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Abstract 25 

Background: Common bunt of wheat, caused by Tilletia laevis Kühn, is one of the 26 

most devastating wheat diseases worldwide, prevalent in wheat-growing regions 27 

across the globe. The diseased wheat grains are replaced by galls and emit a fishy 28 

odor, seriously affects the yield and quality of flour. Results: In this study, TlCDA 29 

was identified from T. laevis and shown to possess chitin deacetylase activity, which 30 

is upregulated during the early infection stage of T. laevis in wheat. Transient 31 

expression of TlCDA inhibits programmed cell death, suppressed the accumulation of 32 

reactive oxygen species and reduced the expression level of defense-related genes in 33 

Nicotiana benthamiana, indicating that TlCDA can promote the infection of T. laevis 34 

by inhibiting immune defense response in plant. Deletion of TlCDA suppressed the 35 

growth and pathogenicity of T. laevis, highlighting the significance of TlCDA in the 36 

host-pathogen interaction. Moreover, TlCDA can protect teliospores in T. laevis from 37 

being damaged by chitinase in vitro. Conclusions: Collectively, these findings 38 

identify TlCDA as a key virulence factor of T. laevis and a promising target for 39 

chemical control of common bunt. 40 

Key words: Tilletia laevis, Chitin deacetylase, Plant immunity 41 

1. Introduction 42 

In the interaction between plants and pathogens, the plant immune system typically 43 

recognizes pathogen-associated molecular patterns (PAMPs) through 44 

pattern-recognition receptors (PRRs), thus initiating pattern-triggered immunity (PTI) 45 

(Wang et al., 2008; Dodds and Rathjen, 2010; Oliveira-Garcia and Valent, 2015; 46 

Buscaill and Van, 2021). PAMPs are usually conserved molecules specific to 47 

pathogenic microorganisms (Zhang and Zhou, 2010). Chitin, a β1,4 - linked 48 

N-acetylglucosamine biopolymer present in the fungal cell wall, is a well-known 49 

PAMP (EI Gueddari et al., 2002; Liu et al., 2013; Oliveira-Garcia and Valent, 2015; 50 

Sánchez-Vallet et al., 2015; Gong et al., 2020). When attacked by fungi, plants secrete 51 

chitinases into the apoplast region to degrade chitin, release chitin oligomers, and 52 

disrupt the fungal cell wall (Gueddari et al., 2002; Shimizu et al., 2010; Lee et al., 53 



2014; Fiorin et al., 2018; Volk et al., 2019; Han et al., 2019). These chitin oligomers 54 

are sensed by specific cell-surface receptors containing a lysin motif (Lysm) in plants, 55 

and activate intracellular immune signaling through mechanisms such as the 56 

mitogen-activated protein kinase (MAPK) pathway, initiating PTI (Liu et al., 2012; 57 

Bigeard et al., 2015; Xu et al., 2017; Andersen et al., 2018; Figueroa et al., 2021). The 58 

PTI response triggers the activation of the MAPKs, the production of reactive oxygen 59 

species (ROS), callose deposition, and the expression of immune-response genes, 60 

ultimately preventing fungal colonization (Kämper et al., 2006; Torres et al., 2006; 61 

Kinoshita and Seki, 2014; Li et al., 2016). 62 

In order to evade the host immune mechanisms, pathogens have evolved a variety of 63 

counter-strategies. Recent studies have shown that pathogenic fungi can secrete a 64 

chitin-remodeling enzyme called chitin deacetylase (CDA, EC 3.5.1.41) (Liu et al., 65 

2023), which can catalyze the deacetylation of chitin in the cell walls of 66 

plant-pathogenic fungi, converting it into chitosan, which is a poor substrate for 67 

chitinases, thus masking the chitin in the cell wall (Brunner et al., 1998; 68 

Sanchez-Vallet et al., 2015), and avoiding this defense mechanism (Cord-Landwehr et 69 

al., 2016; Gao et al., 2019; Xu et al., 2020).  70 

The CDA gene has multiple functions in the growth, development, and infection 71 

processes of pathogenic fungi. Gao et al. (2019) identified a secretory polysaccharide 72 

deacetylase (VdPDA1) from Verticillium dahliae that is specifically localized to 73 

fungus-host interfaces, which can enhance the virulence of the pathogen by directly 74 

deacetylating chitin oligomers, and inhibit the production of ROS, MAPK 75 

phosphorylation, and the expression of resistance-related genes in the immune 76 

response induced by chitooligosaccharides. Rizzi et al. (2021) analyzed seven chitin 77 

deacetylases UmCDA1-UmCDA7 secreted by Ustilago maydis. The results showed 78 

that the cda7 deletion mutant has a virulence defect, and cda4 is involved in the 79 

formation of the chitosan layer surrounding biotrophic hyphae. By combining 80 

different cda gene mutations, it was found that certain CDAs have both functional 81 

redundancy and specific functions. The expression of PoCda7 secreted by Pyricularia 82 

oryzae is suppressed in the early stage of infection. Subcellular localization 83 



experiments show that PoCda7 is localized in the cell wall. As a result of decreased 84 

appressorium turgor pressure and impaired appressorium-mediated invasion, the 85 

virulence of the ΔPocda7 mutant was significantly reduced in host plants (Dai et al., 86 

2021). The chitin deacetylase BgtCDA1 secreted by Blumeria graminis f. sp. tritici 87 

can deacetylate chitin to chitosan to suppress the plant immune response triggered by 88 

chitin. The aspartic protease TiAP1 that interacts with BgtCDA1 can inhibit this 89 

function of BgtCDA1, enabling the wheat chitin receptor to recognize chitin and 90 

trigger an immune response (Yang et al., 2022). The chitin deacetylase FgPDA5 91 

secreted by Fusarium graminearum is an important virulence factor. Its 92 

polysaccharide deacetylase structure is crucial for the pathogenicity of F. 93 

graminearum. FgPDA5 also shows high affinity for chitin substrates, and its mediated 94 

deacetylation of chitosan prevents the activation of plant defense responses (Hu et al., 95 

2023). The chitin deacetylase PsCDA2 secreted by Puccinia striiformis f. sp. tritici is 96 

induced to express during the initial invasion of wheat and inhibit plant programmed 97 

cell death (PCD) and the basic plant immune response triggered by chitin, including 98 

callose accumulation and the expression of defense genes. In addition, PsCDA2 can 99 

protect the urediniospores of P. striiformis f. sp. tritici from damage by host chitinases 100 

in vitro (Xiao et al., 2023).  101 

Tilletia laevis Kühn, the causative agent of common bunt of wheat, is one of the most 102 

devastating wheat pathogens worldwide, prevalent in wheat-growing regions across 103 

the globe (Wilcoxson and Saari, 1996; Aydoğdu, 2020). Symptoms mainly appear on 104 

the spikelets of infected wheat. The glumes open slightly outward, and the inside of 105 

the grains is filled with teliospores, emitting a fishy smell (Wilcoxson and Saari, 106 

1996). This disease can cause a 25%-50% reduction in wheat yield or even a complete 107 

crop failure, severely affecting the yield, quality, and commercial value of wheat. 108 

In this study, we found that TlCDA secreted by T. laevis with CDA activity. To 109 

investigate the role of TlCDA in the infection of wheat by T. laevis, we analyzed the 110 

expression pattern of TlCDA, CDA activity, and effects on plant programmed cell 111 

death, ROS accumulation, and the expression of pathogenesis-related genes. This is 112 

the first study on the chitin deacetylase of T. laevis, which helps us understand the 113 



infection pattern of T. laevis and provides a theoretical basis for the comprehensive 114 

control of common bunt of wheat. 115 

2. Material and methods 116 

2.1 Fungal and plant material 117 

The susceptible wheat cultivar Dongxuan 3 was used in this study. Wheat seeds were 118 

sterilized with 30% NaClO and then germinated on sterile moist muslin cloth for 1 119 

month. The vernalized wheat seeds were then planted in pots (with a mixture of 120 

organic matter and soil at a ratio of 1:2), and cultured in growth chambers (LT-36VL; 121 

Percival Scientific, USA) under 24 hours of light and 60% relative humidity. N. 122 

benthamiana was grown at 25°C for 3-5 weeks in a greenhouse with 16 h of light and 123 

8 h of dark. The teliospores of T. laevis were cultured in an incubator (MLR 352 H, 124 

Panasonic, USA) at 15 °C under a 24 h light cycle. After 7 days of cultivation, the 125 

germination of teliospores was observed under an automatic inverted fluorescence 126 

microscope (IX83, Olympus, Japan) and hyphae were collected with sterile water. 127 

2.2 Bioinformatics Analysis 128 

The conserved domain of TlCDA was analyzed by SMART (https://smart.embl.de/). 129 

SignalP 5.0 (https://services.healthtech.dtu.dk/services/SignalP-5.0/) was used to 130 

predict the signal peptide sequence of TlCDA. The alignment of homologous proteins 131 

and the construction of the phylogenetic tree were performed by ClustalW in Mega7 132 

software. 133 

2.3 RNA extraction and cDNA synthesis 134 

Total RNA of wheat and N. benthamiana samples was extracted using the RNAsimple 135 

Total RNA Kit (Tiangen Biotech, China) following the manufacturer�s protocol. 136 

Hifair® AdvanceFast 1st Strand cDNA Synthesis Kit (Yeasen Biotech, China) was 137 

used to remove the residual genomic DNA and to synthesize cDNA through the 138 

reverse transcription reaction. qPCR was performed using a SYBR green-based qPCR 139 

assay with SuperReal qPCR PreMix (Tiangen Biotech, China) on a qPCR instrument 140 

(ABI 7500, Thermo Fisher, USA). NbAct1 (Xiao et al., 2023) and RPS17 (Gupta et al., 141 

2013) were used as the internal reference genes for qPCR. qPCR conditions were used 142 



as follows: 95°C for 15 min, then 40 cycles of 95°C for 10 s, 60°C for 15 s and 72°C 143 

for 20 s. The primers used in this study are listed in Table S1. 144 

2.4 Detection of deacetylase enzyme activity 145 

A chitin deacetylase (CDA) ELISA kit was used to detect the deacetylase enzyme 146 

activity of TlCDA according to the manufacturer's instructions. CDA combined with 147 

the CDA antibody labeled with horseradish peroxidase (HRP) to form an 148 

antibody-antigen-enzyme complex. After complete washing, the substrate 149 

tetramethylbenzidine (TMB) was added, which caused the TMB substrate to turn blue 150 

due to the catalytic activity of the HRP enzyme. The intensity of the color was 151 

positively correlated with the deacetylase activity. The OD450 was then measured 152 

using a microplate reader (Multiskan FC, Thermofisher, USA), and the activity 153 

concentration of TlCDA was calculated through the standard curve. 154 

2.5 Secretory Analysis of Signal peptide 155 

The restriction enzymes EcoRI and XhoI were used to digest the vector pSUC2. SP of 156 

TlCDA was predicted by SignalP 5.0 and cloned by PCR. Then, the cloned sequences 157 

were combined with pSUC2 vector and transformed into competent cells of yeast 158 

strain YTK12. Positive colonies were randomly selected and transferred to SD/Trp 159 

liquid medium and cultured at 28°C for 3 d and then moved to CMD-W and YPRAA 160 

media respectively for assay of transformant secretion. Avr1b and Mg87 were used as 161 

positive and negative controls. 162 

2.6 Transient expression in N. benthamiana 163 

In the Bax-induced PCD inhibition assay, recombinant vectors (pGR107:GFP, 164 

pGR107:TlCDA, pGR107:Bax) were constructed and transformed into A. tumefaciens 165 

competent cells GV3101 for transient expression. A. tumefaciens carrying 166 

pGR107:GFP and pGR107:TlCDA was injected into N. benthamiana leaves with 167 

injection buffer (10 mmol/L MES, 200 μmol/L AS, 10 mmol/L MgCl2). After 24 h, a 168 

challenge inoculation of A. tumefaciens carrying pGR107:BAX was conducted. Cell 169 

death phenotypes in N. benthamiana leaves were photographed after 5 days and 170 

further validated by trypan blue staining (Li et al., 2021). The localization signal was 171 

observed under a laser confocal microscope (Zeiss, Oberkochen, Germany) 2-3 days 172 



after agro-infiltration.  173 

2.7 Measurement of ROS accumulation 174 

The level of ROS in N. benthamiana leaves was measured using DAB and NBT. 175 

N. benthamiana leaves expression TlCDA and GFP was soaked in 2 mg/mL DAB or 176 

0.5 mg/mL NBT solution for 5 h in the dark. The decolourization solution (ethanol: 177 

acetic acid: glycerol, 3:1:1) was used for the decolorization of N. benthamiana leaves 178 

at 95°C for 15 minutes. 179 

2.8 Fungal gene deletion and complementation 180 

The hyphae of T. laevis were hydrolyzed by enzymatic hydrolysis mixture (1.5% 181 

Driselase, 1.5% Snailase and 1.5% Lywallzyme in 1.2 mol/L KCl) at 28°C, 180 rpm 182 

for 2.5 h to obtain protoplasts (Shen et al., 2018). ClonExpress II One Step Cloning 183 

Kit (Vazyme, China) was used to ligate the upstream and downstream flanking 184 

sequences of TlCDA with hygromycin phosphotransferase (hph) fragments in pUC19 185 

vector. The recombinant fragments were then co-introduced into protoplasts of T. 186 

laevis and screened on hygromycin-resistant plates. For the complementation strain, 187 

the TlCDA sequence was inserted into the pGNT2 vector with its native promoter and 188 

transformed into protoplasts of the ΔTlCDA-1 mutant, followed by screening on 189 

G418-resistant plates All mutants were examined by PCR. The primers used in this 190 

study are listed in Table S1. 191 

3. Results 192 

3.1 Bioinformatics analysis and enzyme activity assay of TlCDA 193 

The sequence of TlCDA (KAE8185245) was analyzed using SMART 194 

(https://smart.embl.de/). The results showed that amino acids 1 to 19 constitute a 195 

signal peptide, and the amino acids from 109 to 231 constitute the Polysacc_deac_1 196 

domain (PF01522) (Fig. S1A).  197 

The sequence alignment of TlCDA with CDA proteins from other fungal species was 198 

performed (Fig. 1A). The results indicated that the 15 CDA proteins exhibited 199 

substantial structural similarities and possessed five conserved domains associated 200 

with CDAs, including motif 1 (TxDD), motif 2 (HTxxH), motif 3 (RxPY), motif 4 201 



(DxxD) and motif 5 (LxH) (Aragunde et al., 2018; Grifoll-Romero et al., 2018; Xiao 202 

et al., 2023). A phylogenetic tree of 22 CDAs from different fungi was constructed, 203 

results indicated that CDAs are conserved in Tilletia spp. (Fig. S1B). To investigate 204 

the expression pattern of TlCDA during the process of T. laevis infecting wheat, wheat 205 

samples after inoculation at 12 h, 24 h, 36 h, 48 h, and 60 h were collected. qPCR was 206 

performed to detect the changes in the expression level of TlCDA (Fig. 2B). The 207 

results indicated that the expression level of TlCDA reached a peak at 24 h after 208 

inoculation, indicating that TlCDA is involved in the early infection process of T. 209 

laevis. 210 

3.2 The deacetylase activity analysis of TlCDA 211 

The deacetylase activity of TlCDA was evaluated using a chitin deacetylase (CDA) 212 

ELISA kit, with GFP as the negative control. The results showed that the substrate 213 

solution turned blue when TlCDA was present (Fig. 2a). A standard curve of enzyme 214 

activity was generated using serial dilutions of standard samples (Fig. 2b). These 215 

results indicate that TlCDA has chitin deacetylase activity and may promote the 216 

infection of T. laevis by evading the plant immune response triggered by chitin. 217 

3.3 TlCDA is a secretory protein and located to the plasma membrane 218 

Prediction by SignalP 5.0 revealed that a typical signal peptide (SP) is located at the 219 

N-terminus of TlCDA (Fig. S1A). To detect whether the SP was functional in 220 

secretion, the signal peptide of TlCDA was ligated to the pSUC2 vector and 221 

transformed into the yeast strain YTK12, which was then cultured on CMD-W and 222 

YPRAA screening media respectively. The SP sequence of the effector Avr1b and the 223 

SP sequence of Mg87 were used as positive and negative controls, respectively (Fig. 224 

3A). The results showed that, similar to the positive control, yeast strain YTK12 225 

transformed with TlCDASP could grow normally on both CMD-W medium and 226 

YPRAA medium, while YTK12 and the negative control could only grow on CMD-W 227 

medium. This indicates that TlCDA is a secretory protein. 228 

To further determine the localization information of TlCDA, a pBin-GFP recombinant 229 

vector (TlCDA-GFP) was constructed, and the transient expression mediated by A. 230 

tumefaciens was used to observe the localization of TlCDA-GFP in N. benthamiana 231 



under a laser confocal microscope (Zeiss LSM980), and 1300-PM-RFP was used as a 232 

marker for the plasma membrane (Fig. 3B). The results showed that the fluorescence 233 

signal of TlCDA-GFP was detected in the plasma membrane, which was consistent 234 

with that of 1300-PM-RFP. 235 

3.4 TlCDA suppresses plant immunity in N. benthamiana 236 

Bax is a mouse-derived apoptotic factor and an activator of programmed cell death, 237 

which can be used to achieve rapid high-throughput screening of effectors from 238 

various pathogens (Lacomme et al., 1999). To test whether TlCDA has a potential 239 

regulatory role in suppressing PCD, A. tumefaciens carrying pGR107:TlCDA was 240 

injected into N. benthamiana, followed 24 h later by injection of A. 241 

tumefaciens carrying pGR107:BAX. pGR107:GFP and injection buffer were used as 242 

negative controls  (Fig. 4A). The results showed that necrosis occurred in the areas 243 

injected with pGR107:GFP and buffer but not in pGR107:TlCDA (Fig. 4A). Trypan 244 

blue staining of the injected N. benthamiana leaves indicated that TlCDA suppresses 245 

Bax-induced cell death (Fig. 4A). 246 

Furthermore, peroxidases and superoxide anions (O₂⁻) were stained with 247 

3,3′-diaminobenzidine (DAB) and nitroblue tetrazolium (NBT) respectively. The 248 

results showed that, compared with the GFP control, staining intensities of 249 

peroxidases (Fig. 4B) and O₂⁻ (Fig. 4C) decreased in N. benthamiana leaves 250 

expressing TlCDA, indicating that TlCDA suppresses the accumulation of ROS. 251 

We also evaluated the expression of plant immune marker genes in N. benthamiana 252 

leaves transiently expressing TlCDA after infiltration with chitin. It was found that the 253 

transcriptional levels of NbPR1a, NbPR2, NbPR3 and NbRBOHD in N. 254 

benthamiana leaves were significantly decreased after transiently expressing TlCDA 255 

(Fig. 4D). These results suggest that TlCDA can inhibit chitin-induced plant immunity 256 

by suppressing the expression of immune-related genes. 257 

3.5 The growth rate and pathogenicity of the ΔTlCDA mutant are reduced 258 

In order to investigate the effect of TlCDA on the biology of T. laevis, 259 

TlCDA-deletion strains (ΔTlCDA-1, ΔTlCDA-2 and ΔTlCDA-3) and and a 260 



complementation strain (ΔTlCDA-1-C) were generated (Fig. S2). All mutants were 261 

cultured on complete medium (CM) plates (Li et al., 2020) for 7 days. The diameters 262 

of the colonies were measured. Compared with the wild type, the colony diameters of 263 

the ΔTlCDA-1, ΔTlCDA-2, and ΔTlCDA-3 mutants were significantly reduced, 264 

whereas there was no significant change in the ΔTlCDA-1-C mutant. In addition, we 265 

investigated the effect of chitinase on the mutants. The results indicated that the 266 

colony diameters of the ΔTlCDA-1, ΔTlCDA-2, and ΔTlCDA-3 mutants were 267 

significantly smaller than that of the wild type after the addition of 10 mM chitinase, 268 

whereas no significant difference was observed between the ΔTlCDA-1-C mutant and 269 

the wild type. (Fig. 5).  270 

To verify the impact of TlCDA on the pathogenicity of T. laevis, wheat plants were 271 

inoculated with the ΔTlCDA mutant or the wild type. Compared with the wild type, 272 

the number of black galls on wheat infected with ΔTlCDA decreased (Fig. 6a). 273 

Incidence statistics indicated that the incidence of wheat infected by ΔTlCDA was 274 

roughly 22.25%, which was significantly lower than the approximately 57.95% 275 

incidence of wheat infected by the wild type (Fig. 6b). Further detection of the 276 

biomass of T. laevis showed that the relative biomass of the pathogen in wheat 277 

inoculated with ΔTlCDA was about 0.36, which was significantly lower than that of 278 

the wild type (Fig. 6c). The above results suggest that TlCDA affects the 279 

pathogenicity of T. laevis. 280 

3.6 TlCDA mitigates the inhibition of teliospore germination caused by chitin. 281 

To verify the protective role of TlCDA on T. laevis, an experiment on the inhibition of 282 

teliospores germination by chitin was conducted. The crude extract of wheat chitinase 283 

was employed to inhibit the germination of T. laevis teliospores by decomposing 284 

chitin in the cell wall. The germination rate of teliospores was approximately 74.73%, 285 

dropping to roughly 5.82% after the addition of chitinase, while it rose to 286 

approximately 24.29% when TlCDA and chitinase coexisted (Fig. 7). 287 

4. Discussion 288 

Chitin is the core structure of the cell wall and is widely distributed in filamentous 289 



fungi (Bulawa, 1993; Bernard et al., 2001; Latgé, 2007; Bowman et al., 2010). Plants 290 

have developed a variety of strategies to detect fungal pathogens and initiate 291 

corresponding immune responses (Feng et al., 2019). Chitin fibril fragments derived 292 

from the fungal cell wall can be recognized by PRRs of plants and act as PAMPs, 293 

triggering PTI (Wang et al., 2008; Dodds and Rathjen, 2010; Oliveira-Garcia and 294 

Valent, 2015; Buscaill and Van, 2021).  295 

Pathogenic fungi have evolved a new strategy: disguising chitin to evade plant 296 

recognition, thereby suppressing PTI (Volk et al., 2019; Sánchez-Vallet et al., 2020; 297 

Martínez-Cruz et al., 2022). Previous studies have shown that CDAs regulate the 298 

fungal cell wall during growth and cell division, protect chitin from degradation by 299 

chitinases, and affect pathogenicity (Christodoulidou et al., 1996; El Gueddari et al., 300 

2002; Baker et al., 2007; Goldman et al., 2012; Gao et al., 2019; Rizzi et al., 2021; 301 

Dai et al., 2021; Yang et al., 2022; Hu et al., 2023; Xiao et al., 2023).  302 

In this study, TlCDA secreted by T. laevis was predicted to contain a Polysacc_deac_1 303 

domain and a signal peptide (Fig. S1A). Sequence alignment with other reported 304 

fungal CDAs revealed that CDAs from different fungi possess similar conserved 305 

domains (Fig. 1A), indicating the functions of CDAs are conserved in fungi. 306 

Phylogenetic analysis showed that CDAs are conserved in Tilletia spp. (Fig. S1B). 307 

Because TlCDA demonstrated deacetylase activity and may facilitate T. 308 

laevis infection, wheat samples were collected at different times after inoculation to 309 

characterize the expression pattern of TlCDA (Fig. 1B). The results showed that the 310 

relative expression of TlCDA reached a peak at 24 h after inoculation, indicating 311 

TlCDA is involved in the early infection process of T. laevis. The deacetylase activity 312 

of TlCDA was then measured and standard curve of deacetylase activity was 313 

conducted (Fig. 2), suggesting that TlCDA exert deacetylase activity and may protect 314 

the cell wall of T. laevis from being degraded by chitinases. The signal peptide 315 

function of TlCDA was verified using the yeast system, and the results indicated that 316 

TlCDASP exhibited secretory activity (Fig. 3A), suggesting that TlCDA is a secretory 317 

protein. Transient expression in N. benthamiana revealed that TlCDA is localized to 318 

the cell membrane (Fig. 3B) and can inhibit Bax-induced cell death (Fig. 4). 319 



Moreover, TlCDA was found to impede the accumulation of ROS and the expression 320 

of defense-associated genes in N. benthamiana (Fig. 4). Collectively, these results 321 

strongly suggest that TlCDA likely promotes the infection process of T. laevis by 322 

inhibiting chitin-induced immunity. TlCDA deletion and complementation strains 323 

were then generated (Fig. S2). The colony diameters of ΔTlCDA grown for 7 d on CM 324 

medium and CM + 10 mM chitinase medium were significantly smaller than those of 325 

the WT and ΔTlCDA-1-C (Fig. 5), indicating that TlCDA affects both the growth and 326 

chitinase resistance of T. laevis. Furthermore, the incidence rate and pathogen biomass 327 

in wheat inoculated with ΔTlCDA were significantly reduced compared with those in 328 

wheat inoculated with the complementation strain or the wild type (Fig. 6), indicating 329 

that TlCDA affects the pathogenicity of T. laevis. The teliospore germination 330 

experiment indicated that TlCDA could mitigate the inhibitory effect of chitinase on 331 

teliospore germination (Fig. 7). Based on the above results, we speculate that TlCDA 332 

exhibits CDA activity to protect chitin from hydrolysis by chitinase, thereby 333 

suppressing chitin-induced immunity and ultimately promoting the infection and 334 

colonization of T. laevis (Fig. 8).  335 

CDAs play crucial roles in the processes of fungal growth, development, and 336 

pathogenicity. Analyzing the functions of CDA in T. laevis can enrich and improve the 337 

physiological and biochemical understanding of fungi and deepen our understanding 338 

of the basic laws of fungal life activities. Moreover, CDAs can serve as targets for 339 

antifungal agents (Zanni et al., 2022; Liu et al., 2022; Liu et al., 2023). Future 340 

research will focus on developing novel prevention and control strategies based on 341 

CDA, aiming to ensure the safe production of wheat, safeguard global food security, 342 

reduce economic losses caused by diseases, cut down on the use of chemical 343 

pesticides, ease environmental pressure, and contribute to the realization of 344 

sustainable agricultural development. Our study has revealed a mechanism by which 345 

fungi inhibit the plant immune response. This research not only helps us understand 346 

the interaction between pathogens and hosts but also provides a new target for the 347 

control of common bunt of wheat. 348 
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Figure Legends  548 

Figure 1. Multiple protein sequences alignment and expression pattern of TlCDA. (A) 549 

Multiple protein sequences alignment of TlCDA. TlCDA (KAE8185245), 550 

UmCDA1-7 (XP_011386452, XP_011387091, XP_011389242, XP_011387743, 551 

XP_011387928, XP_011391520, XP_011388681), SsCDA6 (CDW97409), BgtCDA1 552 

(KE374986), FgPDA5 (FGSG_03544), PsCDA2 (KNE92947), ClCDA (AY633657), 553 

VdPDA1 (NW_009276934), PoCDA7 (MGG_05023). The �His-His-Asp� metal 554 

binding triad (★), catalytic base (▲), and catalytic acid (※) are labelled (Aragunde et 555 

al., 2018). (B) Expression pattern of TlCDA. Data shown are the means ± standard 556 

deviation calculated from three independent biological replications. ns: P > 0.05, ***: 557 

P < 0.001, ****: P < 0.0001. hpi: hours post inoculation.  558 

Figure 2. The deacetylase activity of TlCDA. a: the deacetylase activity of TlCDA 559 

(100 μg/mL) was measured using the chitin deacetylase ELISA kit. b: the standard 560 

curve of deacetylase activity according to the dilution of the standard samples. The 561 

standard samples were 32, 64, 96, 128, 160 IU/L. Green circles indicate TlCDA and 562 

black circles indicates standard samples. 563 



Figure 3. TlCDA is a secretory protein. (A) Function detection of TlCDASP. Mg87 564 

and YTK12 were used as negative control, Avr1b was used as positive control. (B) 565 

Subcellular localization of TlCDA in N. benthamiana. 1300-PM-RFP was used as 566 

positive control. 1 bar=20 μm.  567 

Figure 4. TlCDA suppress plant immunity in N. benthamiana. (A) TlCDA suppresses 568 

Bax induced programmed cell death. (B) TlCDA suppresses chitin-induced plant 569 

immunity. a: N. benthamiana leaves stained by DAB (a) and NBT (b) after expressing 570 

TlCDA (left) and GFP (right). (C) The relative expression of defense-associated genes 571 

in N. benthamiana. Date was analysed by one-way ANOVA, **** indicating P < 572 

0.0001. 573 

Figure 5. TlCDA affects the growth of T. laevis. (A) Colony morphology of TlCDA 574 

deletion and complementary mutants after 7 days of growth. (B) Statistics of colony 575 

diameters. Different letters indicate significant differences (one-way ANOVA, P < 576 

0.01). 577 

Figure 6. TlCDA affects the pathogenicity of T. laevis. (A) Disease symptoms of 578 

wheat infected with WT、ΔTlCDA and ΔTlCDA-1-C. (B) Statistics of the incidence of 579 

wheat inoculated with the wild type and ΔTLCDA respectively. (C) Statistics of the 580 

pathogen biomass of wheat inoculated with the wild type and ΔTlCDA respectively. 581 

Different letters indicate significant differences (one‐way ANOVA, P < 0.01). 582 

Figure 7. TlCDA mitigates the inhibition of teliospores germination caused by 583 

chitinase. (A) Germination of teliospores was observed under optical microscope, 1 584 

bar=50 μm. (B) The germination rate of teliospores was significantly differences 585 

under different treatments. Date was analysed by one‐way ANOVA, ** indicating P < 586 

0.01, **** indicating P < 0.0001.  587 

Figure 8. The mechanism by which chitin deacetylase inhibits plant immunity. 588 

Supplementary Materials 589 

Fig. S1. Bioinformatics analysis of TlCDA. (A) Three-dimensional structure of 590 

TlCDA. Blue color indicates signal peptide, yellow color indicates polysacc_deac_1  591 

domain. (B) Phylogenetic analysis of 22 CDAs from different fungi. 592 



Fig. S2. Examination of TlCDA deletion and complementation stains. M: DL 2000 593 

DNA ladder. Lane 1, 5, 9, 13, 17: Amplification of upstream fragments. Lane 2, 6, 10, 594 

14, 18: Amplification of downstream fragments. Lane 3, 7, 11, 15, 19: Amplification 595 

of TlCDA fragments. Lane 4, 8, 12, 16, 20: Amplification of hph fragments.  596 

Table S1. List of primers used in this study. 597 
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