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Abstract: The ADP-ribosylation factor 6 (Arf6), as the only member of the Arf family III protein, has been
extensively studied for its diverse biological functions in animals. Previously, the Arf6 protein in Magnaporthe
oryzae was found to be crucial for endocytosis and polarity establishment during asexual development.
However, its role remains unclear in Sclerotinia sclerotiorum. Here, we identified and characterized SsArf6 in S.
sclerotiorum using a reverse genetic approach. Deletion of SsArf6 impaired hyphal growth and development,
and produced more branches. Interestingly, knockout of SsArf6 enhanced the tolerance of S. sclerotiorum to
oxidative stress but the sensitivity to osmotic stress, and increased melanin accumulation, indicative of
different roles of SsArf6 in various stress responses. Moreover, the appressorium formation was severely
impaired, and fungal virulence to host plants was significantly reduced. Overall, our findings demonstrate the
essential role of SsArf6 in hyphal development, stress responses, appressorium formation, and fungal virulence
to host plants.
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1. Introduction

Sclerotinia sclerotiorum, as a notorious soilborne plant pathogenic fungus, which has an extremely
broad host range, is capable of infecting economically significant crops such as rapeseed, sunflower,
and soybeans, resulting in substantial agricultural losses [1-5]. In China, one of the main disease of
oilseed rape is Sclerotinia stem rot (SSR) caused by S. sclerotiorum, leading to losses of approximate
8.4 billion RMB annually[6,7]. S. sclerotiorum produces sclerotia that can survive in the field for
multiple years [8,9]. In addition, it employs different infection ways, including infection of host plant
tissues through the hypha by germination of sclerotia. When conditions are favorable, sclerotia can
also germinate to form apothecia, releasing many ascospores to infect the hosts [1,10].

Previous studies indicate that the interaction mechanisms between S. sclerotiorum and its host
are intricate. To establish successful colonization, S. sclerotiorum undergoes specific morphological
changes in its hyphal tips, leading to the formation of appressoria [11-13]. Appressoria play a crucial
role in adhering to the host surface and penetrating the cuticle [14]. In the past few decades, some
proteins related to the development and formation of appressoria have been identified and
characterized in the S. sclerotiorum, including mitogen-activated protein kinase (MAPK) signaling
pathway proteins SsStel2 [15] and SsFkhl [16], autophagy-related proteins SSATGS, SsNBR1 [17],
SsFoxE3 [18], and SsAtgl [19], as well as TOR signaling pathway protein SSTOR[20]. Additionally,
secreted protein SsRhsl [21], Ssams2 [22], SsNsd1 [23]and Magnaporthe appressoria-specific (MAS)
protein Sscnd1 [24] has also been confirmed to participate in appressoria formation.

Growing evidences suggest that the infection of the host by S. sclerotiorum happens in stages
[14,25]. During the early stages of infection, besides directly invading host tissues through
appressoria, S. sclerotiorum also secretes virulent factors, for instance oxalic acid [26,27], cell wall-
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degrading enzymes [28,29], and effectors [30,31] to impede mechanisms for recognizing and
defending against pathogens [32]. Once colonization is achieved, S. sclerotiorum enters into the
necrotrophic phase, characterized by the production of substantial amounts of reactive oxygen
species (ROS) and virulent factors, which induce rapid cell death and the progression of necrotic
symptoms [3,14,25,32,33]. Currently, due to the lack of resistant varieties, chemical method is mainly
used to control SSR [34]. However, S. sclerotiorum has been reported to develop resistance to
fungicides [35,36]. This has raised significant attention towards the control and prevention of S.
sclerotiorum.

ADP-ribosylation factor 6 (Arf6) is a member of the ADP-ribosylation factors (Arf) family, which
can regulate the endomembrane recycling and actin cytoskeleton remodeling at the cell surface
[37,38]. In mammals, Arf6 plays a crucial role in regulating neutrophil energy metabolism [39], cancer
cell invasion, metastasis and proliferation [40], as well as membrane lipid homeostasis [41].
Additionally, a homolog of Arf6 in Aspergillus nidulans, named ArfB, functions in endocytosis to play
important roles in polarity establishment during isotropic growth and polarity maintenance during
hyphal extension [42]. The Arf6's homolog in Magnaporthe oryzae also has similar functions [38].
However, the biological function of Arf6 in S. sclerotiorum remains unclear.

Through reverse genetic approaches, we characterized the roles of SsArf6 in S. sclerotiorum, and
found that SsArf6 is highly conserved among various plant pathogenic fungi. Knockout of SsArf6 led
to hindered mycelium growth and development, producing more branches, aerial hyphae and fewer
sclerotia. Surprisingly, SsArf6 negatively regulates melanin accumulation and hydrogen peroxide
resistance. In addition, deletion of SsArf6 significantly increased the sensitivity of S. sclerotiorum to
osmotic stress. Most importantly, the appressorium formation and virulence to host plants exhibited
severe impairments in knockout mutants. Together, our results suggesting that SsArf6 plays a
significant role in the formation of appressorium, hyphal development, resistance to abiotic stress in
S. sclerotiorum and fungal virulence to host plants.

2. Materials and Methods

2.1. Fungal Strains and Culture Conditions

Cultured in a constant temperature incubator at 20°C, the wild-type strain (WT), knockout
mutant, and complemented strains were grown on potato dextrose agar (PDA) plates. The PDA
plates were supplemented with 200 pg/mL hygromycin B (Roche) for the knockout mutants and PDA
plates supplemented with 100 pg/mL G418 Sulfate (Geneticin) (Yeasen) for the complemented strain.

2.2. Plant Materials and Growth Conditions

Arabidopsis thaliana, oilseed rape (Brassica napus) and Nicotiana benthamiana seedlings were
cultivated in a growth room at a temperature of 22°C, with a photoperiod of 16 hours of light followed
by 8 hours of darkness. Except for Brassica napus, which were cultivated for 5 weeks, all other plants
were cultivated for 4 weeks, were selected for the virulence assays with S. sclerotiorum.

2.3. Phylogenetic Tree Construction and Sequence Analysis

Homologous sequences of Arf6 in Zymoseptoria tritici, S. sclerotiorum, Ustilago maydis,
Botrytis cinerea, Magnaporthe oryzae, Fusarium oxysporum and Fusarium graminearum were
obtained from the NCBI database (https://www.ncbi.nlm.nih.gov/). The Arf6 gff3 files were got from
the ensemblFungi database (https://fungi.ensembl.org/). The phylogenetic tree was constructed using
MEGA11 programs with 1,000 bootstrap replicates and the neighbor joining method[43]. The gene
feature was visualized by GSDS2.0 [44], and the alignment of Arf6 proteins was performed using
Clustal Omega [45] and results viewed with Jalview [46].
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2.4. Knockout and Complementation of SsArf6

The split-marker method was employed to knockout the SsArf6 (sscle_03g022330) gene in S.
sclerotiorum. As previously described [47], two rounds of PCR were used to construct the replacement
fragments SsArf6-UP-HY and SsArf6-Down-YG, which were used to replace the target gene SsArf6.
The PCR products were co-transformed into wild-type (WT) strain protoplasts. SsArf6 knockout
transformants were selected on PDA plates containing 200 pg/mL hygromycin B, and at least three
rounds of hyphae tip transfer and protoplast purification were performed to obtain knockout mutant
homozygotes.

In genetic complementation, a 1746-bp fragment consisting of upstream and full-length genomic
DNA of SsArf6 was amplified specifically through PCR. The resulting fragment was individually
fused with NEO fragments, which were amplified from the pCH-EF-1 plasmid (provided by D. Jiang
from Huazhong Agricultural University). The resulting PCR products were co-transformed into
protoplasts of the knockout mutant strain. Validation was achieved through PCR using six sets of
primers (Table S1), and the transformed knockout and complementation strains were selected for
further experimentation.

2.5. DNA and RNA Manipulation

The mycelium of S. sclerotiorum was cultivated on PDA medium containing cellophane for 48
hours, and then ground into fine powder in liquid nitrogen. Genomic DNA was extracted from both
WT and mutant strains using the cetyltrimethylammonium bromide (CTAB) method [48]. The
extracted WT genomic DNA was used as a template for amplifying the full-length sequence and the
flanking sequence of SsArf6. The extracted genomic DNA from the mutants was used to confirm the
knockout and complementation of SsArf6. To evaluate the expression of SsArf6 in the knockout and
complementation strains at the transcriptional level, the mycelium was collected after 48 hours of
cultivation on PDA medium containing cellophane, and total RNA was extracted using the
SteadyPure Plant RNA Extraction Kit (Accurate Biology). The first-strand cDNA was synthesized
from the total RNA using the Evo M-MLV RT-PCR Kit (Accurate Biology) as the template. Semi-
quantitative RT-PCR was performed with cDNA as the template for 28 PCR cycles. All primers used
in this study were listed in Table S1.

2.6. Colony Morphology Observation

The growth lengths of the WT, knockout mutant (ASsarf6) and complemented strain (SsArf6-C)
on potato dextrose agar (PDA) medium were measured every 24 hours. The colony morphologies of
the WT, ASsarf6, and SsArf6-C strains on PDA medium were documented using a digital camera at
24 hours, 48 hours, and 8 days of cultivation respectively.

2.7. Stress Treatment

The WT, ASsarf6, and SsArf6-C strains were treated with 5mM, 10mM and 15mM of H20; cell
wall inhibitor Congo Red (CR), 0.02% of Sodium Dodecyl Sulfate (SDS); osmotic stressors 0.5M NaCl,
KCl and 1M sorbitol and glucose. After 48 hours, the colony morphology was recorded using a digital
camera and the inhibition rate was calculated. The inhibition rate (%) was calculated as 100 x (the
colony radius of the strain on pure PDA subtracted by the colony radius of the strain under different
stressors) divided by the colony radius of the strain on pure PDA.

2.8. Analysis of Compound Appressoria, OA and Virulence to Host Plants

The WT, ASsarf6, and SsArf6-C strains were inoculated onto a PDA medium containing 0.005%
(W/V) Bromophenol Blue. After 48 hours, the color change was recorded using a digital camera. For
appressorium formation observation, the WT, ASsarf6, and SsArf6-C strain blocks were inoculated
onto a slide, and after 24 hours of cultivation, the morphology of the compound appressoria was
observed and recorded under an optical microscope (Axio Imager 2, ZEISS, Oberkochen, Germany).

doi:10.20944/preprints202311.1250.v1
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After a cultivation period of 36 hours, the appressorium of WT, ASsarf6, and SsArf6-C strain was
recorded using a digital camera.

To observe the morphology of the compound appressoria formed on onion epidermal cells, the
S. sclerotiorum strains were inoculated onto the onion epidermis cultured for 16 hours as previously
described [49]. After that, the onion epidermis was soaked in a 0.5% Trypan Blue solution for 30
minutes. Next, a bleaching solution was prepared in a ratio of ethanol: acetic acid: glycerol of 3:1:1
and used to decolorize the samples. The morphology of the composite attached cells was then
observed and recorded under an optical microscope. For the virulence analysis, the WT, ASsarf6, and
SsArf6-C strains were inoculated onto detached leaves of A. thaliana, B. napus and N. benthamiana.
After 36 hours of infection, the infection morphology was recorded using a digital camera, and the
lesion areas are analyzed using Image J software [50].

3. Results

3.1. Identification of the Arf6 homolog in S. sclerotiorum

Previously, when using a forward genetic approach to screen hypo-virulent mutant of S.
sclerotiorum, we got one mutant with a candidate gene which was speculated to be a guanine
exchange factor for Arf6(SsEFA6, sscle_12g090120), related to the pathogenic capacity of S.
sclerotiorum (unpublished data). To determine whether Arf6 is also associated with pathogenicity,
we then performed a genomic blasting and identified sscle_03g022330 as the homologous gene of
MoArf6 in S. sclerotiorum, and named as SsArf6, which comprised four exons and three introns,
spanning a length of 794 base pairs and encoding 186 amino acids. As shown in Figure 1A, SsArf6
homologous proteins were prevalent among plant pathogenic fungi. When conducting gene
structure analysis of these homologues, we discovered that UmArf6 contained only one CDS region,
while SsArf6 and BcArf6 had up to four CDSs (Figure 1B). In addition, protein sequence alignment
revealed evolutionary conservation of SsArf6, which had a high similarity with Arf6 homologs in F.
oxysporum, F. graminearum, B. cinerea, Z. tritici, and U. maydis, with 86.02%, 84.95%, 85.48%,
98.39%, 76.92%, and 76.84% amino acid sequence identity respectively (Figure 1C).

CD§

- UIR

Intron

SsArf6 (Sclerotinia sclerotiorum)
100\ BeArf6 (Botrytis cinerea)

ZtAr[6 (Zymoseptoria tritici)
UmArf6 (Ustilago maydis)

2
C 2500bp

Figure 1. Phylogenetic and sequence analysis of SsArf6. (A) Phylogenetic analysis of Arf6 between
different species. (B) The Arf6 gene features in F. oxysporum, F. graminearum, M. oryzae, S. sclerotiorum,
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B. cinerea, Z. tritici, and U. maydis illustrated schematically by GSDS2.0. (C) Multiple sequence
alignment of FoArf6, FgArf6, PoArf6, SsArf6, BcArf6, ZtArf6, and UmArf6. The alignment results were
visualized using Jalview clustal Colour Scheme.

3.2. Knockout of SsArfé leads to aberrant mycelium growth, increased melanin accumulation and decreased
sclerotium production

In order to investigate the biological function of SsArf6 in S. sclerotiorum, we generated the SsArf6
deletion mutant, ASsarf6 (Figure S1A), using a split-marker method based on homologous
recombination. The results indicated that SsArf6 was completely replaced by hph (Figure S1B, Figure
S3). The growth of ASsarf6 strain mycelium was hindered, with an average growth rate of 1.27cm/24h,
significantly lower than that of the WT strain (Figure 2A, B). In addition, the ASsarf6 strains produced
more branches and melanin compared to WT strains (Figure 2C, D). After incubation on PDA
medium for 8 days, there were noticeable differences in colony morphology among WT and ASsarf6
strains. Specifically, the ASsarf6 strain formed many aerial hyphae (Figure 2E) but fewer sclerotia
(Figure 2F, G) compared to WT. Furthermore, the phenotype of SsArf6-C, which was generated
through in situ complementation in the ASsarf6 background using a knock-in method (Figure S2A, B,
Figure S3), was similar to WT (Figure 2). These findings strongly indicate that SsArf6 plays an
important role in hyphal growth, melanin accumulation and sclerotium production.
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Figure 2. SsArf6 contributes to mycelial development, melanin accumulation and sclerotia production
in S. sclerotiorum. (A) The colony morphology of WT, ASsarf6, and SsArf6-C strains grown on PDA
culture medium for 24h and 48h. (B) The mean length and growth rate of mycelia of WT, ASsArf6,
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and SsArf6-C strains 48 hours later. (C) Melanin accumulation of WT, ASsarf6, and SsArf6-C strains
grown on PDA culture medium for 5d. (D) Branching patterns of mycelia of WT, ASsarf6, and SsArf6-
C strains. (E) The colony morphology of WT, ASsarf6, and SsArf6-C strains grown on PDA medium
for 8 days. (F, G) The number of sclerotia per plate. WT refers to the wild-type strain; ASsarf6, the
knockout strain; and SsArf6-C, the complemented strain. The experiment was repeated three times
with similar results. Error bars represent the standard deviation (SD). The statistical significance
between WT and knockout mutant or complemented strains was analyzed using the student’s t-test
(* p <0.05).

3.3. SsArf6 is implicated in abiotic stress response in S. sclerotiorum

To explore the response of SsArf6 to different stresses, S. sclerotiorum was treated with various
cell wall inhibitors and osmotic stresses. When exogenous 0.5M NaCl, 0.5M KCl, 1M glucose and 1M
sorbitol were applied, the colony radii of ASsarf6 were significantly reduced, and the inhibition rate
were significantly higher than that of WT and SsArf6-C strains (Figure 3A, B). However, in the
medium supplemented with cell wall inhibitors Congo red (CR) and Sodium Dodecyl Sulfate (SDS),
ASsarf6 demonstrated a stress response that was comparable to both the WT and SsArf6-C strains
(Figure 3C, D) .
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Figure 3. SsArf6 contributes to the responses to osmotic stress in S. sclerotiorum. (A, B) The colony
morphology and inhibition rate of WT, ASsarf6, and SsArf6-C strains grown on PDA medium
containing different osmotic stressors, 0.5M NaCl, 0.5M KCl, 1M glucose and 1M sorbitol, for 48h. (C,
D) The colony morphology and inhibition rate of WT, ASsarf6, and SsArf6-C strains grown on PDA
medium containing different cell wall inhibitors, 0.5mg/mL Congo Red (CR) and 0.02% Sodium
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Dodecyl Sulfate (SDS) for 48h. ASsarf6 represents the knockout strain; SsArf6-C, the complemented
strain. The experiment was conducted three times with similar results. Error bars represent the
standard deviation (SD). The statistical significance between the WT and knockout mutant or

complemented strains was analyzed using the student’s t-test (** p <0.01).

Former studies suggested that fungal melanin is frequently located intracellularly and has
antioxidant properties, as it can neutralize reactive oxygen species and other free radicals [51].
Therefore, we assessed the antioxidant capacity of the ASsarf6 mutant, and found that they exhibited
significant tolerance to hydrogen peroxide compared to the WT and SsArf6-C strains (Figure 4A, B),
indicative of the essential role of SsArf6 in regulating the abiotic stress responses in S. sclerotiorum.

A Oxidative stress B
5mM H,0, 10mM H,0, 15m M H,0, 100
= 5mM H,0, B 10mM H,O, Il 15mM H,0,
WT o o o
80
S
D
E 60+
=
£
ASsarf6 E 404
=
=
20 *k
SsArf6-C

S o L S o 0 8 o L
4‘(3&% b& 4\‘5%05‘8 P'& 4‘%&&% P"Sb
» & » e » &

Figure 4. SsArf6 negatively regulates the resistance of S. sclerotiorum to hydrogen peroxide. (A, B) The
mycelium morphology and inhibition rate of WT, ASsarf6, and SsArf6-C strains grown on PDA
medium containing 5mM, 10mM, and 15mM H202 for 48h. The experiment was conducted three times
with similar results. Error bars represent the standard deviation (SD). The statistical significance
between the WT and knockout mutant or complemented strains was analyzed using the student’s t-
test (** p <0.01).

3.4. SsArf6 is involved in compound appressoria development

To successfully colonize, S. sclerotiorum undergoes specific morphological changes in its hyphal
tips to form appressoria to break down the host cuticle [14]. Therefore, we analyzed the formation of
compound appressoria in ASsarfé6 mutants, and found that the production of compound appressoria
by ASsarf6 mutants was significantly abnormal compared to the WT and SsArf6-C strain. Both WT
and SsArf6-C strain formed compound appressoria on the slide surface as well as onion epidermal
cells, while ASsarf6 mutants did not (Figure 5A, B, C). Furthermore, we also assessed the secretion
capacity of ASsarfo mutants for oxalic acid and revealed that the secretion of oxalic acid was normal
in the ASsArf6 strain, with no significant differences compared to the WT and SsArf6-C strains (Figure
5D). These results suggest that SsArf6 is essential for the formation of complex appressoria and might
be associated with the pathogenic ability of S. sclerotium.
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WT ASsarf6 SsArf6-C

Figure 5. SsArf6 is involved in compound appressoria formation. (A) The Appressorium morphology
after 48 hours on glass slides by WT, ASsarf6, and SsArf6-C strains (B) Appressorium formed after 24
hours on glass slides by WT, ASsarf6, and SsArf6-C strains observed under an optical microscope. Bar
=1 pm. (C) Invasion assay of WT, ASsarf6, and SsArf6-C on onion epidermis. Invasion mycelial were
stained by trypan blue. (D) Analysis of oxalic acid secretion ability of WT, ASsarf6, and SsArf6-C
strains, with colony morphology after 48h cultivation on PDA medium containing bromophenol blue.
When the pH of Bromophenol Blue is greater than or equal to 3.0 and less than 4.6, it appears yellow,
and when the pH is greater than or equal to 4.6, it appears blue. WT represents the wild-type strain;
ASsarf6, the knockout strain; SsArf6-C, the complemented strain.

3.5. SsArf6 is essential for virulence to host plants

To confirm whether SsArf6 is related to the pathogenicity of S. sclerotiorum, we inoculated WT,
ASsarfb, and SsArf6-C strain on detached leaves of A. thaliana, B. napus and N. Benthamian. After 36
hours of infection, the ASsarf6, WT and SsArf6-C strain caused water-soaked pale brown lesions on
the leaves. However, the ASsarf6 mutants showed a significant decrease in lesion area compared to
the WT and SsArf6-C strains on leaf blades of different hosts (Figure 6A, B). In addition, when
inoculated onto the wounded N. Benthamiana detached leaves, we observed a significant increase in
the infection area of ASsarf6 after 36 hours, compared to the intact detached leaves, under the same
infection conditions, but the infection area of ASsarf6 was still significantly less than that of WT and
SsArf6-C strains (Figure 6C, D). These findings strongly indicate that SsArf6 plays an essential role in
the fungal virulence to hosts, except for its function in appressoria formation of S. sclerotiorum.
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Figure 6. SsArf6 contributes to the virulence of S. sclerotiorum. (A) Inoculated lesions of WT, ASsarf6
and Ssarf6-C of detached leaves of A. thaliana, B. napus and N. benthamiana. (B) Lesion areas of WT,
ASsarf6 and SsArf6-C on leaves of A. thaliana, B. napus and N. benthamiana. (C) Inoculated lesions of
ASsarf6 detached unwounded/wounded leaves of N. benthamiana. (D) Lesion areas of ASsarf6 on
wounded/unwounded leaves of N. benthamiana. Data were recorded at 36 h post inoculation. Bar =10
mm. Image ] was used to analyze the lesion area. The experiment was repeated three times with
similar results. Error bars represent SD. The statistical significance between WT and knockout mutant
strain or complemented strains was analyzed using Student's t-test (**p<0.01). WT represents the wild-
type strain; ASsarf6, the knockout strain; SsArf6-C, the complemented strain.
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4. Discussion

Arf6 is a conserved protein that plays a vital role in the development of fungi, deletion of Arf6
in M. oryzae and A. nidulans results in slower mycelium growth, increased number of mycelial
branches [38,42]. In this study, we identified a homologous protein SsArf6 in S. sclerotiorum, which
shares a high degree of similarity with Arf6 proteins in other plant pathogenic fungi. Knockout of
SsArf6 led to impaired hyphal development, increased branching and melanin accumulation,
excessive growth of aerial hyphae as well as negatively impacted sclerotia yield in S. sclerotiorum.

Fungal melanin, as a potent antioxidant, protects cells by scavenging hydrogen peroxide,
hydroxyl radicals, and superoxide anions [52]. To investigate whether or not SsArf6 mutant be
tolerant to oxidative stress due to its melanin accumulation, we simulated oxidative stress by adding
different concentrations of hydrogen peroxide exogenously to evaluate the antioxidant capacity of
the SsArf6 deletion mutant. As expected, ASsarf6 mutants indeed exhibited significant tolerance to
oxidative stress caused by hydrogen peroxide, compared to WT and SsArf6-C. Additionally, we
observed that ASsarf6 mutants were more sensitive to hyperosmotic stress but unaffected by cell wall
inhibitory agents, indicating that SsArf6 plays an important but different roles in responding to
different abiotic stress.

Appressoria and oxalic acid are essential for the interaction between S. sclerotiorum and its
host.The formation of appressoria helps to break down the physical barriers of the host, such as the
cell wall and cuticle [53], and oxalic acid is a key virulence factor in the invasion process, as its
secretion enhances the activity of hydrolytic enzymes [26], induces programmed cell death in plants
[54], and inhibits host defenses [27]. The absence of SsArf6 resulted in abnormal appressoria
development while it did not affect oxalic acid secretion in S. sclerotiorum, suggests that SsArf6 is
involved in the interaction between S. sclerotiorum and its host other than oxalic acid pathway.
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In M. oryzae, Arf6 was reported to be not essential for its pathogenicity [38]. When fungal
virulence of the SsArf6 deletion mutant was assessed, we observed significantly decreases compared
to WT and SsArf6-C strain. Furthermore, when infection assays were performed on wounded leaves
of N. benthamiana, the area of infection by the ASsarf6 mutant significantly increased compared to
unwounded leaves 36 hours post inoculation, although it still remained to be significantly lower than
that of the WT and SsArf6-C strains under the same infection conditions. These evidences indicated
an essential role of SsArf6 in fungal virulence to hosts, except for its function in appressoria formation
of S. sclerotiorum. Further characterization is needed regarding the specific mechanisms by which
SsArf6 regulates the formation of appressoria and pathogenicity.

Taken together, SsArf6 is involved in mycelial growth, appressorium development, and stress
response in S. sclerotiorum, and contributes to the infection process and fungal virulence to host
plants. Our study provides evidence for understanding of the role of Arf6 in the interaction between
S. sclerotiorum and its hosts.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Figure S1: Knockout of SsArf6 in S. sclerotiorum. (A) The schematic diagram of the
strategy used for knockout of SsArf6. The SsArf6, Hygromycin phosphotransferase (hph), and G418 resistance gene
NEO were denoted by yellow, red, and green rectangles, respectively. The labeled primers in the diagram were
used for amplifying flanking sequences of SsArf6 or facilitating mutant screening. (B) The verification of
knockout of SsArf6 by PCR. Genomic DNA obtained from WT, knockout mutant ASsarf6 were utilized as
templates for PCR. A total of six primer pairs were employed to detect the insertion of hph and its upstream and
down-stream fragments, as well as to confirm the knockout of SsArf6. The sizes of the amplified bands were
indicated within brackets. The lanes labeled as M represent the DNA marker. Figure S2: Complementation of
SsArf6 in ASsarfo mutants of S. sclerotiorum. (A) The schematic diagram of the strategy used for the
complementation of ASsarf6. The SsArf6, Hygromycin phosphotransferase (hph), and G418 resistance gene NEO
were denoted by yellow, red, and green rectangles, respectively. The labeled primers in the diagram were used
for amplifying full-length genomic DNA of SsArf6 or facilitating transformant screening. (B) The verification of
complementation of SsArf6 by PCR. Genomic DNA obtained from the deletion mutant ASsArf6, and
complemented strain SsArf6-C were utilized as templates for PCR. A total of six primer pairs were employed to
confirm the complementation of SsArf6. The sizes of the amplified bands were indicated within brackets. The
lanes labeled as M represent the DNA marker. Figure S3: The semi-quantitative RT-PCR analysis of the mutant
strains ASsArf6 and SsArf6-C. Table S1: Primers in this study.
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