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Abstract: The resistance risk of Alternaria alternata to azoxystrobin was evaluated. Mycelial plugs of
the sensitive parent isolate J6 was inoculated onto agar plates amended with azoxystrobin and the
conidia of J6 was induced with UV irradiation. The biological characterization of resistant mutants was
studied, and the resistance mechanism of mutants was also investigated by the full-length cDNA of
target gene cyt b sequence analysis. Seven mutants of 4. alternata resistant to azoxystrobin were
acquired by UV-induced mutation of conidia, which exhibited a mutation frequency of around 0.007%.
The resistance ratios for seven mutants were 5.27, 8.28, 25.28, 12.82, 6.14, 9.28 and 52.91, respectively.
However, no mutants were obtained by mycelial plug transferring on the agar plates amended with
azoxystrobin. Studies on biological characters of the wild-type and mutant strains of 4. alternata
showed that all resistant mutants and the parent isolate J6 had equal abilities in the conidia germination
and pathogenicity, while resistant mutants had higher conidia production ability and stronger mycelial
growth ability (except mutant 6-1) than those of J6. Sequence analysis of the full-length cDNA
sequence of cyt b gene showed that there were different point mutations on four mutations of 4.
alternata. Mutant 6-7 showed mutations at 249 and 871 positions (T mutated to C), while no amino
acids mutated. Mutant 6-8 had a point mutation at 734 position (T mutated to C), which resulted in
alanine mutated to valine (V245A). Mutant 6-9 had a point mutation at 510 position (T mutated to A),
which resulted in arginine mutated to serine (S170R). And mutant 6-11 had a mutation at 732 position
(T mutated to A ), which resulted in leucine mutated to phenylalanine (L244F) ; had a mutation at 776
position (T mutated to C), which resulted in valine mutated to alanine (V259A); and had a mutation at 1 156
position (A mutated to G), while no amino acids mutated. These studies suggested that A. alternata has
the potential resistant risk to azoxystrobin, and the mutation of cyt b gene in 4. alternata was related to
the resistance to azoxystrobin.
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1.1 RERRERENS

W R B E A. alternata BURHE B T6
(MK922251) FI C2 (MK803324), Hi&t/H% HHE R
LT RE S = E R E . Hd, Je A
TR EE RS, Jo F1 C2 ¥ T &
7 B9 B 4H L€ 2% b R (cyr b) cDNA 53 #r .
LR E MBI E R 7R (PDA Bi itk L5
A 200 g HIAIPE 20 g IHJIE 20 g, ZEAEK
1 000 mL) FH T Ji g 0 s o] e AU R 5 49 A2
7 15 5 T R T TR ORAT s 5 % 2 8 2 R R A
Figedk (PD Kioidk: R HRE 200 g HiG b
20 g ZEME/K 1000 mL) 95 JE B (R4 15 57
1.2 255 R

99.9% ME g (azoxystrobin) J& 2 H 35
Sigma-Aldrich A #], ¥ T HEEELAEL 1.0 x 10* mg/L
PIRE; 55 B AL s AR M HI R K % 5. (SHAM,
99%) M H 32 [E Acros Organics A #], ¥ T FEEAC
B 1.0 x 10° mg/L (B . I TE KK ik BEB R
B ARIIKERZ0, T 4 C B &4 TR,
# . AW PEERARI S EUNT 0.5%, BLIKEE
{14 PRI 52 M 0 7 B2 5 BT 0 A 6 (R R (B
BE) o DA AH [F] 44 AR 43 H5 R (1) b B A Dl 2 3 %)
f#. Fungal RAN Kit (D3390-01) E 1% RNA #Hi
&, W H 3 E Omega Biotek Inc A 7] ; FastQuant
cDNA 5 —8 & A & (KR106), W H KRR
B At AR AA]; PrimeSTAR® GXL Premix
(Code No.RO51) I, WHHFEAEY TIE (RiE) FIR

NS

1.3 IMRTENIES

EAMFHARL: K HUKE L J6 T PDA PRk
TiREFE 4 d, fEWELGHIIER S mm 1) FE,
BT PDA PR L, 25°C 3% 10d J5. FILHK
Vel 1, MR N EZET S 1.0 x 10° M4
PR R, & M4 S 100 mg/L 5 g (1)
PDA P, WL 100 pL 43257 2 s A 1%
R, Wik 2h G, ETEAMTF@OW, EH
FEES 15 cm) B 20 min, FESS AR E T 25 C
ER BSR40 P B B 9% 7 do MK H R B VR L &3k
WD 2 gkt g%, B, WESAEMT
oK H A6 T8 100 mg/L W5 BE ) PDA Pk b
AT R AERKIGUE, RE IR AE K PR BT R
A

2570904k AETIES IR 4 d MR L ST IR R
S mm fIE G, BRI TS 500 mg/L MG PDA
Pk, 25 CHIEIEEE SR, BHEMIERAE R K H
Mo FLALF 200 N UE, KRG R AR S
500 mg/L M B fig (1) ~F AR B AT AR K IGAIE, BERS IE
AR U RAR A .
1.4 ERSUEMENE

SR FH L 1A R 5 0 B iR R TR AU A
Pt R A A o 1 R I8 PR UM E o 20 iR 0.50 mL
FREZS 0.50 mL 7 BIFHIE A YA, B
100 pL SR S0 T8y £, BT IRIBHE:
FrA, 28 C. MG TR 12 he MEEFE R
AR IR B 2 A B B FE 43 i 0 6.25,
12.5. 25, 50 F1 100 mg/L; 7E 100 mg/L /KA 5.
PhIELR e B 1 e 2 AT B VR 4 R 0
3.125. 6.25. 12.5. 25. 50 f1 100 mg/L. M= H
X B 7t R IE F 90% LA L, KA % AbHE
TEIRMEN, UM FEEKERTHRTMEET
BTALONE K. RIS 3 K, BENLILEE 3 ML
By, WA T SEAST 200 4, dERMTHHK
B A1 S, R A (1) M (Q2) 7l
B PE LI T I R 3 S 2

R/% = Ng/Nyx 100 (1)

1/% = (Ry—Ry) /Ry x 100 )

X)) F, RAMTEHKE, Ny BET K

B, NoNRERTEEG Q) TR

XIHIE, Ry AN IRAL TR, R ONALEEAT
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DARIURR S A B R ot R, 0 S % 2
RAMKII L KBS BETAR LR AT
PR A A R R S R M P R B0 T
151 WeEKANE MR 4d WEEL
GBS 5 mm R D, BT o2 PDA A
g, 25 °C BEEFKMFTEFE, 6d FiERTFEX
FENEEEA. BAEK3 RES.
1.52 4B TFESHAFEMNE S Caten
SR B E TR, e S A R
BARIEFIR B fFRe 1. fER—FRN, H
5 mm EAEHT L8 2 mIAERE B T8 14 %% 2 mm AL ANEE
B O 2 mm A0 ECEE OF s A &b & BE AL Bk EL
3AEYE, SIFE T 2mL BOoE . mEoETh
WX 1 mL EHEAK, WiE20s e FoEMmT, BT
T TR A TR, THE A IR L
. MWk 3 KER. oEM TR E i
1.4 T 7iE#AT .
1.53 B ANE  SRABE &M RER 0 E %t
2y RARR IO J . B ARIEEL 3 7 TG ) AR
AR, TRy [R]— AL o ) AH [ P4 11
G DAL R EAE S mm B, BT 28 C. M
SHEE > 80%. K 12 h J6E/12 B 4 4F N 1
75, 5d JE MBS B RGN . TR Xk E
BURBEEAS, R & RBEERNBURHR, K
T3 T AR PP FL 300 ),
1.6 cytb £E cDNA ¥ E5FFSH

V4 BBURR TR R AT A AR T PDA AR b Tiss 9%
4d )5, TEWEDLG D RS NEZ S mm [13H
i, IO 150 mL PD yifAkRs RS #28E 4 d, B
FAT NI UEIRAF B R 22 . K Fungal RAN
Kit, 287 & s FH 1 B $2 B A TR PR A P 1 R
KK RNA. FJH FastQuant cDNA 5 —85 & &
WREL, K RAAR A UR B AR 1) RNA R 5 il
cDNA. FIHAK 5% (RC205): RC205-UF (5'-
ATGAGAATATTAAAAAGTCATTCAATT -3")
RC205-DR (5'-TATCATGATATATTAAAAA-
AAAGTTCG-3") X4t & b ZE K 1 cDNA 42K
FFAHEAT PCR Y1, 1G24 4: PrimeSTAR®
GXL Premix M 25 uL, RC205-UF /% RC205-DR
% 1 uL, Template 2 uL, MIEZE/K 21 pL #MEE
50 pL & F& . PCREIRZEAFJ9: 95 °C FAZ M 3 min;
94 °C £ 30s, 55°C Bk 90s, 72 C EAH 60,

L35 ANMER, AT 72 C &4 10 min. PCR 7*
Mz aitk)E, SR pMDI19-T (TaKaRa, D102A)
PER T EH R ER A B, BRI S % T
KA TAY TR B (k60 ARARMFE, 28
RARK cyt b 1] cDNA BfidE J LIRS A Dt o
1.7 BIESHh

¥ A Microsoft Excel 2010 %4347 £ 45 4b
B, DA AR B B E B R A AR, LUK 5 A
a3 R A R A R B A AR, ST R
TEVATTRE, FEREAT AR OCPE 2 A, o B0 s B 5 417
HFE 7] & K ECs . @I DPS (7.05) #AFREAT
Giit . WiEAR 3) iFHE PR A Pt
55 (Rp) -

Ry = ECs0(x)/ECs0(s) 3)

A, ECso (x) ABME R X 1) ECso 1H,
ECsg () NBURTERR ) ECso 1™, K NCBI BLAST
BRA 53 W1 RA AR K 5% A TR PR 1) AR SR AR R
FAIER -

2 RS0

2.1 MAMRTEHENES

SERERM, il = 2 IR T R IR A
SO IR B R RS W T T P o S AR AR, 1T 4
R ANE G L3RG 7 RRPUIERARAA, 4
27 6-1. 6-3. 6-5. 6-7. 6-8. 6-9 % 6-11, iFHAL
F A 0.007%-
2.2 ERRMNE

7 0~100 mg/L MR TT R JEVE R N, Bl W
PRI T A B AR B v, 0 AR T A R IR A A
Bz g (£ 1). o, BEEES 100 mg/L Bk
VERIR, SEARHE J6 2AMTFARREN A, MR
KISARERR K . #E 100 mg/L KBISBRIIHET, 3¢
ABEARK J6 3 A= F0 15 W5 TR 6 T F R FE N 6.25 mg/L
RS BEHG &, 10 RALARER 6-8 45T REAE M5 B iR
e i IR TR IR (100 mg/L) N i & o

WAL R, BT PU 25 M 58 48 R 0t s B i 11
BN 3 A T B . 5 R TR B R R, )
AT R 785 K I ECso 155 5.66 mg/L, 1 %f
AR ECso 153 > 50 mg/L; 7E 100 mg/L 7K
Wl B W TR, BB B bR T i R
ECso {4 022 mg/L, TR ECs, {3 > 1 mg/L
(#* 2).
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Table 1 Conidia germination sensitivity of 4. alternata to azoxystrobin among sensitive and resistant isolates with
the synergism of salicylhydroxamic acid
TR R
sl R Germination ratio/%
Treatment Mass conc./(mg/L)
J6" 6-1 6-3 6-5 6-7 6-8 6-9 6-11
I 15 Fig azoxystrobin 0 98.03 a 99.00 a 9220 a 99.00 a 91.50 a 97.00 a 100.00 a 91.60 a
6.25 53.90b 85.50b 90.00 a 80.0b 90.00 a 88.30b 88.30 b 84.90 b
12.5 42.60 ¢ 67.51¢ 71.60 b 64.0c 70.80 b 80.00 be 76.40 ¢ 78.20 ¢
25 38.83d 66.70 ¢ 60.20 ¢ 63.10 ¢ 60.90 ¢ 65.80 ¢ 7290 ¢ 76.10 ¢
50 20.54 ¢ 43.82d 50.70d 62.80 ¢ 54.80 cd 65.30 ¢ 69.40d 67.80d
100 0 3371e 40.70 e 56.10d 54.00d 54.70 d 3920 e 5470 e
B G+ K 0 99.00a  98.00a  100.00a  100.00a  100.00a  100.00a  100.00a  100.00 a
azoxystrobin+SHAM 3.13 150b  4270b  41.30b  5920b  49.10b  37.30b  3670b  85.00b
6.25 0 3350¢ 33.00¢ 4420 ¢ 41.20b 22.70 ¢ 32.51b 50.41c¢
12.5 0 26.25d 28.80 ¢ 3550d 30.00 ¢ 20.00 ¢ 3040 b 36.10d
25 0 25.50d 15.30d 32.60d 26.70 ¢ 11.60d 16.10 ¢ 2940 ¢
50 0 24.20d 1470 d 9.30e¢ 17.50d 6.00 e 15.80 ¢ 28.60 f
100 0 14.80 e 740 e 530e 14.10d 0 3.30d 25.60 f

e FSEE R AR NG FHRERIRTE 0.05 K TFEREE . J6 NPURER, JRNTLERAL A,

Note: Different letters within the same column represent significant difference at 5% level. "J6 was sensitive parent isolate, the others were resistant

isolates.

x2 BEEEREEKGERNE T EERERE
R REFNF NI ER
Table 2 Toxicity and resistance factor of azoxystrobin with
salicylhydroxamic acid to the sensitive and resistant isolates of
A. alternatathe

ECs¢/(mg/L)

17 EINER R
Isolates W A W B B+ KA 5 T Resistance factor
azoxystrobin azoxystrobintSHAM
J6 5.66 0.22 —
6-1 54.04 1.16 5.27
6-3 73.62 1.82 8.28
6-5 445.55 5.56 25.28
6-7 123.02 2.82 12.82
6-8 213.50 1.35 6.14
6-9 84.14 2.04 9.28
6-11 239.77 11.64 5291

e 6 NBUREM, AR .
Note: 'J6 was sensitive parent isolate, the others were resistant

isolates.

2.3 MAMRTENEDZEFNE
ME s KR, SRVBAHLEKEE,
FeflE . TR KBRS SEAR R RAE
ELI AR R Z R B 6-1 4h, 4 6 bRk
(R 22 AR KRR I R AR TR R R, s R
6-5, HIX5 5 N 6-3. 6-9 Al 6-8; &AL
BY R TEAREE: SRBERNMTIHREYS

SEARMRAE Y TEEUR I AT, Frf AR AR 6E
FCDRZ G, AR (€ 3).
2.4 IMRTEFMFELRREN cyt b EEH) cDNA
F55#h

F S S 514 RC205-UF #1 RC205-DR %
TR A IR B 1 AR AR eyt b FERHEAT PCR ¥
B, By ABKEWAE 1200bp £4H, FHUE
afifk. HEd: pMDI19-T Hfk LM FF, Ik 7%
AE PR J6 (MK922251) FIZRAZAEK cyr b FEH K
cDNA &K 75, xR i MR 5 500 W
BBUBC R B J6 AT C2 1 eyt b FEIK] cDNA 41 58 4 A1
s 3 BRPUMHERAAE (6-1. 6-3 Al 6-5) HoE AR bk
1E eyt b R 5 4—8, REIZERRAZ: H
A 4 BRPUIERAAE (6-7+ 6-8 6-9 Al 6-11) (K] eyt
b 5 cDNA WAEA RS S E=ET AR, H
W, RARR 6-7 7 249 7 A1 871 L. 6-8 1 734 fif
BIRAT SRAE, MR T RN C; AR
6-9 7£ 510 7 FAZEFER T /AN A; Btk 6-11 1£
T2 N HHAZTIR T RN A, 18 776 1 A H
T RAR C, £ 1156 L7 HIZ IR A RAH G (K 4)-

cDNA Zmfd & B 2= S £ M. HEAR
W RRFILL, RAZIR 6-8 7F 245 (L HAAR V KA
NHRIR A; 6-9 1F 170 AL HZ AR S KA NG
% R (S170R); 6-11 7E 244 i N AR F BT
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Table 3 Biological characters of the resistant and sensitive isolates of A. alternata to azoxystrobin

Biological characters
itk —
fsolate s e /(o) OHERT RS i)
Myeeli a Conidia production Lo S e . P 2
ycelial growth * /mm P 2 Conidia germination ratio /% Virulence Y/mm’
in vitro */(per/cm®)
J6 40.50 ¢ 1.53x 107 e 98.00 a 199.33 c¢d
6-1 39.81¢ 330x107a 99.00 a 151.00d
6-3 46.25 ab 2.80 x 10’ b 92.20 a 219.33 be
6-5 47.63 a 2.80x 10"b 99.00 a 245.33 be
6-7 44250 3.44x107a 91.50 a 253.00b
6-8 45.00 ab 229 %107 ¢ 97.00 a 322.00 a
6-9 45.88 ab 2.90 x 10" b 100.00 a 249.33 b
6-11 4475 b 1.78 x 10" d 91.60 a 256.00 b

e J6 NBUREMR, HAAPIZAERAE M. 1i7E 6 d FITHREEER (n=23); "}i7% 6 d BT E (n=3); <7 12h FEAERTH
PR R (n=200); 555% 5 d JEAEBARM T EREURTE . FVEREARR/NG 7 EERRLE 0.05 K FEREH (P=0.05).

Note: ‘J6 was sensitive parent isolate, the others were resistant isolates. * Mean colony diameter (mm) measurements 6 days after incubation (n = 3); °

Mean number of conidia per cm? of colony 6 days after incubation (n = 3); © Percentage of germinated conidia 12 h after incubation (n = 200); ¢ Virulence

ability on tobacco leaves; Disease areas on detached tobacco leaves 5 days after incubation. Different letters within the same column represent significant

difference at 5% level(P= 0.05).

R4 MERTE o b BEE cDNA 2 KFIIREN SR
RS HY R EBR T R LR L X 534
Table 4 Different point mutation comparison of cyt b gene
from both the azoxystrobin-resistant mutants and sensitive
isolate of 4. alternat in full-length cDNA sequenceand
amino acid sequence

cyt b 3K cDNA it ) B L R

Bk ERKFHIRAEL R 3 FIFRAEAL A
Isolate The point mutation of the The point mutation of the
target gene cyt b amino acid

6-1 7 (No) % (No)

6-3 7& (No) 7& (No)

6-5 7t (No) J& (No)

6-7 C249T, C871T 7 (No)

6-8 C734T V245A

6-9 AS510T S170R

6-11 A732T, C776T, G1156A L244F, V259A

SRR L, £ 259 AR A BT AR
V; RAMMK 6-1. 6-3+ 6-5 [ 6-7 NI K A & it
FRRAL (3R 4).

3 RS54t

HE B R B R AR D S A, I R R R R
IR, SRR B A T T A R BUS e i
J&, B T3 o SR AR BN R 2 A8 KB E HR
IR Z RN, BRI E
o] R R 2R 0, T RO — MR AL T
MBI, A0 2 MR (TR TR A

B FTF A R S = A, AT B 22 AR ) A e,
H#r o 7e 70 RAHE KK 80 ZFEY) L3k & id,
TN T Z2FEY L RS (Alternaria
spp.) HH T EURERIMIG . BEEEET 2001 FEFH4H
FER E G, B TR AR i ol R 0 ok
P55 T B IE o AR TR I 7 R 3B AR 1 Ak
TR 2R BB, 5 H TEH E R A B
IEAED, HE ]R85 25 AR SO FAT L
EBRSA K,

IR T Je TR X s T S 470 ) ) R A R R R
T8 . 2 T ROE D I % i B Phytophthora
infestans X VE R R Ptk ik 52.87 587, HHEEE
W B K B 90 B Botrytis cinerea % 95 B I8 ) P 1t
O, PUiEREETIA 100 5 0L E, HORE S
NGRS FE AN RE, b R
#6529 I Pseudoperonospora cubensis %1% B lig 1Y)
PrbEAE B O il 354 5028, KB FiiE o AR 1
BAMFEAIRAT T 7 PRI B AR R 0 B R e T TR R
PERARR, RAJLRL, Pk PFEAE, Hr
PUEEEE 3~15 A 5 Bk, >25 f5F 2 #k. E
WIS A D E R, P BE AR B 2 AR AR T R R
JIFEUR /1 5 BUREZ R AR, HEZ24K
W LR SR AR B AR 2 R, XA
R85 7% 2 3 T DB AL A0 e e D BOIRAE Ok . FH G
W, AERHEGFNERE %M, MEIR
TR 7T Ae I B B8 7 80 0 0 0 s 1 I R AR
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o AHARHE T L 58 AN S RS 1 R AR R TE
[ IR 25 1 T B S B 3 87 B8 0 e 3 5 5 A Uk
PRIE ] () 58 4 D158 A Ry Tk — B AL .

PEaoE, BW Mt SmEa R
b FE (o b) FIRASA O, FEALFHE G143AM, F129L
AT GI37RI™ 3 FHRARRKAL,  H G143A RAFFIHT
PEAZE R —RRAE 100 LA E, F129L F1 G137R A%
PO BOE F E 5~15 208, /DEATRER T 5027,
AHE TR FEAEAR I ey b FeRVBAEAL SR WK
AETRAR, TR T H A SR . V245A. S170R.
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