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KIFIHE QHZ11-gfp L EEMK LRIEEFERIZE
e

FEA " HED EA T ATV KLL? IRV A

1 Hl Al REAVEIR S50 HoR A T RAEEEYFE A= Hlt 22H 730070
2 Bl & SEFYRIEALA T TR G HE 220 730070

3 HRgl Rezah2#Be  Hlr 22 730070

B E:(FFIAGRAEEDRZ 60 2T AR L L AR AR, M ALV SRIFH AR Fe Ay 2089 T
A EAMARAGARASANENEEZLIEL, [B0] ARLALEZLZERRARRD IAELERA
(Rhizo ctonia solani) JT18 #9451 H QHZ11 & B4 F AR L o) TS AE BT B4 Z 6910 A R,

[ 7% XA % &% K% 4 (Green Fluorescent Protein, GFP)*F QHZ11 #4747, HFAFitHMEA &
B EMANEF L E KSR ENERE LB, B AERELIHRBEARAFEN KT E PCR 57
SRR Ao EATICE AR DA F AR R R 3L 89 AL, KB TABAT BAF AR, [4X]
pHAPII 42 -\ QHZ11 F T #2440 4K, ieh QHZ11-gfp; BMAFieM BB ELES. &
Kt ZAxt R solani ITIS ¢4 AL W F A R—2 ., NF 7T RIT44, MU ELAEF AR ELAT
Gk, VA QHZI1-gfp DT T LA ZEF . RF3H2. QHZI-gfp AR ZA Fafh & £ 092
M EFHEZNARIHERZEHNRBPLIEE T2 Y, TFTHEENATHRAG TR TS
XFHEZE. BERFADAIEAEYDERAT LAEZRANAK, FBDERSZEFRDM®
KRG THREFZ., EF, ADAIRLEELEIAL G RAIRE . THAK T Foxt DA F 0L AE KR
HEERTASR. (48] QHZ11-gfp 7T £ L4 F AR LRI R I3t HA A RATFOILA SR,
F A R A A HAeAR ST Hw5h, AR A BOR A EAF,
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The colonization characteristics of Paenibacillus jamilae
QHZ11-gfp in potato plants and its growth-promoting effect
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Abstract: [Background] The effective colonization of biocontrol bacteria in crop roots is the
prerequisite for their functions, and intuitive tracking technology and effective quantitative methods are
important tools for studying the roots’ distribution of biocontrol bacteria. [Objective] To study the
colonization characteristics of QHZ11 (antagonistic bacteria of Rhizoctonia solani JT18) in potato plants
and its growth-promoting effect on potato. [Methods] Using green fluorescent protein (GFP) to label
QHZI11, and separately inoculating the labeled bacterial suspension, bio-organic fertilizer and sterile
water into the sterilized soil. Using laser confocal microscopy technology and real-time fluorescent
quantitative PCR to study the colonization characteristics and quantitative changes of labeled strain in
different parts of potato plants and its growth-promoting effect on potato. [Results] The pHAPII plasmid
was successfully transformed into QHZI11 and could be inherited stably for 40 generations in
QHZ11-gfp, recorded as QHZI11-gfp; the colony morphology, growth curve and antagonistic ability
against R. solani JT18 of strain before and after the labeling were basically same. Starting from the 7th
day, green fluorescence successively were found on the potato buds and roots, indicating that
QHZ11-gfp successfully colonized on the potato buds, roots, etc. The quantity of colonization of
QHZ11-gfp in the roots and stolons both showed a trend of first increasing to the peak in tuber formation
period and then decreasing and in the whole growth period, the quantity of colonization of QHZ11-gfp
in the roots was always>stolons. Both bacterial suspension and bio-organic fertilizer treatments
significantly promoted the growth of potato roots, increased the tuber yield by increasing plant height,
etc. The fluorescence intensity, the quantity of colonization and the growth-promoting effect on potato
of bio-organic fertilizer treatment were significantly better than those of bacterial suspension.
[Conclusion] QHZI11-gfp can be successfully colonized on potato plants and has a good
growth-promoting effect on potatoes. Making it into bio-organic fertilizer promotes its colonization and
makes the growth-promoting effect better.

Keywords: Paenibacillus jamilae, green fluorescent labeling, colonization characteristics, real-time
fluorescent quantitative PCR, growth promotion
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FH 9 #2 Br 42 4= B (Plant  Growth-Promoting
Rhizobacteria, PGPR)/&—ZSRETEAA WAL PRl iR R A7
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Az B R G0 Aty T A 4080 ) R R R R o
D5 ¥ W HAEAE YA 2R 557 23 A JL A ) o 2
N L P 25 VAW AN Tae - 75K o N DFE VA Y oa i
1z 4t e PR 2% S AT Y E BEL T ST AR AR T A AL
F B, Horh oy B A 4 2RI R KB i R
¢ 97 1 (Green Fluorescent Protein, GFP)!"*!pH
PRic B/ . ToREH . AiITEE M RETEZ M AR
Yy 20 v 3 3 0 P A G R A Y A PR TR v
I FAR P BE DY, FORAIESE H AR MR AE & A A=
B8 v I A A A E S AL LRI GFP ARid
A= B T AR A 22 Bl 2 AR I B T, A
HEZEAL RO R ZE A T TR AV R 2 AT
[

AW BTA I B BT = ALY PGPR THfR, A
B EE I 1 MRS LA 22 4% TR (Rhizoctonia
solani) JT18 A7 58 4 U AF H 09 28 ZF 1 #F &
(Paenibacillus jamilae) G1 . ZERINE RN 66.7%,
A {#i R. solani JT18 W22 k£ WIE ; [ B HAT i AE
J1, CREFE Fe #ulk . ERKRMMGE, HAg—k
e RAEB R AL EE A5, FRATHEXS 5200 % AR A T
PREERT, # G1 fv4s oy QHZ11"2), PGPR K45k
MRS EMR R A ROETE, AT QHZII
A 75 7 1) 48 SR 2 0 Bl M LR 1 BB AR A Bl 25
AR AN, AR L QHZIT J9BEsE
X4, i ARGV R IC R R QHZ11-gfp 715
SERARA R ALRY E T RIE . B0 R 5%
FIREAERCR, DT QHZI1 5 T R AR
AR AR B AR, IS HAE WA HUIE B LA
) SRR S A
1 MEEE
L1 #F#
L11 E¥RS B

SEAG 22 K% T (R solani) JT18 F12E 2F 14T 14
(Paenibacillus jamilae) QHZ11 3] AR SZHG % 705 |
Y SERRAT s HEHTTE Hpall 3 8h T4l F 415 GFP

H KBTI - AT 3 248 DL 22484 pHAPII
(GenBank & 35%%5 . HMI151400), iZ ki A KB
R (Kan)BUrE R, 1 pg s Rl R 2= Pl -k
I
1.1.2 S

LR SE R PG I R, ph o P T AR BB AL
1.1.3 HIESEHR

THERBAENT SR ERKE A, 24
1.73 g/kg, Tiff A 161 mg/kg, M 140.23 mg/kg,
B 122 mg/kg, pH 8.1, fi AT i A48
ok E Tk E S, FLEALS, 7E 1x10° Pa iU
JEAR BLK B 30 min, AFEERE+ 20 kg, FHIK 2 (£,
FHEK 2 3

A HUIERE iV EIO A P B A R A
fefit,

POIE: PRER . b WS FIGT IR PR EE 24 T 21 1,
AT
1.1.4 EFEZRXFIFLEE

FastPure Plant DNA Isolation Mini Kit .
ChamQTM Universal SYBR® gPCR Master Mix, F§ 5%
MR A IR A BR A Fl s DL2000 DNA Marker,
2RI EE AR A RAF . PO E R PCR
X, Roche A F]; MAFAMANELG AARAF; #
B R MBAAFOCIL R BIMEE, ZEISS A+,
1.2 Ak
1.2.1 QHZI1 # GFP #Rrig

76 1.8 KV, 200 Q. 25 pF 1 5-6 ms BT
Pk Bk pHAPIL 5 A QHZ11 &2 2541 i
(i85 7 122 SCHR[21]) s BRI HT S T 7& B ZS
FHOE, EhmiC AR B IATR 5 B R o0l T 13
B TSI PRI MR b+, L) pHAPII
BAK B gfp FER BRI T Y) (gfp-F: 5'-ATGA
GTAAAGGAGAAGAACTTTTCACT-3'; gfp-R: 5'-T
TATTTGTATAGTTCATCCATGCCA-3'; Size: 750 bp)
I3RS EAL T S AR TR R AT TS PCR 4 G FIH
VKA, Y B E %Ll
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QHZ11-gfp.
1.2.2 RS E 1N E

Fedd QHZI1 5 QHZ1l-gfp YA K 2 & xt
R. solani JT18 HYHEHLRE S CEBIE)!™; LI 8 h
7 1 ARKI QHZ11-gfp My BTRIRE M
123 ZFRIAEEIT

PRI TR 25« KBTS AL R % QHZ 1 1-gfp FhF
WA T 30 pg/mL RIFERD LB 35T,
30 °C. 170 r/min 53¢ 48 h, #RJ5 4 °C. 8 000 r/min
B0 10 min RFR_EIEW, FIBERRZE nhilk DRI A 1A
3 AR E R, HIAER A EGA 10° CFU/ML.

FIERATHUIR 26122 BOE A HUIEERL 7 ke
TR (NAE 56 cmx36 cmx28 cm), % 15% (I&FH
JE S A B INA SRR K R R 1R S, B R B+
% pH i1 6.8 &

AL K QHZ 1 1-gfp TR
5% (B RO Z QAR AVIEY, RE
IHERE, RS KERIE 60%+1%, R KB 8 d,
i B2 W0 A HLIE (BOF11-gfp) . L A ML & &
46.10%, 4% 1.96%, P,05 3.09%, K,O 1.52%,
QHZ11-gfp H# ik 8.19x10° CFU/g.

AR AE H A O K= = i T, 3% 3 ANk
. T1. CK (H/K#Et); T2: QHZ11-gfp [FH&
WL, BT RRRIART=100:1 (Fa AR L)
Y51 P AK T 3] T3: BOF11-gfp [ HLAE
J e e R =1.5:100 (i ) 5T A K +
], ST RFEF

A PREE IR (CK T QHZ11-gfp 4344
WINRE . B RES MR IREEE 3.83 g, 1738 ¢
5.7 g, 3745 BOF11-gfp ZLFHANY), 4
+ 6 kg, FRALFE 20 4. XHEEFEEE . FTREIRIR
MEZERERDFRE U HERD, 4L 8 Mk, T WIEmH
4%k, EFW 120d,
1.2.4 QHZIll-gfp EZHREREMKARENAYEE
FHE

WA TR EURE , 43 ARG RN G 56 7 FoREEZE,
957, 14, 21 A28 TR RN, 5 47 KRS

GICESSTE

HURE IR Th A8 A MR N L og sz, o
KPR ZE AR AR R R ZE R T Y I U)k
1 em /NEE, TGRS TREVI RV S B T30
LR I ORI [R) A6 1) ¢ e ot B [ K
488 nm, {E57LMH 560-680 nm, Leica Confocal
Software (V2.61)/3Hr EI1£].
1.2.5 QHZll-gfp ESRERAMBEENER
PCR

[ 1.2.4 BEIAPERRE T, 3 i ERE R e i
7 KRR 27 RREMWAFEN, 7555 47, 67, 87 Al
107 TR M R E 22 iR 1.2.4 —k4t
KRE 8 R(EE 27 KA 28 RAF—IK), HERERAL
PRRENLR 2 7, T4 3 M

PR R A B 2K e i e By e, B
T WFEK A & EEE , ] FastPure Plant DNA
Isolation Mini Kit 28 DNA , 5246 E 5 PCR )5
P TR
1.2.6 QHZI1-gfp X BERERMEEMR

WRRIESSER AR E ; WRIE IR
A TTC PN 5 43 57 Th 4% A [l 4 75 101 )
SERIRRIAR ZHERDY ) om0 B 3 2 UG+
FEE
1.2.7 HES

Excel 2010 F1 SPSS 23 #5445, Duncan
PO S A 2204600 22 5 1 35 1E (P<0.05)

2 ZR545W
2.1 QHZI1 ¥ GFP ¥rig

I H 2 i B ok pHAPIT S AT QHZI11
JESZ SN, ARICTH S TR PR T 7 25 S A B AN R )
. FE@ ., AEWE 1A A 1B); 7EfIEZOLE
TBE T, ARIC IR S B 7 AT B R R Y] et B e
sk G(& 1C F 1D); 7% PCR 458 R AT
R TR LAY M 750 bp A5 A7 1 H B9 AT, TR AR
HHRTC A (] 2), Uil pHAPI JEoki s A T
QHZI11, A QHZI1-gfp.
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1 BEHRIRICETE B % RY ELACFI DT L B ER T RIS L W82

Figure 1 Comparison of colony before and after strain labeling and fluorescence observation under fluorescence microscope
Note: A: QHZ11; B: QHZ11-gfp; C: QHZ11-gfp single colony; D: QHZ11-gfp single cell (1 000x)

2.2 R EMNE

A KT F (] 3A) & BT 15 hisF QHZ11-gfp
H QHZI1 AKigtg, ZJaERKERIAME, &
TR BORLA S ARSI QHZ11 1R s QHZIT
5 QHZ11-gfp X} R. solani JT18 I E % (18 3B—-3D)
4351 67.0%F1 65.5%, BiHIRICHT S BN IT-18
(RFEHLRE I AR

bp M 1 2 3 4 5 6

B2 PFRAMELTES PCRWIE
Figure 2 PCR verification of colonies of positive
transformants

Note: M: DL2000 DNA Marker; 1-3: Positive transformants; 4—6:
Negative control QHZ11

RIS E A I (] 4)3% P, QHZ11-gfp i 4kks
7% 40 10, A REZ IR K RSSO H S —,
ULEHIRI AT 7E QHZI11 it f& 3Rk HARE o, nT
T a2 IR .

A 40
35)
3.0
25}
2.0}
1.5}
1.0}
0.5}
0.0 L

—=— QHZI1
—— QHZ11-gfp

ODG()()

3 BEHRFRICETE A K RS HRE 71 R ELAR

Figure 3 Comparison of growth curve and antagonistic
ability of strains before and after labeling

Note: A: QHZ11 and QHZ11-gfp growth curve; B: Control, JT-18
(5 d); C: QHZ11 inhibition rate 67.0% (5 d); D: QHZ11-gfp
inhibition rate 65.5% (5 d)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4080 (G

Microbiol. China

B4 QHZI1-gfp FRifa E A2
Figure 4 QHZ11-gfp plasmid stability test

Note: A: QHZ11-gfp 1 generation; B: QHZ11-gfp 20 generation; C:

QHZ11-gfp 40 generation (1 000x)

2.3 QHZI1-gfp TEEREEMRARIRBLIH EFEFHIE
231 HEDREF ERIEESHE

TERERIE 5 7 RENATAE H 4% 3 2R R ADULEE 5
056K SA-5C), T H BOF11-gfp A7 a0 i
WEMWT QHZI1-gfp ZbH(E 5B A1 5C), BiHTK:
QHZ11-gfp il AW HUIEA FIFIHER; 2R

VIKI(El 5D-5F)#—2 300 T iX —[ml#t, 2 bl
A QHZ11-gfp ¥k A T 284404, (B LA 4EWA

UL QHZ11-gfp #EA T 4E45

232 QHZ1l-gfp ESHEIRAFNE G ERIEIEFFIE
BERIGHIEE 7. 14 A1 21 K, SXRMIE, 76

QHZ11-gfp 1 BOF11-gfp AbFEAY LhEA MR AR

S3 DXL R 4455 (] 6D-6U); 7 d AR R

Bud surface

E5 QHZll-gfp EESHREF LHEE
Figure 5 Colonization of QHZ11-gfp on potato bud

QHZ11-gfp

-
E F
Bud crosscut v

iR, 14 d B IXHO G ER, 2 28 d BF2OEH
4(E 6V-6Y), i8] pHAPIL Jioki S A QHZ11 J57E
R ERT IR 2 25 d; BOF11-gfp AbBRAHR4
AL R T Y58 T QHZ11-gfp, WE— M
QHZ11 il A= WA HUIEA FF e 7

hES AR R ZE MY BRI RS (5 47 R
1 T R RS e 1 7 I S S N R (5, 7
O IR £ AT T AR LR B 5 B v 1 ) R 2R Y
TEFA(E 7), RS HIXTH)E 25 T E it PCR,
ATSREARIN B 454 TR 1L
24 QHZIl-gfp EERERRZANEBEEZNES
PCR

M 8 FT LA 2|, Bl A8 A A UERE At
WER L QHZIl-gfp MEHEB 2T, 256
47 REREETE B 5 ) R 25 I s gl 4 s )
)G R FRE, 255 107 ROREUR)ERRAL; 78
BALEEM, FRICE N EEBCERA R
BOF11-gfp>QHZ11-gfp AbFE | AR R > B LA HL AL,
XA 2E SRR RS A 47 Kol B3, BOF11-gfp
A QHZ11-gfp ZEAR ZR HYHUR (1.07x10° copies/g)
THIEI2£(6.63%10" copies/g), I HAEMRER YA
HUIELLFE(1.07%10° copies/g) 5 Fl it 5 T 1 B i
AbFE(1.65%10* copies/g).

BOF11-gfp

Note: A—C: Bud surface; D: Bud meristem; E—F: Bud meristem and vascular bundle. Red arrow: Fluorescence
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CK QHZI11-gfp BOFI11-gfp QHZI1-gfp BOF1l-gfp QHZI1-gfp BOFI11-gfp QHZII1-gfp BOF11-gfp

TR

Root
surface

Elongation
zone

Root cap and
meristem

—> 4 <€ > |

6 AEXEH QHZIl-gfp AERERZNEE
Figure 6 Colonization of QHZ11-gfp in potato roots with different days

Note: A—I: The 7th day of sowing; J-O: The 14th day of sowing; P—U: The 21st day of sowing; V—Y: The 28th day of sowing. Red arrow:
Fluorescence

CK QHZ11-gfp BOF11-gfp

Bl 7 QHZIll-gfp ESHXEBEZRTEIAMT d)
Figure 7 Colonization of QHZ11-gfp on stolons of potato (47 d)

QHZ11-gfp treatment BOF11-gfp treatment

2 e

8 F:

5 6r Roots & 6r Stolons

2 a 3 a

851 a b = a a Z 5T - a

b= a E: o b [ b = 2 b b & a

S4rbm b - - g E4L z b 2

g — e b g ue b

> 3L = 3L =

g7 23

o ]

S 2F < 2r

) @]

=} 0

S 0r £t

g% 0 L ! ! L ! ) 5 0 1 L L )

= 7 27 47 67 87 107 3 47 67 87 107
Days after sowing (d) Days after sowing (d)

E8 QHZll-gfp EESRERARBEAENTEHEEE
Figure 8 Colonization quantities of QHZ11-gfp in potato roots and stolons

Note: The different lowercase letters indicate significant differences among treatments at P<0.05 level
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2.5 QHZIl-gfp M BHEREEHR
251 QHZIl-gfp MOBRERALSHIRRAEAN
B9 22

L9 AT, Bl S A B R et
AL AR ARG 1 ¥ 2 BT EHEE I K
(67 A)FIIRIE(E, B T RERESE; TERANAFM,
BOF11-gfp 1 QHZ11-gfp ALBRA&FEFRI B & & TX)
MR, Jf H 2 AL Z Al Ay B35 22 5, BOF11-gfp
R T QHZ11-gfp AP, JEHAE BRI FIHRAREL
I, BOF11-gfp . QHZ11-gfp Ab343 55 0.63 1%
0.5 1%,
252 QHZIl-gfp MR EEAYE M EEE K
oA

FE Y BN R) AR B I FAR Z MR (B 10),
SIRH RIS H B IE TR GBS, FHENET
H1, QHZ11-gfp 1 BOF11-gfp ek . X0, S
DI BB E X IEAL, BOF11-gfp thig 3%
T QHZIl-gfp 4b¥, H TEEFHHE,

BOF11-gfp Ab ¥ -3 H b | Mo F T 5 43 5 kb
QHZ11-gfp = 0.93 £5H10.77 fi5.
2,53 QHZI11-gfp MR EFEMEMN

TWOR G2 m (R 1), 4R K
QHZ11-gfp Fll BOF11-gfp AP i 2538 i 1 4%
fyHeE i, Hirp BOF11-gfp 2RI & 1 CK il
QHZ11-gfp AFRAFHIHEIN T 0.45 f5F1 0.34 £i%.
3 i

PGPR TEAEIAR 3R 0 8 FE 2 50 o3 R A= B A
FHISCHE, ST PGPR TEAR Z 1058 58 o A FLAEE
S P B LA PR LAR ) St 220 9 2 BRI FH 22 5
DUBORLEA T AR T, Ay i 45 SR R A
SE R SIS ERRRE S, R E EAE
KA, (i BRRCEE & A% 1E 7 1A B RERT . A
F5E, QHZI1 TEbRICHTE I RVE IS | KL
FIRE ST 22 R S HURE 1 SEAAHTE], U BH AR
KIS AT AR R A KA TRE, X bk

1200 W a 7¢ 1200
21000 i 8 o 6r 2 a 1000 f g
s g 51 a I @
= 800 | a g o s 2 b g & s00f
= - Q L et
B 600 | by o o b B4 b 2 600 |
= 400 : o2 3 bl oz ~
8 L bs ¢ ¢ =, f b 400 |

200 i z 2T b ¢
bba
= 0 = 0
1 2 3 4 5 6 ) 4 5 6

350 1 160 ¢ a
‘c L — L I
5 300 = 140

5 250 L %ﬁ 120 + % Ii)
—
= 200 | =100 3 BE ¢ 8
2 2 8 b b m CK
€ 150 f 5 Z L a
2 100 g 60 ’C]: o bk QHZ11-gfp
g | g 40 : BOF11-gfy
& 50 ~ 20 L I ¢ -&lp
0 0 - Al
2 3 4 5 6

B9 FTEEEH QHZII-gfp W BRERAFSRIE NN
Figure 9 Effects of QHZ11-gfp in different growth stages on root morphology and activity of potato

Note: 1: Bud period; 2: Seeding period; 3: Tuber formation period; 4: Tuber expansion period; 5: Starch accumulation period; 6: Maturing
period. The different lowercase letters indicate significant differences among treatments at P<0.05 level
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30 | Z g bl b c =
‘S ba c 5> 4 a ¢C S 2 o ¢
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C

28 a 18T 2,
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25 2 2 10 | bl A mCK

o4 b S8t il

S 3 S = bl B 6| a QHZ11-gfp

B2t a il el ; i_ 2 4t of « BOF11

g | CEI 2 I I 5 2 Fcba bt OF I -efp

@) 0 Ll= |i L "g 0 Y | L

2 3 4 5 6 D 2 3 4 5 6

E 10 FAR%EEH QHZI1-gfp MELEEYEMM FIEKIEIN
Figure 10 Effects of QHZ11-gfp in different growth stages on biomass and aboveground growth of potato

Note: 1: Seeding period; 2: Tuber formation period; 3: Tuber expansion period; 4: Starch accumulation period; 5: Maturing period; The
different small letters indicate significant differences among treatments at £<0.05 level

— W5 QHZ11-gfp 78 Th4ES A IR AY 2 FE Ak 25
FE TSR

) 3 R R A B S 4 T AR R R S
PGPR, SRR R 5 ek 24 5 PGPR
FE AR —4  PGPR XA 240 WAy v 3 S5 0,
DK A AR 22 43 W P vl A S e BB IS 5 | PGPR %1135
R E LT Y NIV Y ATEYI b5 <5 310, A N 1
FEHE I TS LR AR R0 7 d SRR R,
QHZ11-gfp I 7E L B ZF R AL E T, BLHIZEM
R 2R 0 WA (AN R 400 J50 Sk 55 e o7 1 A A A 2 i fit
TEFRYFARER . Yi ZPOMIERKE EA TS

*1 AELESRES=
Table 1 Potato yield of different treatments
Ab 3 Treatments 7o Yield (g/pot)
CK 949.51+4.35¢
QHZ11-gfp 1026.92+4.14b
BOF11-gfp 1375.62+5.93a
Note: The different lowercase letters indicate significant

differences among treatments at P<0.05 level

T SEAL ZR 43 MA HORT 26T TR RS R TR VR FH B 0
KB, XIS ek
Z HEFERICHFIAED & M. KT HRERR B
QHZ11-gfp MEARY R, BT iE— ML2E % K
S FEE LK FAYHT

4746 PGPR REMSAETE THIYI TR LU, BAk
NN E Y R ZE AT R AT AR A KR Y
T, RS HAT B AT AR A 2 )
o B A AP TEAR PR 2 1 0% 40 B o AR
B, A TE AR A LN E SR A AN
Wregz il i<y, T E AR B EUAR PR AR 2R A
AWy REAR A BRI, TR R KRR
YR A RGBSR A s
QHZ11-gfp AT VA#EAZF I AL GEE I AR
Ay, JEHURMR X e s, UiBH QHZ11-gfp 7l
DMER S ENATR, X TS ENRE
Biiva th A BB IV JT . BNA QHZ11-gfp
5 RS ERE R EAEDLS AR, T 45 IR
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AFIERTE o AR KIS 2 FR SRR & L,
BOF11-gfp MIZ¢GIREEY &5 T QHZ11-gfp 4b
B, VLIS PUR LAAE YA HLIE Ry kA m] i i e
R ERARIG I, RO ML AT AR o e
Oy, FE RN pH AT B E H SR A A
FEIDOY, et A e, FEBRRE AT £ B A LR
BERE R IR AE K B, K 30 3] AR
B R EH

AR LD G E 5 PCR X B4
MR R ZE RSP T T ki, 255 & 3
FET B E L 2 R0 1) ) 25 100 B B0 Y AR He 2R TR
WIEITRIEAE , FERLRIHRE G, BB,
A eEMBE e RARERA>HEZE,
BOF11-gfp>QHZ11-gfp 4P, i T-H2LTE M 125
SRR RERA, R AR 2R A KRR B o T
PR, PR T REAR RS, WE |G SR £
TR R I H e R TR B s SRR 5 B A
BAPAYIILE, HeEBOEEmR R &S TR
B, UL PR LA HUIE R 2k AR
BRFHAEFEN ., 4T G S8 ERRIR R
BRMLAE A I, WRFEETH, 2K
FKIFD, BN ZSEAE TR ECE R B R R R

528, PGPR FEAIIGINFR3REL . s
W AT AL R R K PT L A 1 5 5T
QHZ11-gfp X S EHCR AL, QHZ11-gfp
AMUBEE E DR B AL AR, RERRNE
1, dREME MRS . MR AR AR A
3 H BOF11-gfp . QHZ11-gfp AL FIAL R B 2%, iX
SN T SE RA L. QHZI1-gfp HA 7
IAA. Fe BARFIABEGEARME, e 7 H X
WA RAFMMEAMER SRR L A= 9 Al
MBS, AT AUAE A A R s M A T LA £k
T EE SRSy, R A A MU T T
PUTEE AT LS 55 M3 200 0 B9 R 22 IR I A
MG SEAR 235 AP0, skERm OB
MR TG A2 RRERE T 38 2 45 AR K S i I 43 TR
TGN ANAR R B R AR R AR ) AR K, AT

FEf QHZ11-gfp X Eh4% BAR R A fe kL H R AL
MR FIARARE 1, 533 e I iRy 45 A
—#.

4 S5

QHZ11-gfp A 7E S48 AR I 2N e B X )
BT RATRARAERICR , B L Ak A LA (i
THEE, AR B L, X QHZII
5B EARSRE TS, JFh QHZIL 4
WA ALAE (%) FE 8 R A BE e T Jk it
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