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Abstract

The genus Botrytis P. Micheli ex Pers., is a cosmopolitan plant pathogenic fungus, causing destructive plant
diseases and significant crop losses in a wide variety of plant species all over the world. According to
comprehensive morphological and molecular phylogenetic studies, at present, 38 species and one hybrid are
included in this genus. In order to identification of Botrytis species from different crop plants, symptomatic
plants were collected from different orchards and greenhouses in Urmia, Miyandoab, Sardasht and
Piranshahr (West Azarbaijan province) and Sanandaj (Kurdistan province). Totally, 271 Botrytis isolates
were recovered from grapevine (168 isolates), strawberry (44 isolates), apple (18 isolates), ornamental plants
(Geranium, Aloe vera and Cacti) (39 isolates) and white-headed cabbage (2 isolates). Based on comparision
of morphological characteristics and phylogenetic analyses using sequences of three protein-coding genes
G3PDH, HSP60 and RPB2, three species including Botrytis cinerea, B. prunorum and B. sinoviticola were
identified. Botrytis prunorum with 125 isolates was the most prevalent species followed by B. cinerea (116
isolates), and B. sinovticola (30 isolates). Botrytis prunorum is a new species to Iran mycobiota and apple,
grapevine, geranium and strawberry are introduced as new hosts (matrix nova) for this species. Also, apple
and grapevine are reported here as new hosts for B. sinovticola. Results of pathogenicity tests of the selected
isolates from the identified species on leaves and berries of Thompson seedlees grape showed that isolates of
B. cinerea and B. prunorum had the highest and lowest aggressiveness on both leaves and fruits, respectively
and B. sinoviticola isolates had moderate aggressiveness. There was not any relationship between the isolate
growth rate, colony type, aggressiveness and the type of plant host. The results of this study showed that B.
prunorum can be a significant gray mold pathogen in the studied area being observed in higher proportion
and distribution and its presence on new plant species.

Keywords: Botrytis, complex species, gray mold, multigene phylogeny, pathogenicity
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Table 1. Characteristics of the primers used in this study
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(bp)
RPB2  RPB2for GATGATCGTGATCATTTCGG 1200 60 Staats et al. 2005
RPB2rev CCCATAGCTTGCTTACCCAT
G3PDH G3PDHfor ~ ATTGACATCGTCGCTGTCAACGA 900 57 Staats et al. 2005
G3PDHrev  ACCCCACTCGTTGTCGTACCA
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Table 2. Details of isolates and sequences used in phylogenetic analyses in this study

Species Isolate/strain Host GenBank accession number Reference
G3PDH HSP60 RPB2
Botrytis aclada PRI006 Allium AJ704993 AJ716051 AJ745665 Staats et al. 2005
MUCL3106 Allium AJ704991 AJ716049 AJ745663 Staats et al. 2005
B. allii MUCL403 Allium AJ704996 AJ716055 AJ745666 Staats etal. 2005
B. byssoidea MUCL94 Trifolium AJ704998 AJ716059 AJ745670 Staats et al. 2005
B. californica X655 Vitis vinifera KJ937069 KJ937059 KJ937049 Saito et al. 2016
X503 Vitis vinifera KJ937068 KJ937058 KJ937048 Saito et al. 2016
B. calthae CBS175.63 Caltha AJ704999 AJ716060 AJ745671 Staats et al. 2005
MUCL1089 Caltha AJ705000 AJ716061 AJ745672 Staats et al. 2005
B. caroliniana CA3 Rubus fruticosus JF811586 JF811589 JF811592 Lietal. 2012
CB15 Rubus fruticosus JF811584 JF811587 JF811590 Lietal. 2012
B. cinerea SAS405 Vitis vinifera AJ705005 AJ716066 AJ745678 Staats et al. 2005
B05.10 Vitis vinifera AJ705002 AJ716063 AJ745674 Staats et al. 2005
B. cinerea BB4 Vitis vinifera - - MW465805 This study
B. cinerea E20 Vitis vinifera - MW465806 This study
B. cinerea K7 Vitis vinifera MW465777 MW465790 MW465807 This study
B. cinerea K20=IRAN 4282C Vitis vinifera - MW465834 This study
B. cinerea R5 Vitis vinifera MW473717 MW465791 MW465808 This study
B. cinerea R8 Vitis vinifera MW465778 MW465792 MW465809 This study
B. cinerea R14 Vitis vinifera - - MW465810 This study
B. cinerea S1 Vitis vinifera - - MW465811 This study
B. cinerea S8 Vitis vinifera - MW465812 This study
B. cinerea Al Fragaria ananassa MW465779 MW465793 MW465835 This study
B. cinerea P7=IRAN 4283C Fragaria ananassa MW465780 MW465794 MW465813 This study
B. cinerea P13 Fragaria ananassa - - MW465814 This study
B. cinerea D2 Pelargonium - - MW465815 This study
hirsutum
B. cinerea DD4 Pelargonium MW465781 MW465795 MW465816 This study
hirsutum
B. cinerea DD11 Pelargonium MW465782 MW465796 MW465817 This study
hirsutum
B. cinerea SH Zantedeschia - - MW465818 This study
aethiopica
B. cinerea AL Aloe vera - - MW465819 This study
B. convoluta 9801 Iris AJ705007 AJ716068 AJ745679 Staats et al. 2005
MUCL11595 Iris AJ705008 AJ716069 AJ745680 Staats et al. 2005
B. croci MUCLA436 Crocus AJ705009 AJ716070 AJ745681 Staats et al. 2005
B. deweyae CBS134649 Hemerocallis HG799521 HG799519 HG799518 Grant-Downton. et al.
2014
B. elliptica BE9610 Lilium AJ705011 AJ716072 AJ745683 Staats et al. 2005
BE9714 Lilium AJ705012 AJ716073 AJ745684 Staats et al. 2005
B. eucalypti CFCC51322 Eucalyptus KX301018 KX301022 KX301026 Liu etal. 2016
CGMCC3.18028 Eucalyptus KX301020 KX301024 KX301028 Liu etal. 2016
B. AK10 Paeonia x lactiflora KX266727 KX266733 KX266739 Garfinkel et al. 2017
euroamericana
B83 Vitis vinifera KC191677 KC191678 KC191679 Garfinkel et al. 2017
B. fabae CBS109.57 Faba AJ705013 AJ716074 AJ745685 Staats et al. 2005
MUCL98 Faba AJ705014 AJ716075 AJ745686 Staats et al. 2005
B. fabiopsis BroadbeanBC-2  Vicia EU519211 EU514482 EU514473 Zhang et al. 2010
BroadbeanBC-13 Vicia EU563109 EU563100 EUS563115 Zhang etal. 2010
B. ficariarum CBS176.63 Ficaria AJ705015 AJ716076 AJ745687 Staats et al. 2005
MUCL376 Ficaria AJ705016 AJ716077 AJ745688 Staats et al. 2005
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Table 2. Continued
Species Isolate/strain Host GenBank accession number Reference
G3PDH HSP60 RPB?2
B. fragariae Ul4 H3 Fragaria KX429701 KX429694 KX429708 Rupp et al. 2017
D11 H R4 Fragaria KX429702 KX429695 KX429709 Rupp et al. 2017
B. galanthina ~ MUCLA435 Galanthus AJ705018 AJ716079 AJ745689 Staats et al. 2005
MUCL3204 Galanthus AJ705017 AJ716078 AJ745690 Staats et al. 2005
B. gladiolorum 9701 Gladiolus AJ705019 AJ716080 AJ745691 Staats et al. 2005
MUCL3865 Gladiolus AJ705020 AJ716081 AJ745692 Staats et al. 2005
B. globosa MUCLA444 Allium AJ705022 AJ716083 AJ745693 Staats et al. 2005
MUCL21514 Allium AJ705021 AJ716082 AJ745694 Staats et al. 2005
B. hyacinthi 1 Hyacinthus AJ705023 AJ716084 AJ745695 Staats et al. 2005
MUCL442 Hyacinthus AJ705024 AJ716085 AJ745696 Staats et al. 2005
B. mali BP1412756 Malus EF367129 - - O'Gorman et al. 2008
BP1411770 Malus EF367121 - O'Gorman et al. 2008
B. medusae B-555 Vitis vinifera MH732861 MH732866 MH732870 Harper et al. 2019
B. narcissicola MUCL18857 Narcissus AJ705025 AJ716086 AJ745698 Staats et al. 2005
MUCL2120 Narcissus AJ705026 AJ716087 AJ745697 Staats et al. 2005
B. paeoniae 3 Paeonia AJ705027 AJ716088 AJ745699 Staats et al. 2005
MUCL16084 Paeonia AJ705028 AJ716089 AJ745700 Staats et al. 2005
B. pelargonii CBS497.50 Pelargonium AJ704990 AJ716046 AJ745662 Staats et al. 2005
MUCL1152 Pelargonium AJ705029 AJ716090 AJ745701 Staats et al. 2005
B. polyblastis CBS287.38 Narcissus AJ705030 AJ716091 AJ745702 Staats et al. 2005
MUCL21492 Narcissus AJ705031 AJ716092 AJ745703 Staats et al. 2005
B. polygoni Poly-1 Fallopia MG846496 MG846501 MG846506 He et al. 2021
convolvulus
Poly-2 Fagopyrum MG846497 MG846502 MG846507 He et al. 2021
esculentum
B. polyphyllae  YN1 Paris polyphyllae ~ MG387957 MG431978 MG431975 Zhong et al. 2019
YN3 Paris polyphyllae  MG387959 MG431980 MG431977 Zhong et al. 2019
B. porri MUCL3234 Allium AJ705032 AJ716093 AJ745704 Staats et al. 2005
MUCL3349 Allium AJ705033 AJ716094 AJ745705 Staats et al. 2005
B. prunorum Bpru-8 Prunus domestica KP339979 KP339993 KP339986 Ferrada et al. 2016
Bpru-21 Prunus domestica KP339980 KP339994 KP339987 Ferrada et al. 2016
B. prunorum BB3 Vitis vinifera - - MW465820 This study
B. prunorum BN3 Vitis vinifera - MW465821 This study
B. prunorum E3=IRAN 4281C Vitis vinifera MW465783 MW465799 MW465822 This study
B. prunorum C2 Fragaria ananassa - MW465823 This study
B. prunorum P20= IRAN Fragaria ananassa MW465784 MW465800 MW465824 This study
4280C
B. prunorum X7 Malus domestica MW465785 MW465801 MW465825 This study
B. prunorum X14 Malus domestica MW465786 MW465802 MW465826 This study
B. prunorum X15= IRAN Malus domestica MW465787 MW465803 MW465827 This study
4278C
B. prunorum DD8= IRAN Pelargonium MW465788 MW465804 MW465828 This study
4279C hirsutum
B. 10091 Vitis vinifera JN692414 IN692400 JIN692428 Zhou et al. 2014
pseudocinerea
X1303 Vitis vinifera KJ796654 KJ796658 KJ796650 Saito et al. 2014
B. pyriformis SedsarBC-1 Sedum sarmentosum KJ543484 KJ543488 KJ543492 Zhang et al. 2016
SedsarBC-2 Sedum sarmentosum KJ543485 KJ543489 KJ543493 Zhang et al. 2016
B. ranunculi CBS178.63 Ranunculus AJ705034 AJ716095 AJ745706 Staats et al. 2005
B. sinoallii OnionBC-23 Allium EUS519217 EU514488 EUS514479 Zhang etal. 2010
OnionBC-59 Allium FJ169646 FJ169658 FJ169678 Zhang etal. 2010
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Table 2. Continued
Species Isolate/strain Host GenBank accession number Reference
G3PDH HSP60 RPB2
B. sinoviticola  GBC-3-2b Vitis vinifera JN692411 JIN692397 JIN692425 Zhou et al. 2014
GBC-5 Vitis vinifera JN692413 JIN692399 JIN692427 Zhou et al. 2014
B. sinoviticola  BH8 Vitis vinifera - - MW465829 This study
B. sinoviticola  BN13 Vitis vinifera - - MW465836 This study
B. sinoviticola BN4 Vitis vinifera - - MW465830 This study
B. sinoviticola  CX3 Vitis vinifera - - MW465831 This study
B. sinoviticola  E10=IRAN 4284C Vitis vinifera MW473718 MW465797 MW465832 This study
B. sinoviticola K19 Vitis vinifera - - MW465833 This study
B. sinoviticola ~ X12 Malus domestica MW465789 MW465798 - This study
B. MUCL21481 Allium AJ705035 AJ716096 AJ745708 Staats et al. 2005
sphaerosperma
MUCL21482 Allium AJ705036 AJ716097 AJ745709 Staats et al. 2005
B. squamosa PRI1026 Allium AJ705039 AJ716100 AJ745707 Staats et al. 2005
MUCL1107 Allium AJ705037 AJ716098 AJ745710 Staats et al. 2005
B. tulipae BT9830 Tulipa AJ705041 AJ716102 AJ745713 Staats et al. 2005
BT9001 Tulipa AJ705040 AJ716101 AJ745712 Staats et al. 2005
M. fructigena 9201 - AJ705043 AJ716047 AJ745715 Staats et al. 2005
S. sclerotiorum 484 - AJ705044 AJ705044 AJ716048 Staats et al. 2005
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Table 3. Characteristics related to host, locality and the number of isolates in each identified Botrytis species

Host Sampling region Number of isolates Identified species
B. cinerea B. prunorum B. sinoviticola

Grapevine Urmia (Lake road) 19 4 6 9
Urmia (Emamzadeh) 18 13 3 2
Urmia (Serow road) 28 9 18 1
Miyandoab (Barough) 18 2 8 8
Miyandoab (Baktash, Orchard 1) 38 5 29 4
Miyandoab (Baktash, Orchard 2) 16 — 14 2
Miyandoab (Baktash, Orchard 3) 11 3 7 1
Miyandoab (Baktash, Orchard 4) 4 4
Miyandoab (Chaharborj) 6 — 5 1
Sardasht 8 5 3 —
Piranshahr 2 — 2 —

Strawberry Urmia (greenhouse) 20 19 1 —
Sanandaj, Kordestan field) 24 12 12

Ornamental plants Miyandoab 39 32 7

Apple Urmia 15 8 5 2
Miyandoab 3 2 1 —

cabbage Urmia 2 2 — -

Total 271 116 125 30
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Fig 1. Botrytis cinerea: a-d) Colony types on PDA medium after 7 days. e-g) Conidiophore and vesicle; h)

Conidia. Scale bar =20 pm
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Fig 2. Botrytis prunorum: a-d) Colony types on PDA medium after 7 days; e-g) Conidiophore and vesicle; h)

Conidia. Scale bar =20 pm
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Fig 3. Botrytis sinoviticola: a-d) Colony types on PDA medium after 7 days; e-g) Conidiophore and vesicle; h)

Conidia. Scale bar =20 pm
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Fig 4. Dendrogram obtained based on UPGMA algorithm and Dice similarity coefficient in NTSYSpc-2.02e
software for 34 selected isolates of Botrytis using Bot ISSR4 primer
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Fig 6. Phylogenetic tree of Botrytis spp. using Maximum Likelihood (ML) method with RAXML v. 8.0.0 software
based on combined DNA sequences of G3PDH, HSP60 and RPB2. Monilinia fructigena and Sclerotinia
sclerotiorum were used as out-group taxa. The numbers above each branch indicate the bootstrap percentage of
1000 replicates and Posterior Probability (PP) values in Bayesian analysis, respectively.
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Fig 7. Pathogenicity of B. cinerea, B. prunorum and B. sinoviticola isolates on Thompson seedless grape leaves

after 96 hrs. of post-inoculation and incubation at 2512 °C
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Fig 8. Pathogenicity of B. cinerea, B. prunorum and B. sinoviticola isolates on Thompson seedless grape berries
after 120 hrs. of post-inoculation and incubation at 252 °C
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255K slmo g 5 LaS 5 (55, 0 534k B. sinoviticola y B. prunorum B. cinerea las 8 sbaalis sla S5y L Jyu
-\.:5..-: 43‘.5&

Table 4. Characteristics of B. cinerea, B. prunorum and B. sinoviticola isolates inoculated on the leaves and
berries of Thompson seedless grape

Species Isolate Region Host Colony Morphotypes™ Mean of lesion Mean of disease
diam. (mm)” diam. on leaves™ index on fruits™"
B. cinerea BB4 Miyandoab Grapevine 75 SC 00.00° 2.660.75b¢d
B. cinerea R5 Urmia Grapevine 34 M 31.50+0.14 1.66+0.257"
B. cinerea K7 Urmia Grapevine 70 SC 39.66+0.05% 4+0.00?
B. cinerea S1 Sardasht ~ Grapevine 75 SC 44.66+0.132 3.33+0.40%°
B. cinerea BH34 Miyandoab Grapevine 57 SC 00.00° 4+0.002
B. cinerea CX18 Barough  Grapevine 70 SC 26.83+0.18% 3.50+0.222
B. cinerea E18 Urmia Grapevine 75 SC 26.83+0.40%f 3.16+0.37%cd
B. cinerea K20  Urmia Grapevine 60 SC 37.33+0.41% 4+0.002
B. cinerea DD4 Miyandoab Geranium 71 SC 21.50+0.35 fon 2.33+0.40¢%f9
B. cinerea P7 Urmia Strawberry 75 SC 33.33+0.28¢ 2.6620.400cde
B. cinerea X4 Urmia Apple 75 SC 00.00° 3.83+0.40?
B. prunorum S2 Sardasht ~ Grapevine 75 SC 12.66+0.20Km"  1,50+0.279"
B. prunorum E3 Urmia Grapevine 45 sC 13+0.35KIm 2.33+0.25%f9
B. prunorum K4 Urmia Grapevine 55 SC 00.00° 3.50+0.27%
B. prunorum BN3 Miyandoab Grapevine 70 SC 00.00° 1.50+0.279"
B. prunorum R4 Urmia Grapevine 40 SC 11.33+0.20'™" 3.16+0.4920d
B. prunorum BB3  Miyandoab Grapevine 60 SC 9.66+0.10™ 1.66+0.257"
B. prunorum CX5 Barough  Grapevine 72 SC 19.50+0.319" 3.66+0.25?
B. prunorum DD8 Miyandoab Geranium 50 SC 11.33+0.24'mn 1.50+0.419"
B. prunorum P20  Urmia Strawberry 70 SC 14.66+0.221K! 3.83+0.202
B. prunorum X7 Urmia Apple 45 SC 7.66+0.10" 1.33+0.25"
B. prunorum X14  Urmia Apple 75 SC 18.83+0.369" 2.33+0,25¢%f9
B. prunorum X15  Urmia Apple 75 SC 15.66+0.231K! 2.16+0.37¢fo
B. sinoviticola E4 Urmia Grapevine 67 SC 22.83+0.17¢f 2.50+0,27¢def
B. sinoviticola BH8  Miyandoab Grapevine 60 SC 16.33+0.23"i 2.33+0.25%f9
B. sinoviticola BH27 Miyandoab Grapevine 50 SC 12.83+0.19Km  3,33+0.40%¢
B. sinoviticola CX10 Barough  Grapevine 75 SC 15.66+0.331K| 2.500,27¢def
B. sinoviticola CX3 Barough  Grapevine 73 SC 16.66+0.28" 2.33+0.25%f9
B. sinoviticola BN4  Miyandoab Grapevine 72 SC 19.83+0.409" 3.16+0.3720
B. sinoviticola E10  Urmia Grapevine 65 SC 32+0.09% 2.66+0,25b¢de
B. sinoviticola X12  Urmia Apple 60 C 11.83+0.05Km"  2.16+0.208"
B. sinoviticola X17  Urmia Apple 75 SC 11.83+0.164™  2,66+0.25P

* Colony diameter on PDA media after 7 days at 2042 °C.

** Morphotypes: Mycelial (M), Conidial (C) and Sclerotial-Conidial (SC) types.
*** The means (£ Standard Deviation) with dissimilar letters show statistically significant difference at P< 0.05 in each

column.
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