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Detection and amplification of LysM effector genes in F. oxysporum f. sp.
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Abstract. During the infection- while the xylem is colonized by the F. oxysporum f. sp. Lycopersici (Fol)- several
effector proteins have been secreted into the xylem that suppress the plant’s defense response and enable parasitic
colonization. So far, 14 effector proteins have been reported in Fol. However, there are no identified domains in their
sequences. LysM effector proteins were identified in some plant pathogenic fungi and involved in sequestering chitin
oligosaccharides. Here, considering the role of LysM effector proteins in plant-pathogen interactions, we searched for
candidate effector proteins possessed Lysin (LysM) domains in the genome of FOL. Hence, the LysM domain was
searched in the WGS data bank of Fol using Pfam tool and 17 proteins were identified. Two proteins, Fol-LysM1 and
Fol-LysM3, were selected based on low molecular weight and present of signal peptide in their sequences. Prediction of
the gene structures preformed using FGENESH tools and domain structures and effector characters including signal
peptide, number and position of cysteine residues, disulfide bond connectivity and molecular weight of proteins were
predicted. The entire nucleotide sequences of the coding region of their genes were determined by PCR and phylogeny
of lysM effector proteins was studied. Furthermore, the domain organization of these proteins was compared with that
of other lysM effector proteins. This is a first report of detection of lysM effector genes in Fol.

Keywords. plant-microbe interaction, secreted protein, vascular wilt disease
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Table 1. The characteristics of primers used for detection of the LysM genes.

Code Sequence (5'-3") Target Amplicon length (bp)
PSh11F TCCTAAGCAATCATGCGTTTCGA  Fol-LysM 1 444
PSh11R TTAGTTCCAGCTGCAGGGAACCT
PSh12F ATGAAGTTCTCTACCATCACAA  Fol-LysM 3 711
PSh12R TTAGCATTTGCCCTTCTCGAGA
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Table 2. Predicted proteins containing LysM domain in the genome of F. oxysporum f. sp. lycopersici.

Gene Locus Location Gen. Length Pro.
length
Fol-LysM 1 FOXG_17276.3 F. oxysporum 4287 (FO2): Supercontig 43: 167183-168217 - 1035 143
Fol-LysM 2 FOXG_03822.3 F. oxysporum 4287 (FO2): Supercontig 4: 362741-363274 + 534 177
Fol-LysM 3 FOXG_13204.3 F. oxysporum 4287 (FO2): Supercontig 19: 376482-377540 - 1059 218
Fol-LysM4 FOXG_05750.3 F. oxysporum 4287 (FO2): Supercontig 6: 533465-534262 + 798 265
Fol-LysM5 FOXG_05730.3 F. oxysporum 4287 (FO2): Supercontig 6: 482854-483720 + 867 288
Fol-LysM6 FOXG_18950.3 F. oxysporum 4287 (FO2): Supercontig 5: 813206-815730 - 2525 363
Fol-LysM7 FOXG_19864.3 F. oxysporum 4287 (FO2): Supercontig 10: 1619248-1620401 + 1154 371
Fol-LysM8 FOXG_11839.3 F. oxysporum 4287 (FO2): Supercontig 15: 1398877-1400452 + 1576 406
Fol-LysM9 FOXG_17723.3 F. oxysporum 4287 (FO2): Supercontig 101: 868-2263 - 1396 407
Fol-LysM10 FOXG_16949.3 F. oxysporum 4287 (FOZ2): Supercontig 40: 45335-47130 - 1796 422
Fol-LysM11 FOXG_17687.3 F. oxysporum 4287 (FO2): Supercontig 72: 10149-12182 + 2034 510
Fol-LysM12 FOXG_15152.3 F. oxysporum 4287 (FO2): Supercontig 27: 766316-768471 + 2156 525
Fol-LysM13 FOXG_14328.3 F. oxysporum 4287 (FO2): Supercontig 24: 155334-156963 - 1630 527
Fol-LysM14 FOXG_16948.3 F. oxysporum 4287 (FO2): Supercontig 40: 42190-44278 - 2089 602
Fol-LysM15 FOXG_15373.3 F. oxysporum 4287 (FO2): Supercontig 26: 562339-566636 + 4298 883
Fol-LysM16 FOXG_08721.3 F. oxysporum 4287 (FO2): Supercontig 10: 1609212-1616251 - 7040 1540
Fol-LysM17 FOXG_17685.3 F. oxysporum 4287 (FO2): Supercontig 72: 1438-7008 - 5571 1568
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Fig. 1. The translation products of the Fol-LysM1 (A) and Fol-LysM3 (B).The predicted signal sequence for
translocation into the ER is in lower case; the arrow points to the predicted cleavage site and cysteine residues (C) are
marked by shading boxes and the position of LysM domain is shown by line below the sequence. * shows the stop

codon.
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Table 3. Analysis of the characteristics of the effective proteins containing LysM domain in F. oxysporum f. sp.

lycopersici.
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Fig. 2. Schematic representation of Fol-LysM1 and Fol-LysM3 loci and position of primers. (A) results of genomic
DNA extraction and (B) agarose gel analysis of Fol-LysM1 and (C) Fol-LysM3 amplified from genomic DNA of F.
oxysporum f. sp. lycopersici (FOL), M: 1 Kb DNA marker, 1:control, 2: PCR product of Fol-LysM1 and 3: PCR
product of Fol-LysM3. TSS: Translation start site, Start C.: Start codon, Stop C.: Stop codon.
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Table 4. Similarities between Fol-LysM1 protein and its homologues.
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Fig. 3. A: Multiple sequence alignment of FOL-LysM1 and its homologues proteins. Accession numbers of proteins are
represented in parentheses. Identical amino acid residues are shaded in black, similar residues in grey, and non- identical residues

are not shaded. Sequences are aligned using Clustal W 2.1 and shaded using Boxshading 3.21. B: Phylogeny of the above-
mentioned proteins based on Neighbor-joining with bootstrap 1000.
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Fig. 4. A: Multiple sequence alignment of FOL- and its homologues proteins. Accession numbers of proteins are
represented in parentheses. Identical amino acid residues are shaded in black, similar residues in grey, and non- identical
residues are not shaded. Sequences are aligned using Clustal W 2.1 and shaded using Boxshading 3.21. B: Phylogeny of

Neighbor-joining

The above-mentioned proteins based on Neighbor-joining with bootstrap 1000.
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