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WM. BAE@EES P AR ORERRABELARIR Y, A, AFARTRPLTEEEERAMARNS T EEEI
STFEAMELR TR E L, RAEATHE A 28 K B 7 42 2] PYFWR1 (Fusarium Wilt Resistance 1), JF FLi it #4 A
SATHBT A TR EEBE EAFT R RX, AER ERFRT AT EANTL. L, ERRMALERT L. BRM
HAEE 35 2% PFWRL LB /55|, 257 aE 547 L3 PVFWRL 2 — AL A 4F A H, CDS 2K 1104 bp, %45 367
ANRAB, B&F LRR-RLKs £% & &; &K%, RT-gPCR X3 PVFWRL Z A AR R K& 0 Bomatdted 2145, BA
BRRERBREAS, RARTERZZAI A, RE, AR VIGS HAESRAF 3T PVFWRL LEK, #MmRHE, Hik
PR EG; BB, ATHiEE 2 LR EERRAH P PVFWRL i3 23, BB BHE G, TAAHKRN L FHE,
ZAUALESA, AR PVFWRL AR R B ERAMAR, HARERALBESHERRBENF B A ZARGFHA AL T

B9
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Cloning and Functional Validation of FWR1 Gene in Common Bean
Zhao Lili*?, Chang Yujie?, Wang Xumin!, Qu Jiangyong', Wu Jing?

(*College of Life Science, Yantai University, Yantai 264005; 2, Institute of Crop Sciences, Chinese Academy of Agricultural Sciences/Key Laboratory of Grain

Crop Genetic Resources Evaluation and Utilization, Ministry of Agriculture and Rural Affairs, Beijing 100081)

Abstract Currently, there are still relatively few genes for resistance to wilt disease found in common bean cultivars, so identifying and mining resistance
genes from germplasm resources is of great significance for molecular breeding of common bean. In the previous study, our research group identified PvFWR1
(Fusarium Wilt Resistance 1), through a genome-wide association study and inferred that it might be related to resistance to common bean wilt through haplotype

analysis. In this study, we conducted further research on PvFWRL. First, we cloned the PvFWR1 gene sequence from resistant material Tuheyaozidou and the
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susceptible material Longyundou No.3, and found that PvFWR1 is an intronless gene with a CDS length of 1104 bp and 367 amino acids, belonging to the LRR-
RLKs protein family. Then, RT-gPCR showed that the expression level of PvFWR1 in the root tissue of resistant material was 2.1 times that of the susceptible
material, and the expression level in the root tissue of the infected plants was significantly higher after inoculation with the pathogen. Finally, we used VIGS
technology to silence PvFWR1 in the resistant material, and the resistance of the plants was weakened after inoculation with the pathogen. At the same time, we
used the common bean hairy root transformation method to overexpress PvFWR1 in the susceptible material, and the resistance of the overexpression plants was
significantly increased after inoculation with the pathogen. Based on these analyses, we concluded that PvFWR1 is a resistance gene against Fusarium wilt. The

research results lay a foundation for elucidating the resistance mechanism of common bean wilt and the genetic breeding and utilization of PvFWRL1.

Key words: common bean; Fusarium wilt; PvFWR1; LRR-RLKs family

¥ J# 2% 7 (Phaseolus vulgaris L.) & 2 BRFPHE G iR #Es AR X AR RZ MEHEE, i
T [ A O QNCAEY 2 — 0, SR E S L e R R R AR, A B A 0 O O
FEAEREER N EREZ P, PR R R S BRI S E & B (Fusarium oxysporum f. sp.
Phaseoli, Fop) 5l #2f) HAE B M, ERELTE. BRIT. SRNSEME X EE RAERS, 2 E R AER,
— bR FAE 30~500%2 1], AN AR AT ik 90% A 1571, BRIk, R4 R SR AR R
TR AL, ST v S P X 0 A B R

B L R B 5 2552 1R 08 (leucine-rich repeat receptor-like kinases, LRR-RLKS) /& 4 o 5 K f — 2 5 Jis
RKAZ P, HE5H F B A LRR 45 K)1(LRR domain). #LyXi# fiE [X (transmembrane domain, TM) Al
PN G A (Kinase domain) = #5448, Z8E AR Z M LRR TR A 20-30 MEUSERR, AU IS &
AHAE, XFPZ R LRR-RLKS 5 AL RRIS A S FHIC AR, SECLThREM ZREMEEL, B0, LRR-
RLKs FIETEMR PPN 7 R EEZAEAN, fERlp e, MRHEANZAE FLS2. FLS3 S5 iR
) 52 {4 (pattern recognition receptor, PRR)121 3 i % flg22 & flgll-28 %5 % Jik [y i1 B 3181 5] %
PTI(pattern-triggered immunity) %32 < RIESY; #E KR H,  XA21 5 R 2 B 1) 28 11 0 6 4R 5 P b 13 331 7 Pl Al
B (Xanthomonas oryzae pv. oryzae)/r i —F N 78 H AvrXa2l, 4 AvrXa2l 5 XA21 560, Sk
—RINE T FEM, RAFBUKREEIGIERR, 7SO CHE L, M m KRR B R
Priklel, fEF g, YK Z (phytosulfokine, PSK) £ 252 4& PSKR1 AJ LAMEhnZm i b Ca®* {5 5 4
VEDURHERR, AT 1 S 7 AR A R A AL 1 e ), FE/NE R, TaXa2l JERRIVUER S o H 55 /N x
5 1W (Puccinia striiformis f. sp. Tritici)fIBirE, R TaxXa2l £/ 4855 M IE [ i K0, [ ik,
LRR-RLKs i T 15 S48 1) f s 4 o0 B P20, AU A i 1R FH A B AL R W e A 21 T 9 M@ e
PR SR, Hrb Phvul.001G212100 fi 11 54tk I, J&F LRR-RLKs JERI ik, #5145
PR B H2 585 vk B P, AR FE Phvul.001G212100 fir %4 & PvFWR1(Fusarium Wilt
Resistance 1), XJ HEATThRE M, Jyik— BB 50 123 5] (A 2205 T MEATL A R ORI P 122 25 DR R 47388 4 15 R B9 58
Bt
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L1 E TR SR

PURAME T BIE T 2 BORAM R ST 3 5. AEMHE (Nicotiana benthamiana)s) i A [ A Mk B B
YIRFEI T TR A

# A pCAMBIA1300-GFP. pCAMBIA3301. pBPMV-IA-R1. pBPMV-1A-V2 HA Sz S5 17, A2
BIRRISSE M Fop-DMOL 1A SEIG S {777 #i4k pEASY-Blunt(CB101) 1K #F 5 Transl-T1(CD501)0 T

It EXEEMBARERA T ARHAE GV3101 FAMRANTH K599 Wy T b st il MR A IR A .
12 ZF=ESEMERESHT

FIH NCBI M3y Primer-BLAST 257 #1519 PVFWR1-F/IR(F 1), #E1T PvFWR1 gDNA F1 cDNA 4=
KLU A 3 1-(ATG A7 2kb) 9334, PCR P24 FH 1% JIE B e Fiss e kRG]

FIH SOPMA M UHiE4T 8 A &5 i, R Swiss-Model % fFHEAT 8 (A = L5 M R A5 )
Expasy {0 #r PYFWRL St i (i i 3ALYET, AIH] ProtScale TRINZRER/KYE, HAH TMHMM Server
v.2.0 BRMF S B X, R H o SignallP 4.1 T {5 S K RE PR R A BLASTP fE £k 43 # 1
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) &MEL G . 45, NE. BHEE . KESEY+H PFWRL 1 FHJEF

B, oM AR SRR, R MEGA 11.0 B4 22 [E) IR LR

1.3 SERTZERE

il

FIH Applied Biosystems 7500 SEif iE £ PCR X #5401 PVFWRL FIAHX ik &, PvActin fE NN Z, %

FEHTRR 2 AACT S R E SRS E S L SIS B PCR B4 FWRL-F/R(E LR PVFWRL

] cDNA 751 %1t .
1.4 FKRHE

e PE5IY) SL-FIR(ER 1)4 #h i 5L R Fp 41 (AN HE 2 13505 17), FIA] Hind 111 A1 Spe | BYIAL s IE )
i Nk pPCAMBIAL300-GFP H1, #J% PvFWRL Y4 i & i %k /4, v %N pCAMBIA1300-GFP-PVFWRL1.
KPS SG-FIR(FE 1)¥ HaHum A4kl H 8 E T 5 rf PYFWR1 300 bp f4F 214 A B, I BamH | 5 Sal |
B DAL p 34 A B 146N pBPMV-IA-V2 # ik, fiv %8 pBPMV-PVFWR1. H¢ 55|14 OE-F/IR(F 1)
PG EE R T 51, FIF Neo | fl BStE 1 BV 2 IE M6 A i p)CAMBIA3301 1, #4%# PYFWRL i ik

WAk, #r4 N pCAMBIA3301-PVFWR1.



1.5 I 4RAR ZE AL

FIH PSORT (http://psort.hgc.jp/) il PvFWRL 41 i 5 17 45 R . ¥ = 4 i ki pCAMBIA1300-GFP-
PVFWR1 LK pCAMBIA1300-GFP #4410 A AT # GV3101, i M5 2ok 4% 1k J5 1 GV3101 S A\ 3 6-8 /&
K/NFHELR e gt MREERER 1d, SGIERESR 1d, (EHBOLILERE BB GFP(E 5.

1.6 BPMV N SaYEELTER

BPMV A G (S RV ER ARk R 7755 8 Zhang PV 073k, WeAH 3. K pBPMV-PVFWRL il
PBPMV-IA-V2 7 5l 5 EE i ki ik BPMV-IA-RL WA, FIH TIRBXFLESE, R 8 8RB T 5w
MEEAEIE TS, A ImL S S SRR PR 2R3 BT7 0.5 cm ALF1 1.5 cm b5 H4L— L, RN
FESAL, FOTNMIERAL, MESHLE RS FORITEN, RS AL SO B i I T Ay el iy . A
RIEAE TR I LA IE T G ARARIE X B2 CK, #efl pBPMV-IA-V2 Ji S IAEIEAE X B4 MOCK, 3%
5.3 S

1.7 XS ERIRFEL

W34k pCAMBIA3301-PVFWR1 L)}z pCAMBIA3301 34k KHRAAT I K599 KB AZ A, Bafhi
WG 4 HESGhH, SMERFEEAEL, BERFE 1d, EWRRET7d, FEWRIRELE, SHyIER, %
MBI P ERIRGE S K 14 do EAIER KB99 WK RS 3 SHEMKIE AN A CK, Hf
PCAMBIA3301 H A FFIAEEAE T B4 MOCK, X4l K599 B Ik ) 148 I+ AR B st 1R

18 fumltEE

R WA AL SRR 0] 5 RO BR R MR ARG 2 SR B, e 7 d R A RO Ol P
A AR OIS B R R AL 2 0 S B, Fe A 14 d S5 T AT AR RO 1L

1.9 EFEENE

FEMBUR AR LA T T A BEME R E T 3 S DL R B SE T R SR DNA,  E
DNA K, 2 alEAIKEAK. BT S DNA LK EET 3 54 )7 DNA fENERTIS &, %R
DNA BB 6 MRFERSEE, 205109 100, 10, 1. 1x101. 1x102. 1x10° ng/uL, FJf RT-qPCR f%E
FVESIY) Fop-FIRGE 1)BEATY 4G DL CrAE/E AR, DNA 5 B B0 BB AR i AR 22 il B v i 45
FAHRERNATTRE . SREEFFAEZH IR 14 d 5 R 2R AR AR ARG 20 SR T 7 d 5 %
D UBRAE R 32 DNA, % DNA WK 50 ng/ul, FIA] RT-gPCR £55%, #R4E 43 2109 =3 77 1t
S I e (R 1)



@& 1 Fop DNA ¥rifEphsk

Fig. 1 Fop DNA standard curve

& 1 ARSI

Table 1 Primers used in this research

GlL/ER SFEHI(5-3Y) FEUIAL R SIYH®E
Primer name Primer sequence(5'-3") Restriction enzyme cutting site Primer usage
PVFWR1-F TGCATTGCACTATTCCACGC "
PVFWRI-R ACCGACAACCCAACACTCAT 9DNA/CDNA §"
Act!n-F GAAGTTCTCTTCCAACCATCC RT-qPCR P42
Actin-R TTTCCTTGCTCATTCTGTCCG

FWR1-F GCCGACTGGAAGGCGATCTC RT-GPCR
FWR1-R TCGGCGAGACTCACTACACT - 4

SL-F ATCGACTCTAGAAAGCTTATGGCTTCTTCCTTC Hind 111 T R o 2 b 2
SL-R GGTACCGGATCCACTAGTACAAGCCTTCAACGG Spe | AIESERLS =
SG-F GAATCCTCTGCATGAGGATCCTGGAATCTCGCCGGCGAT BamH | BRSO b
SG-R CTCTCGAGGCCTGGAGTCGACACATGGAACACCACTGAC Sal | A RLAS =
OE-F GGACTCTTGACCATGGATGGCTTCTTCCTTC Nco | e T e o e e b 7
OE-R ATTCGAGCTGGTCACCTCAACAAGCCTTCAA BstE 11 HEPULRIL BRI

NRIZE e SR UL - AR TSR V)AL R

The underlined sequence represents the restriction enzyme cutting site ; - represents no restriction enzyme cutting site

2 ERS5H

2.1 @R E PVFWR1 EE g5 55571

PVFWR1 3£ [A gDNA DL Az cDNA F41 50 & 8, PVFWR1 %X gDNA 5 ¢DNA 4K 1104 bp,

BIZEE R — NN & T2 (B 2-A, B). PVFWRL ZEF RIS 367 NMEEME, 7 34 LRR Zifgifi 1/
LRR_8 #it41d, J& T LRR-RLKs ki (Kl 2-C). AR HTEY], ZEAEE 128 1 o-12)E,

i 1.9%; A 184 MM FNAE R, & 50.1% (K] 2-D), it
W - 5 TE A il RS R BRI S, IR -4 B O T R g D 1 R A R R,
Hopth — 2458, FIFH Swiss-Model #ff:, il PVFWRL 8 A =245 0, KEB 4 X3 AT {5 BE7E 70% LA (K 2-

i 34.9%; 48 NMEfEE, 5 13.1%; 7 B-iTE,

E).



PVFWRL & (AT /3 F i &4 39.14 KDa, B pl v 6.51, HBi/KEHUE & 2.889, ok /KEUE NI K-
1.994, JFHAE PvFWRL & H oK R ER 2, MoK PEE AR (& 3-A). X PVFWRL ESEX L
BAE 5 IRBAT 00T, RIS IR 7 5 B B IR M, I HLEE 1 % 20 MR A 155 ke,
J& T4 E H (K 3-B, C).

A: PVFWRLZE[E PCR ™™ 4); B: PVFWRLZ:FZiH; C: PVFWRL AL, RRRKEAERME; D: PVFWRLEA L5, /UL
REIERALE; E: PVFWRL EAZHEH, WOXKERRIELRT 70%, #EXIBEREEN 60% - 70%, 406 X IR m 0 {5 /N T 50%
A: PCR amplification product of PvFWRL1 gene; B: Structure of PvFWRL1 gene; C: Analysis of protein domains of PvFWR1, the bar represents the amino acid
position; D: Secondary structure of PvFWR1 protein, the bar represents the amino acid position; E: Tertiary structure of PvFWR1 protein, blue regions indicate a
confidence level of greater than 70%, orange regions indicate a confidence level of 60% - 70%, red regions indicate a confidence level of less than 50%

2 PVFWR1 B E 5 [ & BB 5T

Fig. 2 Cloning and protein structure prediction of PvFWR1 gene



A: PVFWRL HFSEEK AT B: PYFWRLEAG SR C: PVFWRL 1 E5BEX 5347
A: Analysis of hydrophilicity of PvFWR1 protein; B: Analysis of signal peptide of PvFWR1 protein; C: Analysis of transmembrane region of PvFWR1 protein
3 PVFWR1 EHIIHEFR

Fig. 3 Prediction of PvFWR1 protein function

2.2 PvFWR1 EE 52 4% 7 17

PVFWR1 3t [A £33 = S TR RHA] A 3 51 B Xt o i B, SUEGHAELE] cDNA FRalf7A4E 12 MiAE 7=
St Hoh 4 ANARR CRAE, FE 4 MEERZE ST (B 4-A, B). ] DNAMAN #F43 Hr PvFWR1 5[4
JRE)TFIFI(ATG LiiF 2Kb), RILHUBA R 751 22 450K (I 4-C), DRI, HEIIHURAM KA 275 51 2
SIAELETT AE 2B PVFWRL SR RIE . [AIIN, K PVFWRL Frdafid 2RI P4 5L . SE0. /N,
HE T KRGS S RHEY R JEE R W E R T AL 00T, RIL PVFWRL SELE SRR RECONARIT, &5
P& 7 H1 AR IS 21 90.91% (& 5).



A: BUBEMEHR PYFWRL 2[5 cDNA P41 2S00 5 B: UM RHE] PVFWRL SRR 7 512 R s C: HUEARHE PYFWRL J& 3l 137 1 22 A0 £ 7

thRid: FPAZERALA: R BURMEL S @R AR

A: Differences in PvFWR1 gene cDNA sequences between resistant and susceptible materials; B: Differences in PvFWR1 amino acid sequences between resistant

and susceptible materials; C: Differences in PvFWR1 promoter sequences between resistant and susceptible materials; Cyan markers: Sequence differences; R:

Resistant material; S: Susceptible material;



& 4 PvFWR1 EEEMBEARNENER

Fig. 4 Differences in PvFWR1 gene between resistant and susceptible materials

B 5 PVFWR1 & H (%R RN

Fig. 5 Phylogenetic tree of PvFWRL1 protein

23 LB YT PVFWRL HEEFRIAER

KH RT-gPCR AR 701 PYFWRL E:REHURA B LR S LB R E = 3 S, 2. H4E
AL P RIFIR RIEE . ZREY], PVFWRL JEREEGUBA RS AN H A kL, fEMhfRIAF &,
ke, FERTREFREERI: R, PYFWRL HEELEGURARL & H 0 Rk & m TR ROR A B i
wikg, WPRILERERMEE 2.0 %, 2T UL P RIEE R BN R 1.4 58 6-A). H A
Fop-DMO1 Ftk/a, PVFWRL FEPEIZEHUR AR B3I T W] B THMl, 7ERMR IR S8 72 h Al
120 hikElemy, 2 RIOHEMHETRIE KT 2.7 A1 4.6 4, W] PYFWRL S DR Wi S Ak 2255 5 i 81 ) 1R (1] 6-

B).

A: PVFWRL SERIHGES R RIE MM B: PYFWRL IR A5 A ek it
A: Gene-specific expression analysis of PvFWR1 in tissue; B: Relative expression of PvFWR1 before and after inoculation

6 PvFWR1 EEFRIAER T

Fig. 6 Analysis of PvFWR1 gene expression pattern



2.4 T 4MBE E AL

9T HEFE PVFWRL 7840 I 4k K, I PSORT (http://psort.hge.jp/) T 2% 85 £ 76 4 i i b %
Ko EHER BIESHAE PYFWR1-GFP il 8 AR 50K S 4 i rh i ik, 45 R 7k PYFWR1-GFP
Rl B I EAE MR E SR B S5k, GFP R /R0 AL 40 M 2 20 i o S5 R B a0 e, R
PVFWR1 {EAH L - RIE (K 7), SR 5.

7 EABERISHT PVFWRL REA T EER

Fig. 7 Subcellular localization of PvFWR1 fused protein

2.5 PvFWR1 B E ThEELEUE

X LA T S A BPMV JETE 14 d J5, BRI 7 I00 2H0 0 AR, R T AR 4
4 WE—RA RT-gPCR Kl 28— =HE M) PVFWRL F:RIRIA =, SRR, Hb 9 ANkt b
i) PVFWRL FE K RIA 8 T, TIRIREZER K 43 5, &/ 2.7 £, SHIXERRET PVFWRL J B A
FIFEEDIER(E 8-B)o #AJA, MiX Ul ik R T B LA SR AR 2 R, 7 d S A R T
e PUMEHESE RN, 9 MRRIFRWI N 5 9, Ho 7 MERBRIAIREAN N 5 %, Fiok 2 -5
FREGRIFGAN 330 3 f 7 %%, [FEF, CK Al MOCK “FHIEMBAM»5HA 3 fl 2.3 (B 8-A), Uil
PVFWR1 % R UUER Jo AR 2 ST RR AR 0 — 20 X M AR O SR B e JE AT 0 b, S5 SRR, 9 MR
UUBR A J T e JE i AL AR Y B3, ERIRRE B KON 4.4 65, /oy 2914, JFHERREE T
VR BRI R B e TR (K] 8-B, C). LrG /i Rk & . Pk % e 45 R UL 5 i &
FEE, ATDUE HUTER PYFWRL B DR REf% B AICH bR 1Ak 2 it



MG 3 F4HiHA KB99 KMLRATTE 7 d 5, W B BRI iAEE Kk, R BIRAR AR 2
FRIOIRM R A, 14 d J5 R RT-qPCR ALl PR EAIRIR A PYFWRL ZERIRIA &, 40RKW], f 114
FARTIRIR T PVFWRL JERER A& B, EEEE R Ky 5.8 %, &/ 4.2 £, UiHIXLe Rk
PVFWR1 5 K AN [RIFE B A (K 9-B). SRS, W IXBCHBRR H S EM R, BeRhRhZ 00 R, 14
d ERAH RPN FivEHESE REY, 11 DRREFEAHEN 6.3 %, Hrb 7 DSRS0
NT % FA AARRREIA SO 5 2 [, BATHER S CK M MOCK VYA 40 73714 8.6 Al
(Kl 9-A), HtH] PVFWRL R Rk JE MG Zm BTt T o b — 20 Rk 100 B o e B AT 0 A, 4
REH], 11 AFE PR A B S B E S S T AD AR EE Y TR, IR RO 5.1 %, By 3.4
fr, JFHIEERRE S ERERROR, AR R e > (8] 9-B, C). LR M ikit R R R, Hitk
RS RV SRR BB R, P LAE H PYFWRL (R RE RS AR AR AR 2503 i PR3 ot

LR I SR B A AT BRI S5 S, IAA PVFWRL J DR R 25 i ik S A

A: PYFWRL UTBRIERRE B 2 A S T4 IE. CK: BFA:BUfEAMK: MOCK: T AHMEM: SG: PYFWRIL UTERMIKE: 835 35 BN H; B:
PYFWR1 A%} #ikdt; C: PVFWRL WUERHM AT F o R B AR A4 ASRVNS T RERORAE P< 0.05 AKFZE R 03
A: The disease symptoms of PvFWR1 silenced plants 2 weeks after inoculation. CK: Wild-type plants; MOCK: Plants inoculated with empty vector; SG:
PvFWR1 silenced plants; Longyundou No.3: Sensitive control; B: Relative expression level of PvFWR1; C: Relative pathogen biomass in the leaves of PvFWR1
silenced plants; Different lowercase letters indicate significant differences at P< 0.05 level
8 PVFWR1 EEBN & @R EHER AR

Fig. 8 Effect of PvFWRL1 gene silencing on resistance to fusarium wilt in common bean



A: PVFWRL i RIAERIERE 2 G ERE. CK: deiibiitk; MOCK: ZS#HAkFIbMilk; OE: PYFWRL I FRIAMM; TWEFE: Pumsif;
B: PVFWRL X[ %A% C: PvFWRI iEZIEMRI A b SRR A 2B R ARG T RERIRTE 0.05 /KT Z R 22
A: The disease symptoms of PvFWR1 overexpression plants 2 weeks after inoculation. CK: Non-transformed plants; MOCK: Transformed plants with empty
vector; OE: PvFWR1 overexpression plants; Tuheyaozidou: Resistant control; B: Relative expression level of PvFWR1; C: Relative pathogen biomass in the
leaves of PvFWR1 overexpression plants; Lowercase letters indicate significant differences at a p-value of 0.05
9 PVFWR1 £ E @ FEx E BRI HERMIEATE

Fig. 9 Effect of PvFWR1 gene overexpression on resistance to fusarium wilt in common bean

318

PVFWR1 JEK TN &1, CDS 4 1104 bp, %ifd 367 MR, BT LRR-RLKs HKiEEH, fEHUEK
M EHE CDS FPAUAFAE 12 Mg RAR, b 4 N AER SCRAR . #EfikiE, LRR-RLKs /& PTI &G —1
REEARSR, HArRIER SRS &, HEm e i ) SO S B B (A LB e e, 3t —2B e ah
F SRR RS, FEAE 50 AR ELU) v B A ZE AR ) R AR o i s R EE, PVFWRL
S NIKL, PEPRL PAR/KRE ) SERKL. BAKL 25 IR HA [FIVEME . NIKL 785 28 B R A )
15 AL A1 ke 81 B A £ T T PEPRL MIE S WU & =L Z IKME S Pep 1, S 5P s i M2127
281, OsSERKL i F XM b fRI K R B8 (R ik 2 4R i ™); OsBAKL iiid 55 NADPH %L RbohD H 2 H.
VEARBERE MM F= A, G B TR HCAE 3 5 i 42 R B030 BRI, eI @ b i) FWRL 5 B 7EHRAR A=
PP T RAR FRE AR, BN 2 REE S 38 0 S BB ST RN R IR . A
THEFE PYFWRL X5 J B FRIME S AR, 0 S b R e S S R A T A 2893 JR T4 Fop-DMOL B&i ki 0.«
24, 48. 72, 96. 120 h HyFERIFRIEEMATIRN, SR ADEREFHIEE S PVFWRL EHURA R T IRIE



TR AT, TERAMR A S 72 h A1 120 h, RIS EIA IR, BRI R IR K1 2.7
4.6 fi5, WAYIE UL PYFWRL IE [ 1 38 58 G AL Rt
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