiPHERA. )
Fig.20 DGGE fingerprint of amplified V3 fragaments from soil applied with endosulfan in
different concentrations of 28d
{ 1,2:conrtol; 3,4: treated with 0.1mg/kg endosulfan; 5,6: treated with 1.0 mg/kg
endosulfan; 7,8: treated with 10.0 mg/kg endosulfan)



WIRAOL K2 i85

274

14.91

507

21.82

#2
B 21 AEREEGH A 28d J5 135 DNA 51801 V3 KK BEFHEREMT

#5

__238 0
363 -7
6901 P
3.73 3
1os #4
336 #

1228

(#1, #2 Pkl XMALHRAL #3, #4 3K08: 0.1mg/keg BFHALERA# 5, #6 Ykili: 1.0mg/kg Wi

FHab8E41;7, 8 ¥kid: 10.0 mg/kg BB, )

Fig.21 DGGE fingerprint of amplified V3 fragaments from soil applied with endosuifan in

endosulfan; #7,#8: treated with 10.0 mg/kg endosulfan)

& 16 AFIGRSHIEE -3 28d JEMAEYX R Jaccard TEARIE(%)

Table16 The similarity of jaccard index of bacterial communities in soil treated with different

concentration endosulfan for 28d

different concentrations of 28d
(#1,#2:conrtol; #3,#4: treated with 0.1mg/kg endosulfan; #5,#6: treated with 1.0 mg/kg

Lane 1 2 3 4 5 6 7 8
1 100.0 84.4 64.2 66.6 57.9 57.8 46.8 46.2
2 84.4 100.0 55.3 534 48.7 49.1 40.1 39.3
3 64.2 553 100.0 89.2 76.3 78.0 61.9 58.0
4 66.6 53.4 89.2 100.0 70.5 71.9 56.6 59.6
5 57.9 48.7 76.3 70.5 100.0 94.4 76.7 71.2
6 57.8 49.1 78.0 71.9 94.4 100.0 75.5 70.1
7 46.8 40.1 61.9 56.6 76.7 75.5 100.0 90.5
8 46.2 39.3 58.0 59.6 71.2 70.1 90.5 100.0

69



BirExt4EY) DNA SR HERAEWRER S

3. iig

DGGE 4> T4 it AR, BEFIFH DNA XA Yrs  tE AT RAE, T LURIE,
HRL E BEREFSIA TEEFWHEDME, HETERYEYRESREREMR
B, MR s AN, EERR M. REKAERFN ST, 2T DGGE HAR@ 4
T BRI R LR E, BlEgES EERARESH, BilCEm
AEMREE B S HEABIAME T HEE T A . Said %(1999)iid 4+ #7 DGGE %
HERE, BIRTKEBMEH 3 HRIRERER (REERE., FIABMEERE) KL#EHLEY
LREME . &R RIBRERG RN L BRNREERLREANN R RESHEEE
AR, B R RER LMY SR B, iRF5 (2004) KA DGGE
BOARBIIT T A 5 KRG 0 L e A P B S AR PE S, R T B i AR - S
TEMAE RN EEEAAHE, DGGE Bt LAWREHEER, LRUMAYEHF
HREHE TR, BIFTR IR SRR &3 Y B 7E 45 W R K . Macur 5
(2007) F//H DGGE £ AW T BE ) 2,4-D Xt Flia) L BEIE A VB S HMEREW, &
RRUIBEE T 2,4-D KERIEM, HRFEVRELATHAENER, 247 24D
WREIEF) 500mg/kg B, TIREAEVRBFEZHEELIT BEHIRD.

4% % PCR-DGGE A, ZH Quantity One 418k, HILHW THIIN 1%
WEFP B W . %5 R %W, PCR-DGGE RSB ARERR L EHUED - TESE
FHEAEBREFRERBEAT Y. Bl AREFEN B ARRERTER T LERHE
#) DNA #47 DGGE #H £ M 4 Fieg B a0, RMBEEEZFHRBEAR, #4H
2RI TR EY R SRS T —ENER. ERIHERT, Lh—BREFH
RIAEKZ RS, BTSRRI R EEE K, HHEXEHFHTRER, EEHX.
TR —EHEMBNAHESE, HAFHLHT. EBMARLED, EERTIRER
T, FHGBE &R Jaccard TEEABIEAN K, BiFHTRIKES R IKEMDIHEL
BIFFER A BHF RN KRR AR, E—ERERERANEHEEA, 515
TIRAEF SR ERAERR-BN KR, RAGN LRHUEYHEEWEE
B R .

B2, ReEFATETEEDEHEDNE DNA, BT84 T ERFIETH
FREMEEER, T EEDRETRDHEN T HE RIS FHERT
WRGEEAE T BAEDEE ST, R ESEFSREERGTHER, NT
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WIHRARA A 2R3

SHEEGRAGHANESHRUAFTEER L. A, FHEmsIH, #—2FE
T EREORGASRE AR, h il H R 2ROl T i TS A B R T 40
Fefitl o
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Bif %44 DNA $0i R0 TR AEVIRE TR S AEE I

FRE £XHiL

WS R—FNAERNENERRF, BTSSR EDE TR ERRER
PAR. FEBUFMREANEERE. HTREEHEFIA POPs &%, BRI
SEAEFEE. STHEMEY. 2. EVEEAREPHERNE, FHREIEXR
RAFEWEEAR, MTHAMED, A=ME. EERNLEMAEYREEEN. §
NP EEAS T WF 4

1. RASEELRTE, HRTARAKENRIINEIRRARFLSR. REK
WA, WAL, REREYH, KRMGCEE, ZEIRRMMA Lo RIEHIZH
R, BRRAFERERERT)T MK BRI BB RS (Bl N3 0. B 20 RIGE S AR AR
HERPEEHESNNR, POCHETESHZEZEMR, FEAFHENMNE-BNX
Z. BAEANEIRRAERNELLR. JOKRE, MZAFHENFEEER.

2. i EERK I E T 6T S 44 e 4 R B =M E i 40 DNA f R difE
R R TR, FEBANRER, AR b B b5 44 [ 40 40 B = B0 4
ffi DNA ¥B#45, T EREEKE KA m e, X1 DNA R 56T
PRIV BRI ALER A ()3 AN K R e R IR ST 5| A0 3 =M B R T 2 R B4

3. AR ERARAE A A= EENZREDHE, #TERINEERR
BARE ., BB AI, FxELOEML, SERALEEa=EN A REE
Wit 2 RN DNA $ith, RERAENREE. dkR\A=rEH RN A THE
WE B, PFRAREEE LMY DNA K545,

4. BE=FARFABHE, RN EHAY & DNA, SHEBCR BT BRI,
BRKERFNELS SN EREBREEAE,. BF-ENEEA DNA, BHMTER
HHEMRAMPR, HARBHRFYLALETER TR TAEDZELR,

5. KA HAE V3 X KEASIY(338F. 518R), i By 8 R MK R+ i Mg™.
dNTP. BIWH%4E, 3R A Nest-PCR Fik, LT &F “GC” #5191 PCR ¥
Fik, B8 T BT MY, FERE T Q0T MR R, RN bR
DA$E®, 1678 DGGE ik B & W HENW, oA THRENRES.

6. XA DGGE 4 FIREBAR, BIFEGHH BHFAR, NHHTREG TR 5%
WAEMF B LR SRV VET TV 5. 12/ Quantity One 43 Hrik i, & xt AR
IFiE] . AR ER 5 4 F 8144 ¥ DNA #4T DGGE # R £ #4145 FIRgUE LS
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UZRRA A A4

b1, KBBEHEFEIFFN AR, BB KD RUENBESHERRT —EHER.
FERJHERT, HR— SR MR A KR I0E], BEETE )T A R ] 48 R A
K, HHXAHHAZR, EE2HR MA - LHEHENBIEE, HEFOEIEA.
ERNMARS RS, BEGRSHRERT A, SKERWRE Jaccard 18HUH LA %
K, BABRRESEKERUEZ AFERAHBHFIR-ANX R KA L
EAEMREGEE YRR,
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HiF % Y DNA ST R LIRS SR AER

BAE KR

B 1. EXHAR B2 Rakis

B3 EEREE B 4. REKH

B 5. PEikIf 6 M

B 7: WMEAEEGEARSERR E3: 4EA DNA HHHnBAEARERBRK

o MEAA=HEAREERAE B 10: 4EH DNA FHHA=HERREEEREK
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WIRARNY N2

[y

10.

11.

12.

13.
14.

15.
16.

5 30K

by, KE, EFE, DEH. REEEBENEE SN ETRRMBERGHT
B, AR AR, 2008, 20 (2): 123-126

HiE, KE, KRFF. BERER. bx: EFEFREHRE, 2000

BRotk, &, Z0. FARERRIRLANRARBEZN R0 £ P ITEERE
R, 1983, (4): 101-108

BER, MK ESRXNETHHMIE S EERERISRIRRUEBRIE
it EYIER, 1995, 37 (1): 14-24

P, BB, K¥EL, Twe, BF. TGGE AT LR K AL R A iS5 TE
WEFMR B ABUKBHME. EA%IR, 2003, 23 (10): 1963-1969

WHE, FEM, HIFE, #Hrt K. Cu. Cr(IV)R A5 Ll Sk Ek
BMHIFFFL. RAFABERIZZEHR, 2005, 24: 31-34

B B EAEE SHRERN. R ES TR AR, 1998

BN, N, Z)1E, AR 3 FE ARG B IARRA M S e r T
TWRZEEMR, 2007, 1: 112-117

ZER, MEM, KIEL. KFENE 16SIDNA FREIMEHBHKE £ R R Bk 454
i KLY, 2001, 252): 111-114

RYK, ARE. FHBE CEMRAFE—5EE75 {AnE MEERNHR. N
FAR%ER, 2003, 14: 593-596

WEZE, KBA, KKE. CAt/hEMH T DNAKEHIE R LRI, g 22IR,
2005, 25(3): 329-333

X, KEE, EE, BE, K, THFE, THE, &E FIRAGBOLEEMMZ
EME =AM RZ%T DNA SGHIFER, RIAERSF%M, 2006, 25 (2): 531-534
XAIRE. T ERRYIZEAR B RGZROTR. ERFER¥, 1994, 16 (2): 7-8
FUK, BRER%E, EEE, KA. REEHTTRYFRFAEE VG RIS AT RS
THR TR IGEZER, 2005, 27: 167-173

B, HBRNMAESHE. b FERWAHEH R, 2000, 147-195
D, FIBHE, B¥Yl. 7 PCR-DGGE AR T WA B HMEF N GC KR4
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Birh3t£4 DNA S0 H3EREYRETE S PR

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

IR A A2 ], 2003, 23 (10): 2170-2175

HMA, BER, XTR, Xk, FEETF. RAMENEEIHREI 4 S5ED
faE. HREEHEA, 2008, 21 (6) : 68-72

HKR, KiEL. N SCGE AR AA M DNA RGHRE 5% FEKESS
FHEYIHFR, 1998, 14 (5): 604-609

TR A EHE LR LR BEHE HARA, 2003.

Bk, ERRAN R IRRA BB IR, 8%, 2004, 26 (3): 337-342
B, FRE, KIH, KEH, THF, BT, E&E BLEaxEeEn=
LT REEEMA. Bk, 2001, 23 (3): 243-246

RHERE. FHFFABIE R LR LSRR, P ERERA ST
BHFHL, 2005

REH, ARE, WHE. HRESREEENEENSEFERNHR. NALE
2, 2002, 13: 187-190

Tk AXEEEP ARSI RS R B EE DA, 2000, 27 (2):
110-113

FAL, W, BHER, Bk, ARG BRI REREENA. EAE
FinRAEYME SRR ¥ 50, 2001, 22: 5-7

EFRE, AR BERRAMBERUBARKGREREREEHFR LR S E
HIERIE, 1987, 7 (5): 44-50

R#. DGGE RO BE T KM B E R KETAEHE SRR L. LER
WA, 2007

Tk, {Er3 S A DGGE BFFHA YR i i 5 I ia) B 43 Hr S 4 9 %:4R. 2006,
46(2):331-335

BFR, BNE, SIRE B3 PCp 41 E MW K E S AT IR+ E il
RMLEEE, 2004, 12 (1): 59

MR, BERSRR ER R R R A Y A T R L MR T K%, 2004

KEF, ZEH, AFE . WFERAILEI WS SEN. RSAEEFE, 1986, (2):
14-18

B, REGPEITRBT R EMHER. 1) KFE%R, 2000, 37: 62-66
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WRARI K2R3

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

REL, TELZ, PUE, X%, BEF. AR ESEMAEE. FEREHE,
1996, 4 (1) : 41-49

Rk, H—F, KB, EM, HEF BT RERRAERRNERNEL
B FEARESHRERE, 2002, 16 (5): 391-395

Aina Roberta, Palin Lucio, Citterio Sandra. Molecular evidence for benzo[a]pyrene and
naphthalene genotoxicity in Trifolium repens L. Chemosphere, 2006, 65: 666-673

Alberti A,Tizzoni M,Zani C.Genotoxicity of surface water treated with different
disinfectants using in situ plant tests.Ann 1g,2003,15(6):953-957

Ali D, Nagpure NS, Kumar S, Kumar R, Kushwaha B. Genotoxicity assessment of acute
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