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2 Bl & SEFYRIEALA T TR G HE 220 730070

3 HRgl Rezah2#Be  Hlr 22 730070

# E. [F%] AW FRILA B (plant growth-promoting rhizobacteria, PGPR)/EAR IR &9 % 74 & H &
FAER a9 Hhmk, AA A RIFHARAE 7 F 2R PGPR ARG RAL S A EZ L L. [ B
] B — M LHEZLZRBBEE —IAALZRA LA QHZII ) E i K LE F PCR ik 4 m4k
%, AN RE QHZI ALAERIFNH ST, [F %] 4245 GenBank 55 69 £ 5F AT H &
ERE M gyrB B F 5 £ 56 k4 T, RACR R &0, @it 2 RaRIe AT B4 FAR RS L
ATk, 2RISR 3 AL, Tl dR(LHA K, CK); T2: QHZII & &#&iE £(QHZI11); T3:
o 48 B A AL T AT K B4R B s A A AUIR(BOF11). (45 %] ik 323 E QHZIL 4
+ A 5|44 gyrB-FlgyrB-R; #6934 QHZI1 S0 % k2% PCR AN kB F i, RHES
HFH MBS, SEAAXAES 09998, ML ANEFZBE 1%AR, FIEHEH 0.9, T
# 1x10°-1x10" copies/g-soil #9454, LA B RIRAY A E S L, 2RXBLERLIA,
T3 A LA ZRFRIE QHZI W FREAE 10 REP S T2 AE—NKEFR, F#TLELE
B (BTG 60 R)AF|MEAL, W R ERL B o T A ERF LR T A f . (4
w1 5T %K E S PCR BB MIAZE R AL, 52k, T ARG £ D4 EARTTBRALH T VA
A5 J7 B H 6 BAE 7 BRI 2 ik

KR B4E, A2 H, FE QHZIL, EiK AL E PCR, ATl
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Rapid detection and application of antagonistic bacterium QHZ11
against Rhizoctonia solani in potato by real-time fluorescence
quantitative PCR
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Gansu 730070, China

3 College of Veterinary Medicine, Gansu Agricultural University, Lanzhou, Gansu 730070, China

Abstract: [Background] The colonization of plant growth-promoting rhizobacteria (PGPR) in rhizosphere
is the basis of its function. Direct and effective tracking techniques and quantitative methods are important
tools to study the distribution of PGPR in rhizosphere. [Objective] To establish a real-time fluorescence
quantitative PCR system for rapid detection of antagonistic bacteria QHZI11 against the pathogen,
Rhizoctonia solani and to detect the dynamic changes of antagonistic bacterium QHZI11 in potato
rhizosphere. [Methods] The specific primers were screened according to the genetic sequence difference
between the Paenibacillus and proximal strain gyrB in GenBank. The reaction conditions of fluorescence
quantitative PCR were optimized. A soil pot experiment of potato was arranged to detect the number of
antagonistic bacteria QHZI11 in potato rhizosphere, with three treatments: T1: CK (sterile water was
irrigated); T2: QHZ11 bacterial suspension was irrigated (QHZ11); T3: the biological organic fertilizer,
secondary solid fermented with antagonistic bacteria QHZ11 was applied (BOF11). [Results] A pair of
special primers gyrB-F/gyrB-R for antagonistic QHZ11 were screened. The established of antagonistic
bacteria QHZ11 real-time fluorescence quantitative PCR method could detect the antagonistic bacteria of
1x10°-1x10" copies/g-soil, with such advantages as very good specificity, high sensitivity and better
reproducibility, and the linear correlation coefficient was 0.999 8, the coefficient of variation within the
detection group was less than 1%, the amplification efficiency was 0.9, characterized by a lower detection
limit and higher amplification efficiency. The results of pot experiment showed that the number of
antagonistic bacteria QHZ11 in potato rhizosphere of T3 was one order of magnitude higher than that of
T2 treatment from the 10th day after inoculation, and reached the peak at the 60th day after inoculation,
indicating that the survival rate and reproduction rate of antagonistic bacteria in rhizosphere soil were
increased by secondary solid fermentation. [Conclusion] The established real-time fluorescence
quantitative PCR system is sensitive and efficient, which provides a convenient and effective method for
understanding the distribution of antagonistic bacteria in potato rhizosphere and the interaction between
antagonistic bacteria and pathogens.

Keywords: Potato, Rhizoctonia solani, Antagonistic bacterium QHZ11, Real-time fluorescence quantitative
PCR, Dynamic changes

LA (Solanum  tuberosum)se— -4 i Bl FE
Yy, W30 T, SR, AR
FORAINEE 2 5 S R S R B TR E
B T MR RO ) S, S A R TR R R
4 VLT R SRR Ml 254 18 2 v ok R 5 B
SRR BRI, H 2SR AL

X — 7l B AT s R DY R ST A 2 BT
(Rhizoctonia solani) {7 4% 5| 2 i B 45 5 M58
(potato black scurf), X Eh 4% 5 iy 25 )™ f FAM LA
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PN DR S TR S I R R B i) o 30.73 Al
13.3300 R4 s WG T AR Sy B ] 1 T A% S
LR 4 i K I Th A 2 e X 112 T g
SN E R E s 75% LA b, 5 E H e kR
HAE 10%-20%, FEAE 7 AR IR R i H F ik
] 96.71% 11,

FI i 5% B R 1 B 16 5 12 R R Ak
Biiif A BiR B AR BG S 0T ik o AR AL B
e R B AR B ik, (Ha R
I Y T R AR AN AR Y X R 2R, [
I £ 1 A 24 B R ER B 5 U8 Al B IR Oy
TRACRAT IR, T AR LA PR PR Al A TR (plant
growth-promoting rhizobacteria, PGPR)AEHAG Hl
HE, DHEREEACE | 20RO AR
AR, K PGPR SAPLIERE T
TR R i I P AE 0 A BILIE i A 338, A BIL 2RI
FIAEPIAR 2R 30 ) ] LARS Bk A 4R PGPR 4=
KEGE  RERE, KR A FHE P A0 F R
PP CH R0 AL PGPR Bk 094 B HLIEAE
B ia /N AR ISR F AR Y BT 2
gt 2T AL 1 ARAS T B E AR, B B
AL E AR E AT

PGPR TEAEWIAR B A7 5805 B 2 R 4% HAE
AR LA, T FEOOLAT 2508 BB B AR A 7 R F ST
PGPR 7EARBR IG5 A MU (1) T 2 T L2520 4
R {2 A T (PGPR) A4 A6 I 38 6 A3 A B~ Al H 0%
TESFHEMES A B ARS8 BUPERRIC o> FIESE,
XLy TAERAOR, FE K HACEAN G, YA
A TPAN o A2 38 DN Eh 4% AR PR H — RS 5
o LA 22 R T B AT B E A B ROR S P
QHZ11, MHHIEF] 66.7%, XF 7 i L ATEHAL
REE | FHPURE I BGR, MEMEIIEIE Y, Refdit
R B AR, IREHERREIIEM A K4
F, 5 EA RN R A A, Ha—
1t KA DR A B4 E 100 SR, X T AR Sy
Wi 22 A% R PUR QHZIT (% 5 e By kR A

TR GER AT o3 B S SR, AR Pt
981 2.5 2 PR IR -5 45, Mk LAV s D AR F
RRE T rsh B2 .

AR, BEE T AP AR, SERE
£ PCR (real-time fluorescence quantitative PCR)
FOR B T IR L STl R PR AR
W m . AR . W]l SRR R SR A
BT RN Z N, bR v S A -
AR AL 7O, R R K bR 22 R
S A A B R RE AN FERERLAER P
PRI, S ok i PCR W] Ll
FIAWTEE SR, vellk 7@ PCR HAEEMARE
S R I T — Oy R A A T TS A
LZAZTEBSTUR QHZ 1T fE SRl i R WARIE .
I, AWFFER IS PO E i PCR BR, 4
B E A2 RS TUA QHZ1T RSSO0 E
It PCR AN T35 , JFX 40 % AR B 3 rp i 4t
PR FEA TR I A E B, DARBASS B QHZ11
TE SR FHAMRPR LR R sh s, s st
QHZ11 7E E B EARBR Y I 23 A1 LA e 5590 I
A AR SR E A R Ty it

1 MRS
1.1 ##
111 iR

HHER AT R XA R S R ER I
AL RIS X BRAL R (ANt ) - 48, SEARRAL TR R
Jo. BHUTE R 32.94 g/kg, A 1.73 g/kg, AR
Ao 161 mg/kg, HALHE 140.23 mg/kg, HALHR
122 mg/kg, pH 8.1,
1.1.2  #ithEs

AHUIERL: VTN A YR A BR A w42
it WA PUIERL: ATRBH LIPS R 8k, fn
ATIRER QHZ11 #E47T Uk [ & e il i A= 15 #L
JE(BOF11), AAHLE 46.1%, &%A 1.96%, P,Os
3.09%, K0 1.52%, PIHER ARk 7.95x10° CFU/g.
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1.1.3 ik EK

K ZEHUHFT I (Paenibacillus jamilae) QHZ11 .
QHZ11-gfp (&t ue 1 pHAPIL Bk L % A
QHZ11), ZE 48 % 9 #F & (Bacillus atrophaeus)
QHZ-2. QHZ-3. QHZ-5, % g 2F AT & (Bacillus
axarquiensis) strain QHZ-4, PJHHASLI ELRAF
KIpRAH . WK ZEAAT 3 (Bacillus cereus) . i
ZEHUFT IR (Bacillus subtilis) LIXA3 tH 4l K
SR BE U E Y2 E S = AR
114 REXLREER

KA RS . BRI HHEAE 1x10° Pa
TKE 2 %, BHK 30 min, BT R4 A RET
JE e

QHZ11 AWM G+ ¥ QHZI1 30 °C.
170 t/min K52 R FI LA 2% EE R 3] LB
WARE;FR L, 30 °C. 170 r/min 535 48 h J5, 4 °C.,
8 000 r/min Z5.0> 10 min WA, ] PBS Hii#
A, PhEER A 10° CFU/MmL,

1.1.5 ik

PR A ARV, N e A
Ar B 2= B S AL
1.1.6 FZERXFIFMEE

Bkl DNA /NMEit#]£& . Chamq™ Universal
SYBR® gPCR Master Mix . DL5000 Plus DNA
Marker, pMD18-T #ilk, FgtifiMEBeA YRk
A BRA ] BRI & IPTG. Amp. X-Gal,
+HEIL 4] DNA $EGH &, b e Xe Ay
ARAEBRAH,

B0HL. PCR X, BRI R S . RREN
K1Y, Eppendorf 23 ) ; ¢ € & PCR 1Y, Roche
VNI
1.2 IRt

LA BRI I 3 AMEBE. T1. CK (G
WK); T2: QHZI1 (WAL, HERIAR:+
HEJf=1:100 Byar 4579 A KR 13%); T3 : BOF11
FEAEYA VR . H R E=1.5:100 155
FEA KT L5), AHS T4 KR

FALPR I SEFR (N P K)igit, BEabBE
20 FEHEE FAESE T 6 kg FEFNET L4 H KMnO,
BRI, ME2EREA TR e TR, a e
4 Bk. 20194 8 H 15 HIEFN, 12 A 15 Hlk,
1.3 HiXtEmRE
1.3.1 iRFREIEHSR

Oy BIAE AL R AN S A5 10, 20, 30, 40,
50, 60, 70, 80, 90, 100, 110 F1 120 K RAHER
Prt-sfrei, 12k, AR 3 wEE, BEA
3Bk, BB RIZ W, KRR A 7E
ChER AR R )T B ARPR £ K R TR A
A 10 mL WEWE T, BT 4 °C ik&ar bl sLm
%=, REFT-80 °C vkffHh . $RICES EARPR 145
DNA, H 1%3 B bi5E e e Uk A I, PRAFF-20 °C,
1.3.2 HiXEREE LA DNA B9ZEL

B R MR E LB RS SR F 30 °C,
220 r/min ¥ 12 h, ] CTABPNEHLHCELH 2
DNA, H 1%3 B biE I e Uk R I, fRAFF-20 °C,
1.4 MEMBS5AHZE
1.4.1 #EIHE QHZIN B3| iFiEFn4F F 15 E

H3H GenBank H2E ZEF00AT PR A HLT TR A AR )
gvrB SR T, AEDSEE 7t PCR 511N,
FIFH Primer 5.0 #&i1 3 X gyrB FEEGERES 1Y)
(E 1), HEMEREDRHARA G G
S5t ag HAb B bk DNA 7E4 7358 PCR §4
PCR U WAKZ(50 pL): Tag DNA R4S U/ul)
25 uL, F. FUHF514(10 mmol/L)4%% 2 uL, DNA i
Hz(10 mmol/L) 2 pL, ddH,0 19 pL. PCR S 5544

#1 HEHE QHZI1 MI3|4TF ik

Table 1 Primer screening of antagonistic bacterium
QHZ11

Primers name Primers sequence (5'—3") Size (bp)
gyrB-U CGGGTAAATTGGCAGACTGT 140
gyrB-L TTACCTCTGAGCGGCAGAAT 140
gyrB-F CGAAGGCTCTCGTGACACGATTC 150
gyrB-R AATAATCCGGGTTAATGCACTC 150
gyrB1-U GCCTGTTCCAGTTCATTGGT 150
gyrB1-L CGTGACGATGGTATTGATGC 150
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94 °C 5 min; 94°C30s, 60°C30s, 72°C30s,
35 MEFR; 72 °C 5 min, PCR ¥ 7™ HH 1%350E
WHEERS UK AT 5 R S B0 E

142 RWAEE PCRENIKRBMIL

IV EE . I ERE N 0.6-08 pL
(10 mmol/L), #EATSLATHEIEE f: PCR 71, WiE%
pad A SR BT

M MR E . DNA BEAR R E N 1-3 pl
(10 mmol/L), WLEEAN [FIHe X4 HE R M 52 )

RJCRBE : RIS T, (i E R
55-60 °C, BEFE C doe/N HLE i h 26 Sk e 3R 2k
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PCR JZ W& % : Chamq™ Universal SYBR®
qPCR Master Mix 12.5 uL, [, FiiE5[47(10 mmol/L)
4% 0.6-0.8 uL, DNA £#z(10 mmol/L) 0.5-2.0 pL,
ddH,O #MEFE 25 L,

PCR J % 451495 °C 300 5595 °C 5 5, 55-60 °C
10s, 72°C20's, 40 MEH; 95°C 10s, 60 °C 60 s,
95°C 1's, MHEINET T B AEMZ .
1.4.3 tRAEfZRYE L

FHEPURE QHZ 1 FESHES W PCR Y14 7=
alifl, EH:Z pMDI18-T # ik, 1L % E. coli Top10
AU, B IBE R BHPE RV, W PCR
B UE , B HCH 4 TR 6 2 4 MER A R A R
WU o A% TR B, ARG DA SRS T 2 Sk vk 5, 27
YU QHZIT bk <R .

144 1BEEEWRE

DL 10 A5 R MR B2 1 SR AR AR 1 T2 Y R 1
PCR #"44, WKIEL N C,H 2 (] bR o i 2 Fn AR
SERB, R0 bR o R L RS R R AN A M
145 BHIEKRE

POLER PCR PR, FAbRHEZm 2. &
P WBCR(E)E, KIHE T PO E & PCR J7
B RE
1.5 #HEiE QHZ11 EERERRIIFNTT L

ARG B9 2 7 PCR 9B IK 246 4547t
QHZ11 7£ S48 EAR bR L3 b 11 sh 5284k o

1.6 HFESH
SL6 4% 2 F Excel . SPSS 25 #il Origin 2017
BAFHEA T 53T
2 HRE4H
2.1 FEME QHZI11 BS54 7% 1 & 45 F I IE
gt ZYGRE, WEIEUOEE B PCR JFEIIN %
THEY 3 XS WG 1 AT e, BE PCR 4
S ¥l gyrB-F (5'-CGAAGGCTCTCGTGACA
CGATTC-3")#l gyrB-R (5'-AATAATCCGGGTTAAT
GCACTC-3"), FIF gyrB-F/gyrB-R 51H1%}, WEY”
W TofHN 60 °C, XHIKXFE#EE DNA #47 PCR
P, ACHTSHUE QHZ11 FI QHZI11-gfp 44 i
150 bp J/NRA SRS (B 1), B0 28 5
Y EAEPUE QHZI WL 51,
2.2 WWHEE PCREMIKFR
2.2.1 BHRRKATEE PCRIRAEMZKIIEL
TR WA J v VARSI 2 BT, 7 115 1) 194 5 PR A
A B B B YRR BEARRF (K 2), I E U

2 3 4 5 6 7 8 9 N

bp M 1

E 1 Ei@ PCR &M 51445 71445 R

Figure 1 Primer specific detection by normal PCR

W : M: DL5000 DNA Marker; 1: K E QHZII;
2: AT QHZ11-gfp; 3. E4TF AT R QHZ-2; 4. %
A ZFAUFT I QHZ-3; 5: SCIBEUCFAATH QHZ-4; 6: Z4iF
AP QHZ-5; 7. KRIGRATE; 8: WORZFAFFAE; 9: Ak
ZEHIFFIA LIXA3; N: FHEXS IE(ddH,0).

Note: M: DL5000 DNA Marker; 1: Paenibacillus jamilae QHZ11,
2: Paenibacillus jamilae QHZI11-gfp; 3: Bacillus atrophaeus
QHZ-2; 4: Bacillus atrophaeus QHZ-3; 5: Bacillus axarquiensis
strain QHZ-4; 6: Bacillus atrophaeus QHZ-5; 7: Escherichia coli;
8: Bacillus cereus; 9: Bacillus subtilis LJIXA3; N: Negative
control (ddH,0).
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P 35k e) O copies y=—3.548 2x-+45.902
10* copies R*=0.999 8
5000 30r 10 copies
3 000 10 cop
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1500 -
1 000 ) 107 copies
750 20l
500 108 copies
250
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10F
2 HER PCR i P R PR RS IE 2 iy !
Figure 2 PCR amplification product of bacterial liquid
and positive plasmid verification 3 EERRTLEE PCR ML

T 122 /I PCR P3990 5 3—4: FITEBORLSIE ; M: DL5000
DNA Marker.

Note: 1-2: PCR amplification product of bacterial liquid; 3—4:
Positive plasmid verification; M: DL5000 DNA Marker.

FETE 1.0x10"°—1.0x10° copies/g T [l (AR HE 5k 4
179O6E & PCR §715 o 4543 M AnEh &7 i
Y=—3.548 2X+45.902, X H ubriEFORFE DAL Log
6, Y#h CAE, BORMEERY Log (A9 C{HZME
KFRRE, MHXPERECH 0.999 8 (K 3).

A 3500}

2.800F

J
J

- ' 4 /S

Fluorescence

e = b

9 r =

S o o

S S S
.

-~

Figure 3 Recombinant plasmid fluorescence quantitative
PCR standard curve

222 SIYIRIEER I IE R R N L
POLER PCR KAEMALE, b TiEsl9Y
(10 mmol/L)#4% 0.8 uL, DNA #i#z 2 uL, Ty, by 60 °C.,
I FE AN T v 32 T b A o b Ry A5 AR E A 7 2 1
PCR, 153y 131 th& (& 4A), Bt X Bk
DI B RV AEFA S (cycle number), Y HliAZE

/L

0.000 .

4.00  8.00

0.0601

0.040

—dF/dT

0.020

1200 16,00 20.00 24.00

28.00 32.00 36.00 40.00 44.00

Cycle number

—

0.000 .
60.00 63.00

66.00 69.00 72.00 75.00 78.00 81.00 84.00 87.00 90.00 93.00 96.00

Temperature (°C)

4 EEATEE PCR G gyrB TR DNA 3111 F #iZk(A) 5 iR & i Z(B)
Figure 4 Real-time fluorescence quantitative PCR detection gyrB recombinant plasmid DNA Kkinetics curve (A) and

melting peaks (B)

Note: Standard curve of recombinant plasmid: plot obtained by plotting fluorescence data against their cycle number. Eight serial dilution

of calibration dilutions (1.0x10'°—1.0x10° copies/uL).
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58 FE (fluorescence), FH3IJ12= MIZERT A1, BEAEIFEL
AR NS G B T G 0t 5 VAR th o2, 973
PP — (8 4B), USRS RGR . POLRE
it PCR S 26 AR RILAL o
23 FHEREE

AT BE B JFORE ' E B PCR O, T
K8 C, {H 1Y Fr 1fE 22 (standard  deviation, SD)>W
0.01-0.08 ., 85+ RECH 0.12%-0.80% (% 2), Ui
ABIFTE ST AR E AT e AR T B AR i S 1
24 FEBWE

POLTERE PCR FIEECR(E) N 0.9, HXMER
HH 0.999 8, R H-3.570 7, Jiik CAEHAY SD /)
T 020 ZEEITFHIAH, HSLITOLE I PCR AR
HABE U | SRR, I HT
QHZ11 Ay PR & FE A I 5 1%
2.5 HEHE QHZI EEREMMFIFMNTLEN

AR TP E BERR 10 d SRAE—IRARBRAE
dtr, AN 57 AL E B PCR J7 i) 13
ARSI QHZ11 47 5E SAI , 45 2R 15 5 Frs .
XFHRAL TR T1 RINAEDTR, eI R ok & 2
PR BIAEAE, H ND (no detective)E R o

MIE 5 BERATLUE Y, DISHTR QHZ11 L
(9 T2 A B 2 RE TR R AT W ] A T o) il A
YA HLIE BOF11 (9 T3 ZbBirb, HEBR -3 vh 44t
P N — TR IR R B 3 25 % 0 FERS PR
BERIESE 10 K, T2 A1 T3 AbFRA LA B0 5
4 2.81x10* copies/g-soil Fl 2.75%10° copies/g-soil,

R2 FRBHRIREZR L PCRENHFHEEE

Table 2 Precision of fluorescence PCR detection with
different plasmid concentrations

Plasmid concentration (copies/g) C; value (Mean+SD) CV (%)

1.0x107* 31.81+0.05 0.27
1.0x10°° 28.26+0.08 0.51
1.0x10°° 24.56+0.04 0.27
1.0x1077 21.17+0.04 0.35
1.0x10°® 17.55+0.01 0.13
1.0x107° 13.80+0.01 0.12
1.0x107'° 10.46+0.05 0.80

ND T1: CK

Ix10%r C1T2: QHZI11
1x107F 2 a & a [T13: BOF11
& ] b b b a

a0t & o] B[P b &

a |1 2
1x10° b b b a
1x10°F o | b

1x10°F
1x10°[
1x10'

10 20 30 40 50 60 d7)0 80 90 100 110 120
t(

Antagonistic bacteria QHZ11 (copies/g)

5 DREMFIBUIMLZLZERNE QHZI B3
ST

Figure 5 The dynamic changing trend antagonistic
bacteria strain QHZ11 of Rhizoctonia solani in potato
rhizosphere soil

HHZE— N BUR S, Ui LA S BR A HLAE A A 2k Ak At
KT FEHORAEAR PR - v (A7 R B R T o X
it 22— AE R R AL BES AY SR 120 KA IR 25 o . Fifi
DR TR HEE, T2 A1 T3 AP RSB
(B TEAL PR 1955 60 KA Ik B, 205N
1.81x10° copies/g-soil 1 1.23x10” copies/g-soil, It
H IE{E A4 AR, K AR R4 QHZ11
FECH AR PR ) 8 A E A A T %A BlfS, &
B 20 d, T2 F1 T3 Ab3 PSP A ER T FE— 14K
B, 120 d DR EMAEIEA KR, FEPURETE
T2 I T3 BASE TR 2 PR PR B RRAR, {UH
7.94x10° copies/g-soil il 2.63x10* copies/g-soil.,
3 i

1999 4 Bohm 14 U 52 F 2% % E i PCR
(real-time PCR)FZA N I FE Y Bl 5i, (B
RAERIYAE A Ty w20z P B semt
P B PCR HAR MR &, AUECH T 2R
ZEFFF IR A2 5t PCR SE vk, ZEZSRHAgNT
PRy S P O A I R LR
B 67-1 W ITS XHATIFH 508, #7152t
2R PCRIRR k. BA ST sr 1 AR B AR B T
(R S 5 i VAR R ZEAS T i JE Ak 34 +- 38
Ty R SRR, IR T SERT G RE i PCR #
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ARTEAR A 7 T AT AT

S G AE i PCR AT R AR v Hh %0 A A1
BRI TE M, SCBLT PCR HAREVERE it
5 A Hu S5 8 PCR A + 3838 2
IR gyrB HEH 5 HAWSR A S T 0F 5T, &
BUEATR IR 70.3%-79.2%, AT Fi| 22 5 7
IR B, gk e AR R R Y 1
5 AR GenBank Tz i 128 2R FAT I8 S H R %
BIPREY gyrB BERF 4, R AS IX P91 22 S it
FESe s, seorltte 1519 ZRIKFUR Je 25 H .
AT R FH 52 B 2 28 1t PCR 7 ikl 25 45 AR
PRt 3Erh RS UE . REBUE & BAr SR, Fras
[k, HAY AR, SRR, v
BORA 0.91, ARG A SR PR - bk
1x10°~1x10" copies/g-soil HIFHEHLEE o S T A it
A 258 1) s Y Al 2 RN o 22 PG 0 5 A5y ¥ it AT
DARSIN 3 Eh 4% AR PR - S 55U QHZ11 M%)
ATE O, R T T — PP B 1) SE I 28 2 5 PCR
R 7k

ARG FEPIE QHZ11 SEiF 5
€ &t PCR AN 5, X 3 o w422y XA 4
PUA QHZI1 #A7EmAa, MR PIE
QHZ11 B A R A HEE R T 4% AR s 1) it
BHTID, T2 AEBEASPUR QHZIT A4 X 5
10°-10° copies/g-soil, T3 ZbFEHEHIH QHZ11 A4
X2 5K 10*-107 copies/g-soil , ik 3| & EFEHEH
PR . 255 SR R SC T 2 1 PCR X 5
PR RIE A 2 WA T E i, R R AR
H KGR 7.58%10° copies/g-soil, 3G 5 I [ Fifi
FET IR BRI IR, 4 &P
3 2 0 A% T TR TR 22 A TR 4 S ) A
RS, KB A E Rl A 10-20 d J 28 B
WERRHE, 35-50 d JETEZEIEET . RAMBEE L
AU B R R B . AR BT QHZ11
FER ) LS5 10 R EP AT SR A8 sl & #44E B
F, TE S8 AR PR 58 1 AR A5 90 S AR

LS S R E R AR, 5B QHZ1L AE
TLAAHIER 39 10-60 d BIEEIN L, A3 HRE
N 107 copies/g-soil, X AFEHIEH QHZ11 REWAE N
Az By A R 3B S A AR VR R B 5E T Bk

4 g

AWFERIESL THUE QHZIT MSEm &t
JERE PCR PREAGINTTIE, 2T LIRS . R
FEim . EREMEL, BV A® 1.1 h, HAl
AR o WFTE R S BT B LA —OC 1A k
i 2L A ATLNE D 28 A1 Ao 1) 398 b L B MO i
R CAEPTAHE LM — DR g,
PO -5 A PUIEBEAT — U AR 18 nT LR UESS T 1
MIAEAE, AR T AR PR AT AR S AL A E R 58
iRl AU EHREIIE QHZIT 1R 5%
SERR B A JEUL 23 A5 LA R 50 S Bl A ) A R B SE
S AEREMIA R Iy IR A
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