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ABSTRACT 
Pseudofabraea citricarpa (Dermateaceae: Helotiales) is known as a significant pathogen causing Citrus 
target spot disease and results in profound yield loss. In the present study, the complete mitochondrial 
genome (mitogenome) determined based on next-generation sequencing technology. The circular 
mitogenome (56,935 bp) comprised 14 conserved protein-coding genes (PCGs), 16 ORFs, two ribosomal 
RNA genes (rns and rnl), one non-coding RNA gene (rnpB), one ribosomal protein S3 (rps3) and 28 
transfer RNA (tRNA) genes. The overall base composition is as follows: 36.08% A, 35.25% T, 13.04% C, 
and 15.63% G, with a GC content of 28.70%. The phylogenetic analysis shows that P. citricarpa, belong-
ing to Dermateaceae, forms a separate clade and is sister to Sclerotiniaceae. The mitogenome of P. cit-
ricarpa reported in this study provides more molecular data for further research on the evolutionary 
relationships of Helotiales.
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Introduction

Pseudofabraea citricarpa (Zhu et al.) Chen et al. (2016) infect 
Citrus spp. causing target spot, was described as a fungal dis-
ease in 2012 (Zhu et al. 2012). The disease was first reported 
on Citrus unshiu Marcow (1921) in Chenggu county, Shaanxi 
province, China (Xiao et al. 2021). A large number of citrus 
trees fell ill or died, the yield declined sharply, and some 
orchards were destroyed, which severely restricted the local 
economic development due to citrus target spot (Yang et al. 
2019). In our present survey, the species distributed in 
Shaanxi, Chongqing, Hunan, and Hubei provinces of China, 
tending to invade the upper reaches of the Yangtze River. 
The citrus target spot pathogen initially identified as 
Cryptosporiopsis citricarpa Zhu et al. (2012) based on Koch’s 
postulates and molecular phylogenetic and morphological 
characteristics (Zhu et al. 2012). Then, the species was recom-
bined into P. citricarpa (Chen et al. 2016). The fast detection 
method for the citrus target spot pathogen was developed 
based on a SCAR mark (Yang et al. 2018). The critical patho-
genicity factors of P. citricarpa involved in the induction of 
citrus target spots were determined by comparative tran-
scriptomic and secretomic analyses (Yang et al. 2019). 
However, little known about the genetic diversity and 

genomic information of P. citricarpa. This study aims to 
describe the mitochondrial genomes (mitogenome) of P. citri-
carpa, to provide insight into the genetics and evolutionary 
biology of P. citricarpa.

Materials and methods

Strains of P. citricarpa were isolated from citrus target spot 
leaves in the Yiling District, Yichang, Hubei province, China 
(111�0027.30800E, 30�46042.64200N) (Figure 1). The strain 
YLSDP74 was deposited at Food Crops Research Institute, 
Yunnan Academy of Agricultural Sciences, China (https:// 
www.yaas.org.cn, Mingliang Ding, dml@yaas.org.cn).

Mycelia cultured at 25 �C for 15 days before sequencing. 
The total genomic DNA of P. citricarpa was extracted using 
the Ezup Column Fungi Genomic DNA Purification Kit. 
Whole-genome sequencing was performed at the Cloud 
Health Medical Group Ltd using Illumina XTen sequencing 
system (Illumina Inc., San Diego, CA). The mitogenome of P. 
citricarpa assembled and annotated using the software 
GetOrganelle version 1.7.5 and MFannot tools, respectively 
(Utomo et al. 2019; Jin et al. 2020). Predictive annotations of 
tRNA genes was conducted using tRNAscan-SE 2.0.10 
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software (Chan and Lowe 2019). The OGDRAW version 1.3.1 
(Greiner et al. 2019) used to draw the mitogenomic circu-
lar map.

To investigate the phylogenetic relationship of 
P. citricarpa to other 14 fungal species in Helotiales, and 16 
mitogenomes were downloaded from the NCBI database and 
combined with the P. citricarpa for phylogenetic analysis. 
Pseudocercospora fijiensis (M. Morelet) Deighton (1976) and 
Pseudocercospora mori (Hara) Deighton (1976) designated as 
the outgroup. The phylogenetic trees constructed using 
RAxML v 8.2.12 (Alexandros 2014) with the optimal model 
GTR þ F þ I þ I þ R3 and 1000 rapid bootstrap replication 
on 13 PCGs.

Results

The complete mitogenome sequence of P. citricarpa depos-
ited in GenBank (accession no. ON960225). The average 
coverage depth registered an impressive �901, accompanied 
by a minimum depth of �327 and a substantial maximum 

Figure 1. Symptoms of Citrus target spot on C. unshiu caused by Pseudofabraea 
citricarpa. Photographed by Quan Chen on 18 January 2021.

Figure 2. The circular mitogenome map of Pseudofabraea citricarpa.
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depth of �1891 (Supplementary Figure S1). The circular gen-
ome (56,935 bp) comprised of 14 conserved protein-coding 
genes (PCGs), 16 ORFs (orf100, orf106, orf126, orf148, orf184, 
orf208, orf210, orf262, orf297, orf315, orf329, orf352, orf376, 
orf482, orf523, and orf812), two ribosomal RNA genes (rns and 
rnl), one non-coding RNA gene (rnpB), one ribosomal protein 
S3 (rps3), and 28 transfer RNA (tRNA) genes (Figure 2). The 14 
PCGs respectively encoded the seven ubiquinone reductase 
subunits of NADH (nad1, nad2, nad3, nad4, nad4L, nad5, and 
nad6), three cytochrome oxidase subunits (cox1, cox2, 
and cox3), three ATP synthase subunits (atp6, atp8, and atp9), 
and the apocytochrome b (cob). The total length of 14 PCGs 
and 16 ORFs was 27,744 bp, which accounted for 48.73% of 
the whole mitogenome. The 28 tRNA genes (trnH(gtg), 
trnQ(ttg), trnR(tct), trnR(acg), trnR(tcg), trnM(cat), trnC(gca), 
trnH(gtg), trnQ(ttg), trnN(gtt), trnL(tag), trnF(gaa), trnA(tgc), 
trnL(taa), trnM(cat), trnM(cat), trnE(ttc), trnT(tgt), trnP(tgg), 
trnS(tga), trnI(gat), trnW(tca), trnS(gct), trnD(gtc), trnG(tcc), 
trnK(ttt), trnV(tac), and trnY(gta)) ranged in size from 70 bp to 
86 bp. The overall base composition was as follows: 36.08% 
A, 35.25% T, 13.04% C, and 15.63% G, with a GC content of 
28.70%. Phylogenetic analysis showed that P. citricarpa within 
Dermateaceae was close to species of Sclerotiniaceae 
(Figure 3).

Discussion and conclusions

The mitogenome of P. citricarpa consists of 14 PCGs, 16 
ORFs, rns, rnl, rnpB, rps3, and 28 tRNA. Among the 14 PCGs, 
the longest gene is nad5 (2247 bp), while the shortest is atp8 
(147 bp). The mitogenome of P. citricarpa exhibits a signifi-
cantly higher proportion of AT nucleotides compared to 
those of Sclerotinia, Monilinia, and Ciborinia (Mardanov et al. 
2014; Medina et al. 2020; Yildiz and Ozkilinc 2020; Valenti 
et al. 2021). The phylogenetic tree confirms the position of 
Dermateaceae within Helotiales and provides robust molecu-
lar evidence for the classification of Pseudofabraea species. 

Several provinces in China have reported citrus target spot, 
causing significant harm to the citrus industry (Chen et al. 
2023). In confronting this challenge effectively, leveraging the 
capabilities of molecular markers derived from the P. citri-
carpa mitochondrial genome holds the promise of refining 
the accuracy in pinpointing and monitoring the extent and 
severity of citrus target spot disease. This endeavor promises 
to yield crucial revelations for timely disease detection and 
proactive preventive approaches, thereby establishing a resili-
ent foundation for orchestrating disease surveillance and 
control endeavors.
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