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Identification and fungicide sensitivity of the pathogen causing black spot
on Brassica oleracea var. capitata L.

LIU Zhi-gang', YU Fang-wei’, ZHANG Wei®, YU Li*, LI Jian-bin>, WANG Shen-yun’, SONG Jiang-hua'
(1. College of Horticulture, Anhui Agricultural University, Hefei 230036, China; 2.Institute of Vegetable Crops, Jiangsu Academy of Agricultural Sciences ,
Nanjing 210014, China)

Abstract: The pathogen was isolated from cabbage ( Brassica oleracea var. capitata L. ) leaves showing black spot
symptom in Jiangsu province, and its sensitivity to fungicides was tested. Morphology observation showed that the isolated fun-
gi (HBO, HB1, HB2, HB3, HB6, HB6) belonged to Alternaria spp. The pathogenicity of the isolated pathogens was deter-
mined according to Koch’s postulates. HB1, HB3 and HB6 were able to cause disease on cabbage leaves. Then the internal
transcribed spacer of ribosomal DNA (rDNA-ITS), allergen gene (Alt al) and glyceraldehyde-3-phosphate dehydrogenase
gene (GAPDH) were amplified from HB1, HB3 and HB6, and the target fragments with a length of 511-596 bp were ob-
tained. The results of multi-gene phylogenetic analysis revealed that the pathogen causing black spot on cabbage in Jiangsu
province was Alternaria brassicicola. Furthermore, among eight tested fungicides, difenoconazole, fludioxonil, hexaconazole,

flusilazole,, tebuconazole, propiconazole and iprodione had stronger inhibitory effects against the mycelial growth of pathogen,

while mancozeb had weaker inhibitory effect.
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Table 1 Primers used for amplification of target gene

EIE B Bk e EEPUR
ITS1 5'-TCCGTAGGTGAACCTGCGG-3' [11]
1S4 5'-TCCTCCGCTTATTGATATGC-3’

Alt al-F 5'-ATGCAGTTCACCACCATCGC-3' [12]
Alt al-R 5'-ACGAGGGTGAYGTAGGCGTC-3’

GAPDH-1  5'-CAACGGCTTCGGTCGCATTG-3' [13]
GAPDH-2  5'-GCCAAGGAGTTGGTTGTGC-3'
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Fig.1 Symptoms of cabbage black spot in the field
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Table 2 Morphological comparison of six pathogenic strains
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Fig.2 Morphological characteristics of six pathogens
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Fig.3 Pathogenicity of the pathogens causing cabbage black spot
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Table 3 Reference isolates used in phylogenetic tree and their target genes and the internal transcribed spacer of ribosomal DNA ( rDNA-ITS)

GenBank accession numbers

H SR AR B4 DNA % RN IR X (rDNA-ITS) GenBank %385

ik TR 2 5

rDNA-ITS Alt al GAPDH
Alternaria agerati CBS117221 KJ718098 KJ718618 KJ717953
Alternaria alternata TCS3001 MN394879 MN410911 MN410919
Alternaria arborescens 1007-10-2 MW898631 MW541757 MW541698
Alternaria argyranthemi YZU171067 MG647618 MG647616 MG674139
Alternaria bataticola PPRI: 11972 KY099690 KY099652 KY099671
Alternaria brassicae 433 KP993533 KR051384 KR051392
Alternaria brassicicola CCPY3 MG250603 MG250639 MG250615
Alternaria brassicicola 101/1 MN173824 MN175505 MN175515
Alternaria burnsii YZU191003 MN656136 MN656141 MN718662
Alternaria carotiincultae BMP0064 EU136641 EU139329 EU141989
Alternaria carthami CBS635.80 KJ718131 KJ718649 KJ717981
Alternaria cheiranthi 903/4 MW487228 MW496420 MW496421
Alternaria cinerariae YZU171971 MH350395 MH285946 MH285948
Alternaria crassa CBS116648 KJ718151 KJ718667 KJ717999
Alternaria cucumerina CBS117226 KJ718155 KJ718670 KJ718002
Alternaria dauci CBS477.83 KJ718161 KJ718676 KJ718008
Alternaria euphorbiicola CBS133874 KJ718174 KJ718687 KJ718019
Alternaria gaisen 0407-5-5 MW898633 MW541815 MW541700
Alternaria gossypina CBS104.32 KP124430 10646395 JQ646312
Alternaria japonica 207 MN173826 MN175507 MN175517
Alternaria longipes 20NLO2 0K426388 0K469304 0K469302
Alternaria macrospora CBS117228 KC584204 KJ718702 KC584124
Alternaria panax CNU3159 JF417560 JX213296 JF417641
Alternaria porri CNU103013 JF331455 JF331543 JF331486
Alternaria radicina BMP0047 EU136661 EU139349 EU142009
Alternaria sesame (CBS240.73 KJ718231 10646427 JQ646343
Alternaria solani Egy-P1 MT996276 MT996255 MT996262
Alternaria steviae CBS117362 KJ718252 KJ718758 KJ718079
Alternaria tagetica CBS479.81 KC584221 KJ718761 KC584143
Alternaria tenuissima 0517-18-9 MW898629 MW541755 MW541696
Alternaria tomaticola CNU131061 KJ651270 KJ862258 KJ651273
Alternaria tomato MX-3 MK?226308 MK226312 MK226310
Alternaria zinnia CBS118.44 KJ718264 KJ718771 JQ646361

Stemphylium lycopersici CNU070067 JF417683 JX213311 JF417693
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44| Y glternaria agerati CBS 117221
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Alternaria macrospora CBS 117228
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Alternaria porri CNU103013
Alternaria solani Egy-P1
48 Alternaria carthami CBS 635.80
Alternaria tagetica CBS 479.81
—Alternaria steviae CBS 117362
96 Alternaria dauci CBS 477.83
100" — giternaria bataticola PPR1:11972
14 ————————Alternaria euphorbiicola CBS 133874
Alternaria cinerariae YZU 171971
94 Alternaria alternata TCS3001

Alternaria arborescens 1007-10-2
-Alternaria longipes 20NL02
Alternaria burnsii YZU 191003
Alternaria tomato MX-3
Alternaria gossypina CBS 104.32

36

34

Alternaria gaisen 0407-5-5
22 Alternaria tenuissima 0517-18-9
76 “Alternaria tomaticola CNU131061
Alternaria brassicae 433
_ 24 —Alternaria radicina BMP0047

10014 Iternaria carotiincultae BMP0064

-Alternaria panax CNU3159
46 t

38

Alternaria japonica 207
@® HB6
68 I Alternaria brassicicola CCPY3
100| Alternaria brassicicola 101/1
® HBI
98- @ HB3
Alternaria cheiranthi 903/4
Alternaria argyranthemi YZU 171067
Stemphylium lycopersici CNU070067

72

0.02
' T AL B R KT 50% 1 A R R A B iR R R B ik,
B 4 E-TF rDNA-ITS. Al al GAPDH W& FHIBES BRSNS

Fig.4 Phylogenetic analysis based on rDNA-ITS, Alt al, GAPDH

R4 FREUBHFIZEEEEREIFIHR
Table 4 The inhibitory effects of different fungicides on Alternaria brassicicola

A2 F A R ﬁm‘lﬂf oA gj%@ififﬁgw e
ATk FH BRI Y=0.491x+0.706 0.037 0.003~0.081 0.840
I TR Y=0.726x+1.020 0.039 0.012~0.071 0.956
AL Y=0.900x+1.075 0.064 0.033~0.095 0.988
FEURE Y=1.132x+0.987 0.134 0.098~0.172 0.962
TR e st Y=0.761x+0.576 0.175 0.113~0.246 0.989
[EZNA Y=0.840x+0.487 0.263 0.191~0.367 0.968
S Ik Y=0.936x+0.181 0.641 0.485~0.884 0.924

RARE B Y=0.688x-1.683 280.101 157.599~937.800 0.992
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