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Identification and pathogenicity of Fusarium species causing bean root
rot with emphasize on phylogenetic study and host range of Fusarium
solani species complex in Markazi province’
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Abstract

Fusarium root rot is one of the most important diseases of beans (Phaseolus vulgaris). In order to identify
Fusaria that cause bean root rot in Markazi Province (Iran), in the summer of 2018 and 2019, several bean
fields were visited and infected plants with root rot were sampled and the fungi were isolated in the
laboratory. Based on morphological and sequencing characteristics of internal transcribed spacers of rDNA
(ITS) and translation elongation factor 1-o (EF-/a) gene regions, 37 Fusarium isolates, including Fusarium
oxysporum species complex, F. solani species complex, and F. lateritium species complex, as well as F.
equiseti, F. acuminatum and F. redolens were identified. All isolates caused root rot on Sadry bean cultivar.
Since F. solani isolates were the most common, twelve isolates of this group were selected and their
phylogenetic relationships were studied. Of the three Clades of F. solani species complex, the isolates were
placed in Clade 2 and 3. Only one isolate was found in Clade 2 whose properties matched those of F.
brasiliense. The other isolates were classified in Clade 3 divided into two subgroups. In host range tests of F.
solani isolates, none of the isolates was pathogenic on lentils and cowpea. A number of isolates caused root
rot in chickpeas, soybeans, Mung bean and potato tubers. F. lateritium, F. redolens and F. brasiliense are
reported for the first time from Iran.

Keywords: Beans, Morphology, Phylogeny, Internal transcribed spacers of rDNA (ITS) and Translation
elongation factor 1-a (EF-/a)
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Table 1. Characteristics of isolates obtained from Fusarium root rot of beans in Markazi province and their
pathogenicity on beans

Species Isolate code Disease severity  Year of Isolation Location
(%)**
Fusarium solani species complex
RB3 76.16 a 2019 Mishijan
RB18 79.37 a 2019 Khomein
RB19 68.25 a-e 2019 Khomein
RB24 74.60 ab 2019 5 km of Khomein to Arak road
RB31 80.95a 2019 10 km of Khomein to Arak road
RB35 73.02 abc 2019 10 km of Khomein to Arak road
RB37 74.60 ab 2019 10 km of Khomein to Arak road
RB39 50.79 ef 2019 10 km of Khomein to Arak road
RB51 53.38 def 2019 Ghurchi Bashi
RB55 76.19 a 2019 Ghurchi Bashi
RB83 71.43 a-d 2019 3 km of Ghurchi Bashi to Khomein road
RB94 46.03 f 2019 Feyz Abad (Ghurchi Bashi)
RKAL175 61.09 a-f 2018 Ali Abad (Khomein to Aligoodarz road)
RKF156 71.43 a-d 2018 Farah Abad (Khomein to Aligudrz roud)
RKG168 55.56 b-f 2018 24 km of Khomein to Aligudarz road
RKR216 66.67 a-e 2018 Reihane Bala (Khomein)
RSB60 73.02 abc 2018 Tahran (Shazand)
F. oxysporum species complex
RB8 55.56 b-f 2019 Mishijan
RB10 50.79 ef 2019 Mishijan
RB68 79.37 a 2019 Ghurchi Bashi
RB73 53.97 c-f 2019 2 km of Ghurchi Bashi to Khomein road
RB88 73.02 abc 2019 3 km of Ghurchi Bashi to Khomein road
F. oxysporum species complex (cont.)
RKG165 55.56 b-f 2018 24 km of Khomein to Aligudarz road
RKN199 82.54 a 2018 Nasr Abad (Khomein to Aligudrz roud)
RKR212 66.67 a-e 2018 Reihane Bala (Khomein)
RSL50 63.49 a-f 2018 Alborz (Shazand)
RSM11 76.19 a 2018 Bahman (Shazand)
RSJ20 74.60 ab 2018 10 km of Shazand to Arak road
F. lateritium species complex
RB11 79.37 a 2019 Khomein
RB112 80.95a 2019 Feyz Abad (Ghurchi Bashi)
RKA205 77.78 a 2018 35 km of Khomein to Aligudarz road
RSL59 68.25 a-e 2018 Alborz (Shazand)
F. equiseti
RB5 69.84 a-e 2019 Mishijan
RSL53 71.43 a-d 2018 Alborz (Shazand)
RKG183 55.56 b-f 2018 Qaleh Ashena (Khomein to Aligudarz road)
F. acuminatum
RKR213 53.97 c-f 2018 Reihane Bala (Khomein)
RB53 68.25 a-e 2019 Ghurchi Bashi
F. redolens
RB50 44.44 f 2019 Ghurchi Bashi
Control 14.29 g

Aald b aglin 3 (P<O.01) ™ aoys ) Lzl b (5l ime o VANA =61 5o
Chi-squer= 188.9, Significant level with a probability of 1% (P<0.01) ** compared to the control
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Table 3. Isolates used in this study and their accession
number in the GenBank database

Isolate Species GenBanck/Accession
number
ITS EFl-a

RB5 F. equiseti 0OL348234 0L419251
RKR212 F. oxysporum OL348239 0OL419256
RB50 F. redolens 0OL348237 0L419254
RB53 F.acuminatum  OL348238 OL419255
RB11 F. lateritium OL348235 0OL419252
RB31 F. brasiliense OL348236 0OL419253
RB94 F. solani OL348246 0OL419242
RB35 F. solani OL348241 0OL419240
RKF156  F. solani 0OL348248 0L419243
RKG168 F. solani OL348249 0OL419244
RB51 F. solani OL348244 0OL419250
RB55 F. solani OL348245 0OL419241
RB18 F. solani OL348240 0OL419245
RB37 F. solani OL348242 0OL419246
RB39 F. solani 0OL348243 0L419249
RKAL175 F. solani 0OL348247 0OL419247
RSB60 F. solani 0OL348250 0L419248
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Table 4. Fusarium species and GenBank accession numbers from other research projects included in this study

Species Substrate Country GenBanck/Accession number

ITS EFl-a
Alternaria solani Burdock China MH754542 MH754545
F. acuminatum Muskmelon China MZ057828 MZ158147
F. brasiliense Soybean USA EF408516 EF408411
F. cucurbiticola Cucurbit USA DQ913801 DQ913771
F. cuneirostrum Soybean USA EF408519 EF408414
F. equiseti Chickpea Canada MK908819 MK922530
F. falciforme Tomato India MW911785 MW910248
F. lateritium Giant dogwood Korea KC453998 KC453997
F. martii Potato Germany JX435206 JX435156
F. mori Mulberry Japan DQ094305 JF740841
F. oxysporum Bean Chile MW092881 MW272503
F. phaseoli Soybean USA EF408520 EF408415
F. plagianthi Lacebark New Zealand AF178417 AF178354
F. redolens Chickpea Canada MK908825 MK922537
F. regulare Bean USA LR583762 LR583642
F. solani Seaside gentian China MG183707 MG183711
F. solani Peonies China MN461539 MN977917
F. solani Alfalfa China KF939488 KF939494
F. tucumaniae Soybean USA AY220235 AY220185
F. vanettenii Tomato India MW914700 MWwW910247
F. virguliforme Soybean USA MN310695 MN310696
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Fig. 1. Morphology of phialide (A), microconidium (B), macroconidium (C) and chlamidospore (D) in Fusarium

oxysporum (RB8) (Bar = 10 um).
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Fig. 2. Morphology of phialide (A), microconidium (B), macroconidium (C) and chlamidospore (D) in Fusarium

solani (RB39) (Bar = 10 pm).
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Fig. 3. Morphology of phialide (A), microconidium (B), macroconidium (C) and chlamidospore (D) in Fusarium

brasiliense (RB31) (Bar = 10 pm).
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Fig. 4. Morphology of phialide (A), microconidium (B), macroconidium (C) and chlamidospore (D) in Fusarium

redolens (RB50) (Bar = 10 pm).
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Fig. 5. Morphology of chlamidospore (A) and macroconidium (B) in Fusarium equiseti (RB5), macroconidium
(C) in Fusarium acuminatum (RB53) and macroconidium (D) in Fusarium lateritium (RB11) (Bar = 10 pm).
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Fusarium solani (RKF156) «la> s

Fig. 6. Root rot of bean (A) and ckickpea (B) in isolate RB35, soybean (C) in isolate RB31 and potato dry rot (D)

in isolate Fusarium solani (RKF156)
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Fig. 7. Phylogenetic tree constructed from a maximum likelihood analysis based on a concatenated alignment

from ITS and EF-1a sequences of Fusarium spp. isolates with 1000 replicates of bootstrap at the branch point.
Representative isolates from Markazi Province marked with black circle.
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