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Figure 2. Number of Parp copies across the fungal kingdom. 
PARP copy numbers across several fungal phylogenetic groups, including the FOSC,
shown in pink. Analysis and visuals by Shira Milo. 

Figure 3.  Distribution of PARP family members across FOSC core and 
accessory chromosomes. Genomic location of different PARP genes within the 
FOSC. Core chromosomes are shown in orange while accessory chromosomes are 
shown in lilac. Analysis and visuals by Shira Milo. 

Figure 1. Phylogenetic Trees and Conserved Domain Annotations.
PARP sequences were aligned and corrected using MAFFT 3 and and Noisy1. Phylogenetic trees were generated using IQ-TREE8 for 
tree construction, and ITOL5 for visualization. Conserved domains were identified using the NCBI CDD Tool6. The four strains 
from the comparative system are shown above: A) the Fo47, 3 PARPs, B) the Fol4287, 6 PARPs, C) the MRL8996, 9 PARPs, and 
D) the Fo5176, 20 PARPs.

Figure 9. Arabidposis plants 10 days post infection.
Arabidopsis plants were inoculated in F. oxysporum spore solution for 90 minutes and grown for 10 days. A) Plants 
infected with WT or Parp1-mutant of the endophyte Fo47, B) Plants infected with WT or Parp1-mutant of the 
pathogen Fo5176. 

Figure 10. Arabidopsis root length 10 dpi.
Root lengths were measured in millimeters and statistical 
analyses were performed, with a cutoff of p-value<0.05 
between WT and Parp1-deficient strains (Fo47, Fo5176).

Figure 11. Arabidopsis leaf area 10 dpi.
Leaf area was measured in millimeters and statistical 
analyses were performed, with a cutoff of p-values<0.05 
between WT and Parp1-deficient strains (Fo47, Fo5176).

Figure 12. Number of Arabidopsis plants 
showing symptoms 10 dpi. 
The percentage of plants in each treatment showing 
symptoms.

Figure 13. Disease index of tomato plants infected 
with WT and Parp1-deficient strains (Fo47, Fol4287) 
measured 4 dpi. 
Disease index assessment performed by Domingo 
Martinez-Soto.

Figure 8. PCR validation of suspected Parp1-deficient strains.
Suspected mutants in the A) Fo47, B) Fol4287, C) MRL8996, and D) Fo5176 strains were PCR analyzed and compared to 
their wild-type Parp1 gene to confirm insertion of the Hygromycin B gene. Confirmation of the Hygromycin B inserts by 
Sanger Sequencing was additionally performed. 

Figure 6. Predicted secondary structures for CRISPR RNA (crRNA) used in MRL8996 Parp1 knockout.
Images were generated using the Mathews Lab online RNAstructure tool9. Secondary structure formation 
probability was <50% for crRNAs at positions 821 and 1923. 

Figure 7. MRL8996 Parp1 crRNA cut sites.
crRNA were designed to cut the Parp1 gene at nucleotides 821 and 1923, creating three fragments and allowing 
for the insertion of a Hygromycin B resistance gene in place. 

Figure 4. DNA damage tolerance (survival) in F. oxysporum WT strains
104, 103, and 102 cells of each strain were plated on potato dextrose agar (PDA) containing 
MMS, H2O2, 4-NQO, or phleomycin (PLM). MMS and H2O2 damage is mainly repaired by 
the base excision repair pathway while 4-NQO is exclusively repaired by the nucleotide 
excision repair pathway. Phleomycin causes double strand breaks in DNA, mainly repaired 
by homologous recombination and non homologous end-joining. 

Background
The versatile poly-ADP ribose polymerase (PARP) protein family participates in numerous 
cellular functions, including DNA repair, apoptosis, chromatin remodeling, and cell cycle 
regulation2. PARPs create long chains of ADP-riboses as they transfer ADP-ribose from 
NAD+ to their own amino acid residues or other acceptor molecules in a process called 
PARylation2. PARP1 has been thoroughly characterized in humans as the primary DNA repair 
PARP that senses DNA damage sites and recruits downstream DNA repair proteins, however 
the roles of PARP1 and the rest of the PARP family members are yet to be fully characterized 
in filamentous fungi4. Comparative genomic analysis revealed that the PARP family is uniquely 
expanded in the Fusarium oxysporum species complex, a filamentous fungus best known for 
agriculturally devastating crops such as bananas and tomatoes, causing enormous economic 
losses. PARP family genes are located on both the highly conserved core genome and the 
flexible, strain-specific accessory chromosomes of the F. oxysporum genome7 with copy number 
ranges from three to twenty across strains. In this study, four strains of F. oxysporum that 
possess different numbers of PARP proteins are used as a comparative system: Fo47, an 
endophyte; Fol4287, a tomato pathogen; MRL8996, a human pathogen; and Fo5176, an 
Arabidopsis pathogen. Infecting tomato plants, mice, and Arabidopsis with wild-type and Parp1-
deficient F. oxysporum strains allows for the assessment of the impact of PARP1 on fungal 
disease cycle. Optimizing quantification of PARylated proteins under DNA damage conditions 
by Western Blot allows for future investigation into levels and effect of PARP copy number on 
cellular PARylation.

PARP Family Repertoire PARP Family Expansion Across the Fungal 
Kingdom

PARP copy number is positively correlated 
with DNA damage tolerance

Generating Parp1-deficient strains In planta Phenotyping Protein Extraction Calibration and 
Optimization

Future directions

1) Repeat Arabidopsis infections using ROS-deficient Arabidopsis
plants to better understand the role of PARP1 during plant 
colonization/infection.

2) Study PARylation trends in all wild type strains and mutants 
included in our comparative system using Western blot.

3) Investigate the role of PARP-Ubc by knocking out the gene 
and characterizing the mutants.  
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Figure 5. Colony Diameter of F. oxysporum WT strains under DNA damage 
conditions.
Colony diameter ratios were calculated by dividing the size of a colony under a DNA 
damage condition by the size of the corresponding control colony plated on PDA. Colony 
diameter ratios were measured for plates containing MMS, H2O2, 4-NQO, or phleomycin 
(PLM). Analysis and visuals by Shira Milo. 

* p-value < 0.01
** p-value < 10-4

Figure 14. Deriving a standard curve to calculate protein concentration. 
Crude protein extract sample concentrations were determined by plotting absorbances 
of bovine serum albumin (BSA) samples against their known concentrations. The 
standard curve was used to calculate the concentration of crude protein extracts from 
F. oxysporum. 

Figure 15. Visualization of crude protein extract. 
Wild-type Fol4287 samples, were visualized in SDS-PAGE gel using 
electrophoresis. 

y = 1.1016x + 0.1895
R² = 0.9237
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