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Abstract: The genus Fusarium is a prevalent contaminant in medicinal herbs, posing a dual threat to both the
effective components and safety of traditional Chinese medicine (TCM), as well as a common pathogen in
agriculture and clinical settings. Accurate identification of closely related species within this genus has always been
a key challenge. In this study, we employed analysis of whole-GEnome (AGE) to conduct bioinformatics analysis
on 304 genomes from 173 species of Fusarium, successfully constructing a species-specific target sequence library.
The number of specific target sequences predominantly ranges from 10 001 to 50 000. To validate the reliability of
the species-specific target sequences, we selected seven representative species of high concern in contaminated
medicinal herbs and agricultural pathogens: Fusarium oxysporum, F. solani, F. fujikuroi, F. sambucinum, F.

culmorum, F. incarnatum, and F. equiseti. Species-specific target sequence was selected from each species and
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subjected to detection using Sanger sequencing and CRISPR-Casl2a technology. The results showed that the

species-specific target sequences exhibited high specificity, solving the identification challenge of closely related

species F. incarnatum and F. equiseti. Furthermore, AGE enabled the visualization of identification results, offering

an advantage for field detection. This study demonstrates that AGE can accurately identify closely related species

of the genus Fusarium, providing technical support for the safety monitoring and quality assurance of medicinal

herbs.
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Table 1 Genome information of 173 Fusarium species analyzed by bioinformatics

Species GenBank

Species GenBank

Fusarium abutilonis

GCA_021655885.1

F irregulare GCA_004367085.1

F. acaciae-mearnsii
F. acaciae-mearnsii
F. acaciae-mearnsii
F. acaciae-mearnsii
F. acuminatum

F. acutatum

F. aethiopicum

F. agapanthi

F. agapanthi

F. albidum

F. albosuccineum
F. algeriense

F. algeriense

F. ambrosium

F. anguioides

F annulatum

F. anthophilum

F. armeniacum

F. asiaticum

GCA_014822065.1
GCA_017657105.1
GCA_017657115.1
GCA_017657135.1
GCA_013363215.1
GCA_012932015.1
GCA_017657045.1
GCA_001654545.1
GCA_001654555.2
GCA_013618265.1
GCA_012931995.1
GCA_002982035.1
GCA_002982055.1
GCA_003947045.1
GCA_012977745.1
GCA_019189775.1
GCA_013364935.1
GCA_013618295.1
GCA_001717835.1

F irregulare

F irregulare

F. keratoplasticum
F. keratoplasticum
F. kyushuense

F. langsethiae

F. langsethiae

F. lateritium

F. liriodendri

F. longipes

F. longipes

F. longipes

F. longipes

F. louisianense

F. louisianense

F luffae

F. mangiferae

F. marasasianum
F. meridionale

GCA_027945235.1
GCA_027945245.1
GCA_025433545.1
GCA_025433555.1
GCA_013184315.1
GCA_001292635.1
GCA_018104275.1
GCA_014898835.1
GCA_023509735.1
GCA_003012285.1
GCA_013618485.1
GCA_013618495.1
GCA_013623335.1
GCA_017656775.1
GCA_017656825.1
GCA_013184325.1
GCA_013758935.1
GCA_022833035.1
GCA_001717825.1
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Species

GenBank

Species

GenBank

F. asiaticum

F. asiaticum

F. asiaticum

F. austroafricanum
F. austroamericanum
F. austroamericanum
F. austroamericanum
FE. austroamericanum
F. austroamericanum
F. avenaceum

F. avenaceum

F. avenaceum

F. avenaceum

F. avenaceum

F aywerte

F. azukiicola

F. babinda

F. babinda

F. bactridioides

F. begoniae

F. beomiforme

FE boothii

F. boothii

F. boothii

F. brasilicum

F. brasilicum

F. brasiliense

FE brevicatenulatum
F. buharicum

F. bulbicola

F. bulbicola

F. burgessii

F. buxicola

F. caatingaense

F. camptoceras

F. cerealis

F. chaquense

F. chaquense

F. chaquense

F. chlamydosporum
F. chuoi

FE chuoi

F. cicatricum

F. circinatum

F. circinatum

F. circinatum

F. citri

F. clavum

F coffeatum

F. coffeatum

F. coicis

F. commune

F. concentricum

F. concolor

F. continuum

F cortaderiae

F. cortaderiae

F. cortaderiae

F. cortaderiae

F. cortaderiae

GCA_001717845.1
GCA_013618305.1
GCA_017657095.1
GCA_012932025.1
GCA_009617505.1
GCA_009617525.1
GCA_013364965.1
GCA_017657025.1
GCA_017657035.1
GCA_000769295.1
GCA_013753855.1
GCA_018282135.1
GCA_020744115.1
GCA_025948275.1
GCA_013186375.1
GCA_001680625.1
GCA_012977765.1
GCA_013184435.1
GCA_013623355.1
GCA_013186755.1
GCA_002980475.2
GCA_017656945.1
GCA_017656985.1
GCA_017656995.1
GCA_013184295.1
GCA_017656955.1
GCA_001680685.1
GCA_013363135.1
GCA_014822075.1
GCA_013186765.1
GCA_013758895.1
GCA_002980515.1
GCA_014899095.1
GCA_013624355.1
GCA_004367475.1
GCA_019055205.1
GCA_020137375.1
GCA_020137435.1
GCA_020137885.1
GCA_014898915.1
GCA_022627105.1
GCA_022627125.1
GCA_021730345.1
GCA_000497325.4
GCA_013396185.1
GCA_024514935.1
GCA_004367485.1
GCA_004367155.1
GCA_003316985.1
GCA_004367465.1
GCA_013781345.1
GCA_013618355.1
GCA_014824425.1
GCA_013184415.1
GCA_013184455.1
GCA_009617495.1
GCA_013184305.1
GCA_017656885.1
GCA_017656915.1
GCA_017656935.1

F. meridionale

F. meridionale

F. meridionale

F. mesoamericanum
F. mexicanum

F. miscanthi

F mundagurra

F. musae

F. musae

F. nanum

F. napiforme

F. nelsonii

F. nematophilum

F. neocosmosporiellum
F. neocosmosporiellum
F. nepalense

F. nepalense

F. newnesense

F. nisikadoi

F. nodosum

F. nurragi

F. nygamai

F. nygamai

F. nygamai

F. odoratissimum

F. odoratissimum

F. oxysporum

F. oxysporum

F. oxysporum

F. oxysporum

F. oxysporum

F. oxysporum

F. oxysporum

F. oxysporum

F. oxysporum

F. oxysporum

F. palustre

F. papillatum

F. penzigii

F. phaseoli

E phyllophilum

E pilosicola

F. pininemorale

F. piperis

F. poae

F. poae

F. poae

F. praegraminearum
E proliferatum

F. proliferatum

F. proliferatum

F. proliferatum

F. proliferatum

F. protoensiforme

F. pseudoanthophilum
F. pseudocircinatum
F. pseudograminearum
F. pseudograminearum
F. pseudograminearum
F. pseudonygamai

GCA_001717855.1
GCA_009617515.1
GCA_017656785.1
GCA_017656745.1
GCA_013396015.1
GCA_014898875.1
GCA_013396205.1
GCA_013623345.1
GCA_019915245.1
GCA_004367095.1
GCA_013396005.1
GCA_014898925.1
GCA_013623595.1
GCA_006518225.1
GCA_021655985.1
GCA_017656675.1
GCA_017656735.1
GCA_013184375.1
GCA_013623555.1
GCA_014898975.1
GCA_012977755.1
GCA_001262555.1
GCA_013186815.1
GCA_022813395.1
GCA_000260195.2
GCA_000350365.1
GCA_000149955.2
GCA_019843925.1
GCA_013363075.1
GCA_012610785.1
GCA_012610835.1
GCA_020975975.1
GCA_020975995.1
GCA_020975875.1
GCA_014843565.1
GCA_002233865.1
GCA_014899045.1
GCA_013186395.1
GCA_013623535.1
GCA_001680515.1
GCA_013396025.1
GCA_020615335.1
GCA_002165215.1
GCA_027946385.1
GCA_001675295.1
GCA_013623615.1
GCA_019609905.1
GCA_002093855.1
GCA_003290285.1
GCA_003615215.1
GCA_036288945.1
GCA_900029915.1
GCA_900067095.1
GCA_011320165.1
GCA_013395995.1
GCA_013396035.1
GCA_000303195.2
GCA_000974265.2
GCA_001703955.2
GCA_013186785.1
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Species

GenBank

Species

GenBank

F. culmorum

F. culmorum

F. culmorum

F. cuneirostrum
F. cyanostomum
F. decemcellulare
F. denticulatum
F. devonianum
F. dimerum

F. dlaminii

F. domesticum
F. drepaniforme
F. duplospermum
F. equiseti

F. equiseti

F. equiseti

F. equiseti

F. equiseti

F. equiseti

F. equiseti

F equiseti

F. falciforme

F. falciforme

F. falciforme

F. falciforme

F. falciforme

E falciforme

E flagelliforme
F. flagelliforme
F. floridanum
F. foetens

F. fracticaudum
F. fujikuroi

F. fujikuroi

E fujikuroi

F. fujikuroi

F. fujikuroi

F. fujikuroi

F. fujikuroi

F. fujikuroi

F. fujikuroi

F gaditjirri

F. gerlachii

F. gerlachii

F. globosum

F. goolgardi

F. graminearum
F. graminearum
F. graminearum
F. graminearum
F. graminearum
F. graminearum
F. graminearum
F. graminearum
F. graminearum
F. graminearum
F. graminearum
F. graminearum
F. graminearum
F. graminum

GCA_013618375.1
GCA_019055245.1
GCA_900074845.1
GCA_001680505.1
GCA_014824385.1
GCA_013266205.1
GCA_013396175.1
GCA_017140155.1
GCA_013623525.1
GCA_013186775.1
GCA_013618395.1
GCA_012978555.1
GCA_003946985.1
GCA_003313175.1
GCA_004367125.1
GCA_019054785.1
GCA_019054855.1
GCA_019054885.1
GCA_019055045.1
GCA_019055055.1
GCA_019055165.1
GCA_013363125.1
GCA_026873545.1
GCA_027945395.1
GCA_027945495.1
GCA_027945505.1
GCA_027945515.1
GCA_003012295.1
GCA_004367175.1
GCA_003947005.1
GCA_013623845.1
GCA_003353625.1
GCA_013759025.1
GCA_900079805.1
GCA_900096505.1
GCA_900096615.1
GCA_900096625.1
GCA_900096635.1
GCA_900096645.1
GCA_900096685.1
GCA_900096705.1
GCA_013266175.1
GCA_017656835.1
GCA_017656845.1
GCA_013396165.1
GCA_014899075.1
GCA_000240135.3
GCA_018345295.1
GCA_018345365.1
GCA_018345335.1
GCA_018346575.1
GCA_018346815.1
GCA_018345325.1
GCA_001717905.1
GCA_018219475.1
GCA_018219485.1
GCA_018345315.1
GCA_018345835.1
GCA_018346795.1
GCA_013266165.1

F. ramigenum
F. redolens

F. redolens

F. redolens

F. robinianum
F. robinianum
F sacchari

F. sacchari

F. sambucinum
F. sambucinum
F. sarcochroum
F. scirpi

F. secorum

F. setosum

F. sibiricum

F. solani

F. solani

F. solani

F. solani-melongenae

F. sororula

F sporotrichioides
F. sporotrichioides
F. staphyleae

F. sterilihyphosum
F. stilboides

F. subglutinans
F. sublunatum
F subtropicale
F. succisae

FE tanahbumbuense
F. temperatum
F. thapsinum

F. tjaetaba

F torreyae

F. torreyae

F. torulosum

F transvaalense
F. tricinctum

F. tricinctum

F. tuaranense

F tucumaniae
F. tucumaniae
F. tucumaniae
F. tucumaniae
F. tupiense

F. udum

F. udum

F ussurianum
F vanettenii

F. venenatum

F. venenatum

F. verrucosum
F. verticillioides
F. verticillioides
F verticillioides
F. verticillioides
F. verticillioides
F. virguliforme
F. virguliforme
F. virguliforme

GCA_013186855.1
GCA_014899085.1
GCA_019843785.1
GCA_020744475.1
GCA_013623725.1
GCA_024115165.1
GCA_013759005.1
GCA_017165645.1
GCA_001567575.1
GCA_014899025.1
GCA_013266185.1
GCA_004367495.1
GCA_013363185.1
GCA_013623625.1
GCA_014898995.1
GCA_002215905.1
GCA_023522795.1
GCA_027945525.1
GCA_023101225.1
GCA_017579625.1
GCA_003012315.1
GCA_019054645.1
GCA_017140175.1
GCA_013186845.1
GCA_014822085.1
GCA_013396075.1
GCA_013623665.1
GCA_003670145.1
GCA_013186925.1
GCA_012977735.1
GCA_001513835.1
GCA_013186935.1
GCA_013396195.1
GCA_014824505.1
GCA_027945595.1
GCA_013623875.1
GCA_013623685.1
GCA_012977725.1
GCA_020744515.1
GCA_013363205.1
GCA_001680535.1
GCA_001680595.1
GCA_001680725.1
GCA_021730365.1
GCA_013364945.1
GCA_002194535.1
GCA_013186905.1
GCA_017656685.1
GCA_000151355.1
GCA_013623635.1
GCA_020744135.1
GCA_013623715.1
GCA_000149555.1
GCA_003316995.2
GCA_003317015.2
GCA_020882315.1
GCA_027571605.1
GCA_000585705.1
GCA_001680525.1
GCA _013363175.1
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Species GenBank Species GenBank
F. guadeloupense GCA _021655865.1 FE vorosii GCA _017656575.1
F. guadeloupense GCA_021655875.1 F. vorosii GCA_017656615.1

F. guttiforme

F. haematococcum
F. haematococcum
F. hainanense

E heterosporum
FE hostae

F. humuli

F. humuli

F illudens

F. incarnatum

GCA_013186795.1
GCA_004026335.1
GCA_004026385.1
GCA_013618405.1
GCA_013396295.1
GCA_013184365.1
GCA_004366955.1
GCA_013753835.1
GCA_013623515.1
GCA_004367075.1

F. xylarioides
F. xylarioides
F. xylarioides
F. xylarioides
E xyrophilum
F. xyrophilum
F. xyrophilum
F. zanthoxyli
F zealandicum
F. parabolicum

GCA_004329255.1
GCA_013183765.1
GCA_013623735.1
GCA_018296325.1
GCA_008711575.1
GCA_008711595.1
GCA_008711615.1
GCA_013623745.1
GCA_013266195.1
GCA_013623825.1
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FAM-CCCCCCCCCC-BHQ-1-3",6-# £ % Yt & (6-car-
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ERA #1410 77 . DNA #1 5 ¥ #£ 37 °C T i & 20 min.
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Figure 1

ITS J3 51| L Xt 43 BT 27 [Fl B 100% Lt 31 H dr 4 Fh 5
] J FL AT G Fl o X HAER T ITS /£ L IR S Fh
HE R BR A o
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74 2 8 JE HoE 2 EAE R TE 10 001~50 000 %% (B 1).
Forr, BRI & 7 A PR R S AR T VISR E oxys-
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26 604 fil F. equiseti 86 797 (£ 2). %t T i F L & kb
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Distribution of 173 species of Fusarium and target sequence counts. A and B: Distribution counts of 173 species based on the

number of PAM target sequences (deduplicated) and PAM target sequences (frequency = 50%, deduplicated) across different intervals,

respectively; C and D: Distribution of 173 species based on the number of specific target sequences (deduplicated) and specific target

sequences (frequency = 50%, deduplicated) across different intervals, respectively

Table 2 The bioinformatics analysis results of specific target sequences for 7 Fusarium species. f: Frequency

Species

25-bp unique sequence
with PAM (count)

High-frequency shared unique
target with PAM (f = 0.5) (count)

Specific target
sequence (count)

High-frequency specific target
sequence (f = 0.5) (count)

Fusarium culmorum
F. fujikuroi

F. equiseti

F. incarnatum

F oxysporum

F. sambucinum

F. solani

1180 380
1 819 655
1574243

952 560
4161493
1101 755
2497 904

975 727
1103 386
1010 242

952 560
1057 351
1101 755

904 987

6155
42 086
86 797
26 604

196 335
76 804
132328

3115
15120
40 926
26 604

7922
76 804
32503
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MR S B4R 7 B R T ASIFR: E oxysporum
E solani. F. fujikuroi- F. sambucinum« F. culmorum- F.
incarnatum F F. equiseti ¥ BENLIEFE 4~20 2% R AW
i 7 VE T BE AR 7 2, JF AR & Ry R R A 7 41 B U

726 7% \3 2% 3 2% N1 2 25 REAE XS N H AR it b 47 14 3]
H ) 2% i 1 R 5 B8 A 7 81 (3R 34 & 2); Bl e JE i
Sanger i 7 £ AR GG UE B3R 7 NP0 R AL RS 51
FAAE T 0 S H AR A 5 PR 28 o DA e 36 41E S5 f ) A
S L AR P 81 T O 7 AR BE AL B 2% T S Sy

250 bp il A B k41 514, 24T fi] 5 PCR B i W e
BBV, S5 R o, Bk T AR RS 3 55 1 5%

S 1 S B8 B0 I (KR S BE AR PP B (R 4)

Table 3 Validated specific target sequences for seven Fusarium species in the target species

Species

Validated specific target sequences in the target species

Primer (5'—3)

Fusarium culmorum

F. fujikuroi

F. equiseti

F incarnatum

F. oxysporum

F. sambucinum

F solani

Fcu-1: TTTCGAGATGAGTTGCGGAAACTTG
Fcu-2: TTTACATGCTGATCAATCATGGATG
Fcu-3: AGGTACAGGTCCAGAATCAGGTAAA

Ffu-1: TGTACCTCCGTAGGTGCGCAGCAAA
Ffu-2: GTGCACACCCTTCGAAGTGGGCAAA
Ffu-3: AATTGCTAGAAATCGGGGGGTTAAA
Ffu-4: TTTCCTTGAGAGCAACTCGCTAGCA
Ffu-5: TTTGCCCTTGTATAGTTATGGTTCA
Ffu-6: TTTCCTCCCATATTTCGAGCCTTAA
Ffu-7: TTTACCAAGGAGCGACAGACTCCGA

Fe-1: GCACGGCAAGAGATATCAATCTAAA
Fe-2: GGGCACTTGGCCGAATTATACGAAA

Fi-1: TTTAACATATTAGCGGTATTCAAAA
Fi-2: TTTCATACACTACTTGATCGATAAA
Fi-3: TTGACGGTACCTCCGCTTTTACAAA

Fo-1: TTTCCATGAGTGAAGACTCCTCGCA
Fo-2: TTTGACTTCACCTCACTCACGATAA
Fo-3: TTTCTACCTTAAGGATGTGGACGAA

Fsam-1: TTTCACAAGCCTCAATATGTTCGGT
Fsam-2: TTTGTTGTCGTCAAGGTTATTAAAA
Fsam-3: TTTTTCGGATATGCATGCCGAGAAA
Fsam-4: TTGGTCATGCAATGAGCACCACAAA
Fsam-5: TTGACTGCTTTTAAAACTGAATAAA
Fsam-6: TTTAGAGGATCTACAGATACAATAA

Fso-1: CCTTCTATAAGTCCGACCCGGTAAA

Fcu-1-F: TTGGTGAATGAATCAGCCCATGTAG
Fcu-1-R: AATGTTCATGTCGGAGAATGATACG
Fcu-2-F: GCTGAACATGCCTGAGATTCTGATC
Fcu-2-R: AATAGGTACAGCAGGACACCAAGAA
Fcu-3-F: TGAAGTTGATGGCAAATAAGGACTC
Fcu-3-R: CTGTGAATCTGGGCAAATATGAATC
Ffu-1-F: AAAGACAATTCCTCCCGCTAGACTT
Ffu-1-R: AGTTAGAACGAATGGTAATGCTGTC
Ffu-2-F: GCAGGTTGTATCCCATCCAATATTC
Ffu-2-R: TGAAGATGAGTCTACGGTCCATGAT
Ffu-3-F: GAACCAGTTTGGCGATCTCAGAAGA
Ffu-3-R: TTGTCTCCCTCCTTACCGTATCATT
Ffu-4-F: GAAACTTGAGAATATGCTTGGCTAC
Ffu-4-R: TGTGTATAATTGTGAGGGCAGTATC
Ffu-5-F: TGTACCTCTACACTGAGAACAAACT
Ffu-5-R: TATTGCTTGCCAAGTCATCGGACAA
Ffu-6-F: AGCTCTACCTATAGATGCCATACTT
Ffu-6-R: AGACCGTGTTTGGAATTTGGATTTG
Ffu-7-F: ATGCCAGATTCGATCAGAACATAAC
Ffu-7-R: ATGCCAGATTCGATCAGAACATAAC
Fe-1-F: TTGAAACCCAGTTCTGGAGATTATC
Fe-1-R: AACTTTGGCACACTACGCAATATAC
Fe-2-F: TATTGAGGACATATGCTCTCGGAAG
Fe-2-R: ATAACGCCTCCTGAAGCTGAGATAG
Fi-1-F: GTGCGCGAACATTATAGTCAACATA
Fi-1-R: CATGTACCACAGTCAGAGCATAACA
Fi-2-F: TGATTGGAAGTAAGGATCGAATGAG
Fi-2-R: GCGAAGTTGTAGATATTGCTGTTTC
Fi-3-F: AAAGCATATTTGACGAGCATGAGAG
Fi-3-R: AGAGATAGGTCAAGGATGTGAGATG
Fo-1-F: AATGCCGACAATCGATCCATTACTC
Fo-1-R: CTGCCTGAACGAGATATTCTTGACT
Fo-2-F: TACGTACCTAGCTTCCATTGGAGCA
Fo-2-R: CGCCCATTATGAATGTTTGCTTGTG
Fo-3-F: AAAGAGAGGAACAACGTTACAGGAC
Fo-3-R: GCTACATACCTTACAGTCACAAGTC
Fsam-1-F: ATCATCATTACTCTCACTCGCAACA
Fsam-1-R: CATAGCTAACGACTTCTTTCACCTC
Fsam-2-F: GTAATAACGTCCAGTCGAAGAAGGT
Fsam-2-R: CTGTGAACCATTCCCGTTGTCTTAC
Fsam-3-F: CTATCAAATATTCCGAAGAGGTGAG
Fsam-3-R: GTATTGGTTTCTAGGTGGAAGTTGA
Fsam-4-F: GAGCATGGAAGTTGTATCAATTCAG
Fsam-4-R: TCCATCCGTAGCCATAACTACATAC
Fsam-5-F: GTACAGCAACTTGATTAGGAACTAG
Fsam-5-R: GCTGGGATAAATACATGGAACTCAT
Fsam-6-F: ATTCCCTGCTTATCAACAAACTCTC
Fsam-6-R: TGAGGTGATGAGATTGACAATGAAG
Fso-1-F: CTTACTGGTCGAAGAAGCTCAGGAC
Fso-1-R: TGTCTTGAAAGTCTCGAAGCATCTC
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Figure 2 Agarose gel electrophoresis showing the amplified target
bands of specific target sequences for seven Fusarium species in
the target species. M: DL1000 marker; CK: Blank control

K F 7 4 HEAT S 6 5 AE () K S AR A 0 i
NCBI # I $U3E FE 3317 BLAST Lt ) ¥ B A Wy Fh e 5
P, G H RN T H TR 7 51w DAV 45 2 I W Fh F

A B
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G B A 1 R ) DX I, e R R o R R % 5 A
T e, X R WAL T AR AT B 5 R P 81 L R

SRR 7 51 EL A ) i 5 5 (R0 35 T HG AR i R S B
B P B T FE AR RE X I (3R 4), HAEYI Tl %58
TR R AT 73 FR6E J1, D9 ) B e W ) HE R 4
E SR BUET AL A, AR PR T 2R R Xk
3 Sanger M BR DA A Fh 4 55 S0 4R 51

Xof D T 7 AW 0 S B AR A R AT R R 1

SEG UG AR, G 1 PCR 4™ 1 A1 35 I W Bk 112 R Uk 73 BT, 25
R IR T AP R S AR A G S R R
B (AR 1, A H bR B RIE 250 bp e A 7 A B )
W25, ARl AR B 2 (B 3A~G). B
J&, K H Sanger M J7 4 AR XE 7 N0 1) RF S 5845 7 51
BEAT RN . 5 SRR, IX LR S B bR PR A1 B o
e H B WS AE B AR Ah b 58 2 UL RS (B 3H~N), 35 X

BRSECE SECEREKE MU Fol SFso L Fsam SER S He R s L CTS

F oxysporum

M Fcu Fso Fsam Ffu Fe Fi Fo CK

1000 bp
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200 bp
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E culmorum

H +rrcsrsarsastrecssasnctrs |  sorameasisraecesrirreniin
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Figure 3 Agarose gel electrophoresis and sequencing peak graphs results of specific target sequences for seven Fusarium species. A-G:

Specific target sequences for F. fujikuroi, F. equiseti, F. oxysporum, F. solani, F. sambucinum, F. culmorum and F. incarnatum; M: DL1000

marker; CK: Blank control. H-N: The sequencing peak graphs results of species-specific target sequences for F. culmorum, F. incarnatum,

F equiseti, F. fujikuroi, F. solani, F. oxysporum, F. sambucinum, respectively. Ffu: F. fujikuroi; Fso: F. solani; Fsam: F. sambucinum; Fe:

F. equiseti; Fi: F. incarnatum; Fcu: F. culmorum; Fo: F. oxysporum
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Table 4 Seven species-specific target sequences in the genus Fusarium and their corresponding genomic locations, and crRNA

Species-specific

crRNA (5'—3")

UAAUUUCUACUAAGUGUAGAUUACCUUAAGGAUGUGGACGAA

UAAUUUCUACUAAGUGUAGAUCCGGGUCGGACUUAUAGAAGG

UAAUUUCUACUAAGUGUAGAUACCCCCCGAUUUCUAGCAAUU

UAAUUUCUACUAAGUGUAGAUUGGUGCUCAUUGCAUGACCAA

UAAUUUCUACUAAGUGUAGAUCAUGCUGAUCAAUCAUGGAUG

UAAUUUCUACUAAGUGUAGAUACAUAUUAGCGGUAUUCAAAA
UAAUUUCUACUAAGUGUAGAUGAUUGAUAUCUCUUGCCGUGC

Species Genomic location Annotation
target sequence
Fusarium Fo-3 Contig 0001134 Unannotated
oxysporum
F. solani Fso-1 Unknown Uncharacterized
protein
F. fujikuroi Ffu-3 Chromosome I ~ Unannotated
F. sambucinum Fsam-4 Contig_0000243 Unannotated
F. culmorum Fcu-1 C0000028 Unannotated
F. incarnatum Fi-1 Contig 0000048 Unannotated
F. equiseti Fe-1 Scaffold3 Unannotated
A
B
|
T HEE
s \
c>f 0B | i

pat 14

Figure 4 Precise species identification of seven Fusarium species using the CRISPR-Cas12a technology. A and B: Representing two forms

of presentation, visible fluorescence, and lateral flow strip. CK: Nuclease-free water. Each group contains DNA from different species as the

substrate. T: Text line; C: Control line. The presence of T indicates a positive result, whereas the presence of only C indicates a negative

result
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