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Abstract: In order to identify the fusarium species associated with soybean root rot in Dunhua and Gongzhuling,93 samples of
diseased plants with typical root rot symptom were collected to isolate and identify the species of Fusarium causing the disease
in Gongzhuling and Dunhua, Jilin province. Sequence alignment carried out by ITS, TEFI-a and RPB2 genes, multiple-gene
phylogenetic analysis and morphology were used to identify the pathogens. 104 strains of Fusarium classified in 4 species were
identified, including F. solani (64.42% ), F. oxysporum (33.65% ), F. verticillioides (0.96% ) and F. proliferaum
(0.96% ). 57 out of the 104 strains of Fusarium were isolated from the diseased plants in Gongzhuling, including F. solani
(91.23% ), F. oxysporum (5.27% ), F. verticillioides (1.75% ) and F. proliferaum (1.75% ). The other 47 strains were
isolated from Dunhua, including F. solani (31.91% ) and F. oxysporum (68.09% ).

F. oxysporum were respectively the dominant pathogen in Gongzhuling and Dunhua. Pathogenicity test showed that only
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GZL-A-7 KT272101 96.0 97.7 n/a - - n/a - - F. solani
GZL-A9 JX270137 95.0 98.6 n/a - - MH582414 99.0 99.0 F. solani
GZ1-A-21 JX270137 99.0 100. 0 MH628130 99.0 99.0 n/a - - F. solani
GZL-A-22 EU721674 100.0 99.0 LT746223 100. 0 99.0 n/a - - F. solani
GZL-A-23 KY436161 99.0 99.0 KY091148 99.0 100.0 ME276969 96.0 100.0 F. solani
GZL-A-24 n/a - - n/a - - ME276969 99.0 99.0 F. solani
GZL-A-25 EU721674 99.0 99.0 KY697892 99.0 100.0 MHS582414 99.0 99.0 F. solani
GZL-A-26 EU721674 98.0 99.0 KY697892 99.0 100.0 MHS582414 99.0 99.0 F. solani
GZL-A-27 JN232138 98.0 99.0 LT991908 99.0 100. 0 MH582414 99.0 99.0 F. solani
GZL-A-28 JN232138 99.0 99.0 MG857199 99.0 100. 0 MH582414 99.0 99.0 F. solani
GZL-A-29 EU721674 99.0 99.0 n/a - - MHS582414 99.0 99.0 F. solani
GZL-A-30 KY436161 99.0 99.0 KY091148 99.0 100.0 ME276969 99.0 99.0 F. solani
GZL-A-31 MG811577 100.0 99.0 KY697892 99.0 100.0 MHS582414 99.0 99.0 F. solani
GZL-A-32 JN232138 98.0 99.0 MG857199 99.0 100.0 MHS582413 99.0 99.0 F. solani
GZL-A-33 KY436161 98.0 99.0 KY091148 100. 0 100.0 MF276931 100.0 99.0 F. solani
GZL-A-35 JN232138 99.0 100.0 LT991908 99.0 100.0 ME276966 100.0 99.0 F. solani
GZL-A-36 JN232138 99.0 99.0 MG857199 99.0 100.0 MHS582414 100.0 99.0 F. solani
GZL-A-37 EU721674 98.0 100.0 KY697892 99.0 100.0 MHS582413 99.0 99.0 F. solani
GZL-A-38 KY436161 98.0 100.0 n/a - - n/a - - F. solani
GZL-A-39 JN232138 98.0 99.0 MH628130 99.0 100.0 n/a - - F. solani
GZL-A41 KY436161 99.0 99.0 n/a - - MF276931 100.0 99.0 F. solani
GZL-A42 KY436161 99.0 99.0 KY091148 100. 0 100.0 MF276931 99.0 100.0 F. solani
GZL-A43 KY436161 98.0 99.0 KY091148 100. 0 100.0 ME276966 99.0 99.0 F. solani
GZL-A-44 JN232138 99.0 99.0 MG857199 99.0 100. 0 MHS582414 99.0 99.0 F. solani
GZL-A-46 EU721674 98.0 100.0 KY697892 99.0 100. 0 MHS582414 99.0 100. 0 F. solani
GZL-A-48 n/a - - MG857199 99.0 100.0 MFE276962 99.0 99.0 F. solani
GZL-A-49 JN232138 98.0 99.0 n/a - - MHS582414 97.0 99.0 F. solani
GZL-B-3 MG561938 99.0 99.8 LT615305 99.0 99.5 MH300583 99.0 98. 8 F. solani
GZL-B-5 MG561938 99.0 100.0 LT615305 100. 0 99.7 MH300583 100.0 99.5 F. solani
GZL-B-6 MG561938 100.0 99.8 LT615305 98.0 99.9 MH300583 99.0 99.3 F. solani
GZL-B9 MH518313 97.0 99.8 LT615305 99.0 99.7 n/a - - F. solani
GZL-B-10 MK764995 99.0 99.0 LT615305 99.0 99. 8 MH300583 99.0 99.1 F. solani
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GZL-B-12  MK764995 99.0 99.3 LT615305 99. 0 99.9 MH300587  100.0 99.5 F. solani
GZL-B-17  MK325275 99.0 99.4  XM_018889622  99.0 99.6  FN552104.1  99.0 99.5  F. verticillioides
GZL-B-24  MF401578 99.0 100.0 LT615305 99. 0 99.3 MF276966 99.0 99. 0 F. solani
GZL-B29  JN400703 99.0 99. 4 MHS28019 99.0 99.9 KX434986 99.0 99. 4 F. oxysporum
GZL-B-30  MK713368 97.0 99. 8 MH828019  100.0 99.9 KX434986 99.0 99.9 F. oxysporum
GZL-B-31  JN400703 99.0 100.0  MH828019  100.0 99. 4 KX434986 99.0 99.9 F. oxysporum
GZL-G3-1  KX583231 99.0 100. 0 LT615305 100.0 99.2 MF276966 99.0 99.3 F. solani
GZL-G4  KF999012 99.0 100.0  KY091148 99.0 100.0 n/a - - F. solani
GZL-G-5  MF461624 99.0 100.0  KY091148 99. 0 99. 0 n/a - - F. solani
GZL-G-6  KY436161 100. 0 99. 0 KY091148 99. 0 100.0 w/a - - F. solani
GZL-G-7  KP881516 96. 0 98.7 KY091148 99.0 100.0 w/a - - F. solani
GZL-G8  KP267008 100. 0 99.0 KY091148 99. 0 99. 0 n/a - - F. solani
GZL-G9  KY436161 98.0 99. 0 n/a - - n/a - - F. solani
GZL-G-10  MF510823 99.0 100.0  KY091148 99. 0 99.0 w/a - - F. solani
GZL-Y-2  KY436161 99.0 9.0 KY091148 99. 0 100.0  MF276966 100. 0 99.0 F. solani
GZL-Y-3  KY436161 98.0 99.0 n/a - - KJ374812 100. 0 99. 0 F. solani
GZL-Y4  KY436161 99.0 99.0 KY091148 99. 0 100.0  MF276966 99.0 99. 0 F. solani
GZL-Y-5  KY436161 98.0 99.0 KY091148 99. 0 100.0  MF276966 99.0 99. 0 F. solani
GZL-Y-6  KY436161 96.0 98.0 n/a - - MF276966 99.0 99. 0 F. solani
GZL-Y-8 n/a - - (922928 99. 0 100.0  MF276966 99.0 99. 0 F. solani
GZL-Y-82  KY013237 99.0 99. 8 LT615305 99. 0 99.5 MF276966 99.0 99.5 F. solani
GZL-Y-10  KY436161 97.0 99.0 KY091148 100. 0 100.0  MF276966 98.0 99. 0 F. solani
GZL-Y-11 n/a - - KY091148 99. 0 100.0 KJ374812 99.0 99. 0 F. solani
GZL-Y-15 n/a - - KY091148 99.0 100.0  MF276966  100.0 100. 0 F. solani
DH-A12  MNO68915 99.0 99. 6 MH828020 99. 0 99. 8 KX434966 99.0 99.7 F. oxysporum
DH-AI4  MK429839 99.0 99.5 MH828019 99. 0 99. 8 KX434966 99.0 99. 8 F. oxysporum
DH-AI5  MG561938 99.0 99. 8 LT615305 99. 0 99.9 MH300587 99.0 99.2 F. solani
DH-A1-8  MH844100 99.0 95.0 LT615305 99. 0 99.9 MH300587 99.0 99.5 F. solani
DH-AI9  MK713368 98.0 100.0  MHS828020 99. 0 99. 8 KX434986 99.0 99.7 F. oxysporum
DH-AL-10  JN400703 99.0 99. 6 MHS28019 99. 0 99. 8 KX434986  100.0 99.7 F. oxysporum
DH-A1-14  MH858040 99.0 99. 8 MH828019 99. 0 99.9 KX434986 99.0 99. 8 F. oxysporum
DHA3-2 JN400703 99.0 99. 8 MHS828019  100.0 99.9 KX434988 99.0 99.5 F. oxysporum
DHA33  MG561938 99.0 100. 0 LT615305 99. 0 99. 8 MH300583 99.0 98.9 F. solani
DHA3-5 KY617035 99.0 100. 0 LT615305 99. 0 99. 8 MH300583  100.0 99.7 F. solani
DHA3-7 JN400703 99.0 99. 8 LT615305 99. 0 99.9 MH300587 99.0 98. 8 F. solani
DHA3-9 EU152473 99.0 99. 8 KT323851 99. 0 99. 8 KX434988 99.0 99.2 F. oxysporum
DHA3-10  MG561938  100.0 100. 0 LT615305 97.0 99. 8 MH300583 99.0 99. 0 F. solani
DHA3-11  MG561938 99.0 100. 0 LT615305 99. 0 99.9 MH300583  100.0 99. 6 F. solani
DHA3-12  NR_159865  99.0 99. 8 LT615305 99. 0 99.2 MH300583 99.0 99.5 F. solani

DHA3-14 MG561938 99.0 99.8 LT615305 99.0 99.7 MH300587 99.0 99.5 F. solani
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DHA3-16 MG561938 99.0 99.5 LT615305 99.0 99.7 MH300587 99.0 99.5 F. solani
DHA3-17 MG561938 100. 0 99.3 LT615305 99.0 100. 0 MH300587 99.0 99.3 F. solani
DHAG6-1 MK673832 100. 0 99.8 LT615299 96.0 99.9 MH582226 99.0 99.7 F. solani
DHA6-2 NR_159865 99.0 99.8 LT615299 99.0 99.9 MH582226 100. 0 100. 0 F. solani
DHA64 KU594265 100. 0 99.4 LT615299 99.0 99.9 MH582226 99.0 100. 0 F. solani
DHA6-11 MH578608 100. 0 99.4 KT323864 100. 0 100. 0 n/a - - F. oxysporum
DHA6-22 n/a - - KT323864 100.0 100.0 n/a - - F. oxysporum
DHA6-26 n/a - - KT323864 99.0 100. 0 n/a - - F. oxysporum
DHA6-27 MK626710 100. 0 100. 0 KT323864 99.0 100. 0 n/a - - F. oxysporum
DHA6-28 MH913114 100. 0 100. 0 n/a - - n/a - - F. oxysporum
DHA6-29 MH913114 100. 0 100. 0 n/a - - n/a - - F. oxysporum
DHA6-30 MH913114 100. 0 100. 0 KT323864 100. 0 100. 0 KX434988 100. 0 99.5 F. oxysporum
DHA6-32 MH578609 99.0 99.6 n/a - - n/a - - F. oxysporum
DHA10-1 KM817208 99.0 99.8 MH3828019 99.0 99.8 n/a - - F. oxysporum
DHA10-2 KT803066 99.0 100. 0 MH3828019 99.0 99.8 KX434988 99.0 99.6 F. oxysporum
DHA10-3 KU671041 99.0 99.6 MH828019 99.0 99.9 KX434988 99.0 99.5 F. oxysporum
DHA104 KU671041 99.0 99.8 MH828019 99.0 99.6 KX434988 100. 0 99.8 F. oxysporum
DHA10-5 KU671046 99.0 99.8 MH3828019 99.0 99.1 KX434988 99.0 99.5 F. oxysporum
DHA10-7 MF663655 97.0 99.6 KT323864 99.0 99.7 KX434988 99.0 99. 4 F. oxysporum
DHA10-9 EU152473 99.0 99.2 MH828019 99.0 99.9 KX434986 99.0 99.6 F. oxysporum
DHA10-12  KU671046 99.0 99.8 MH828019 99.0 99.6 KX434986 99.0 99.6 F. oxysporum
DHA10-13 JN400703 99.0 99. 4 MH3828019 99.0 99.8 KX434988 99.0 99.5 F. oxysporum
DHA10-14 JN400703 99.0 99.4 MH828019 99.0 100. 0 KX434986 99.0 99.8 F. oxysporum
DHA10-15 JN400703 99.0 99.6 MH828019 99.0 99.6 KX434988 99.0 99.5 F. oxysporum
DHA10-16 1X045827 99.0 99.8 MH828019 99.0 99.7 KX434986 99.0 99.7 F. oxysporum
DHA10-17  KU671046 99.0 99.6 MH828019 99.0 100. 0 KX434988 99.0 99.9 F. oxysporum
DH-G-3 MH266069 98.0 99.0 n/a - - n/a - - F. oxysporum
DH-G4 KP266972 99.0 99.0 n/a - - n/a - - F. oxysporum
DH-R-5 JN400703 100. 0 99.4 MH828019 99.0 100. 0 KX434986 99.0 99.8 F. oxysporum
DH-R-9 JN400703 99.0 99.2 MH828019 99.0 99.8 KX434986 99.0 99.7 F. oxysporum
6-38 MH858428 98.0 99.1 LT841259 99.0 99.7 MH935990 99.0 99.9 F. proliferatum
A9 MG561938 99.0 99.8 LT615305 98.0 98.7 MH300587 100. 0 99.5 F. solani
n/a:JG,
n/a: Not available.
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Fig. 1 Typical colonies and conidia of Fusarium isolates from soybean

root rot in Gongzhuling and Dunhua, Jilin province
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Fig. 2 Phylogenetic trees constructed with maximum likelihood methods based on the concatenated
sequences from ITS,TEF -« and RPB2 genes
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Fig. 3 Classification of root lesion
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