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Abstract

Brown rots of Red Fuji apples were observed in Hangzhou city (Zhengjiang
Province, China). The causal agent was isolated and identified in both mor-
phological and molecular genetic levels. The phenotype and phylogenetic
analysis revealed that the isolate was Diaporthe phaseolorum var. caulivora,
and its pathogenicity on apple fruit was confirmed by re-inoculation experi-
ment. To our knowledge, this is the first report of D. phaseolorum var. cauli-
vora causing postharvest fruit rot on apple in China.
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1. Introduction

Apple (Malus domestica Borkh.) is a kind of popular edible fruit in China and
the apple industry is one of the advantageous industries of China’s agricultural
economy. In 2018, the apple production of China was 39.24 million tonnes ac-
counting for 45.55% of the world total (http://www.fao.org/faostat/en/#data/QC).

Apple fruit containing high levels of sugars and nutrients was susceptible to
fungal infection at suboptimal conditions which lead to serious commercial
losses and mycotoxin contamination for some toxigenic fungi [1] [2] [3].
Developing effective methods for controlling fruit rot is based on precise
recognition of the pathogenic fungi. The most common causes of apple rot
are Penicillium expansum, Rhizopus oryzae, Monilinia fructigena, Colleto-

trichum, Botryosphaeria, and Xylaria. Aspergillus, Cladosporium, Aureoba-
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sidium, Alternaria and Cryptococcus were also found in stored apples [4]
[5]. For minor differences in disease symptoms or different ambient condi-
tions, some other pathogens have not been discovered yet. In this study, the
pathogenic fungi that caused brown rots of Red Fuji apples was isolated from
naturally infected apples and identified through morphological and molecu-

lar characterization.

2. Materials and Methods
2.1. Isolation of Pathogen

Naturally infected apples (Malus domestica Borkh. cv. Red Fuji) were collected
from the local supermarket in Jianggan District of Hangzhou City. For the isola-
tion of the causal agent, a small piece (about 0.2 cm) of necrotic tissue with the
structure of reproduction of fungus was cut from infected apple fruit, disinfected
by 75% ethanol for 2 min followed by rinsing with sterile distilled water,
air-dried, plated onto potato dextrose agar (PDA) medium. After 7 days of cul-
turing, hyphal tips were transferred to PDA and cultured at 25°C under 16 h
photoperiods with a light intensity of 1500 lux. Repeat this step until the colonial
phenotype was stable.

2.2. Identification of Pathogen

Morphological characteristics of isolates (conidia, mycelia, colonies, and symp-
toms) were observed. Also, the total genome DNA of pathogen was extracted
from the mycelia by a DNeasy Plant Mini Kit (Qiagen, Germany) following the
product manual. The internal transcribed spacer (ITS) of rDNA and p-tubulin
regions were amplified using a PrimeSTAR HS DNA Polymerase (Takara, Ja-
pan) and the primer sets ITS1/ITS4
(CTTGGTCATTTAGAGGAAGTAA/TCCTCCGCTTATTGATATGC),
TS4/ITS5
(TCCTCCGCTTATTGATATGC/GGAAGGTAAAAGTCGTAACAAG), and
BT2a/BT2b
(AACATGCGTGAGATTGTAAGT/TCTGGATGTTGTTGGGAATCC) [6] [7].

The amplified products were sequenced using a service from Sangon Biotech

(China) and analyzed online at http://blast.ncbi.nlm.nih.gov/Blast.cgi.

2.3. Evaluation of Fungal Pathogenicity

To confirm the pathogenicity, twelves surface-sterilized apples at commercial
maturity and without mechanical injury were wounded by a sterile syringe
needle. Six apples were inoculated with mycelial plugs (5 mm diameter) from
7-day old cultures. As a negative control, six apples were inoculated with sterile
PDA plugs. All fruit were incubated in a moist chamber at 25°C and 80% hu-
midity with a 16 h light/8 h darkness period. The decay incidence and lesion
diameter were recorded. Two replicates were conducted. The pathogens were

re-isolated from symptomatic fruits and identified by the steps described above.
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3. Results and Discussion

In August 2018, brown rots of “Red Fuji” apples were observed in several su-
permarkets in Hangzhou city (Zhengjiang Province, China). Early symptoms of
fruit rot included light to dark brown lesions with defined margins. In more ad-
vanced stages of the disease, the fruit became completely rotten and soft. In the
PDA plate, the isolated fungus developed fast and quickly formed a dense white
mycelium, which gradually became fluffy. The color of mycelium was white at
first, turning light yellow-green on the front and dark brown on the reverse side
of plates. After 2 weeks of culturing, black stromata with irregular shapes were
visible. The perithecia had a variable-length neck. Conidia were hyaline, round,
elongate to ellipsoidal, or irregular (Figure 1).

After amplification using universal primer pairs, DNA fragments about 600
- 700 bp were obtained, sequenced, and mega blasted. MegaBLAST searches
against GenBank showed that our sequences best matched with 97.69%
(ITS1/1TS4), 97.69% (ITS4/ITS5), and 97.60% (BT2a/BT2b) nucleotide identi-
ty to Diaporthe phaseolorum var. caulivora. Phylogenetic analysis revealed
that the isolate was clustered within D. phaseolorum var. caulivora (Figure 2),
complementing the morphological identification [8]. Thus, the isolate was iden-
tified as D. phaseolorum var. caulivora through morphological and molecular
characterization. The sequence of amplification products by BT2a/BT2b was
deposited in GenBank. Accession No. MK840648
(https://www.ncbi.nlm.nih.gov/nuccore/MK840648). The sequence information
of amplification products using primer sets ITS1/ITS4, ITS4/ITS5 and BT2a/BT2b
was listed in Table 1.

Table 1. The sequence information of amplification products using the primer sets ITS1/ITS4, ITS4/ITS5, and BT2a/BT2b in Di-

aporthe phaseolorum var. caulivora.

Primer pairs Length (bp)
ITS1/ITS4 619
ITS4/ITS5 605

BT2a/BT2b 705

Sequence information

cttggtcatttagaggaagtaaaagtcgtaacaaggtctccgttggtgaaccageggagggatcattgetggaacgegecccaggegcacccagaaaccctttg
tgaacttataccttactgttgcctcggegeaggecggeccccctgggggccccccggagacggggagcageccgecggeggecaagttaactcttgtttttata
ctgaaactctgagaaataaacataaatgaatcaaaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagegaaatgcgataagtaatgtgaa
ttgcagaattcagtgaatcatcgaatctttgaacgcacattgegecctctggtattccggagggceatgectgttcgagegtcatttcaaccctcaagectggettgg
tgttggggcactgegtctctegegggatgeaggeectgaaatteattggegagetcgecaggaccecgagegceagtagttaaacectegetctggaaggecctg
geggtgecctgecgttaaacccccaacttctgaaaatttgacctcggatcaggtaggaatacccgctgaacttaagcatatcaataageggagga

tcctecgcttattgatatgcttaagttcagegggtattcctacctgatccgaggtcaaattttcagaagttgggggtttaacggcagggcaccgecagggectteca
gagcgagggtttaactactgcgctcggggtectggegagcetcgecaatgaatttcagggectgeatcccgegagagacgcagtgecccaacaccaagecagg
cttgagggttgaaatgacgctcgaacaggcatgccctccggaataccagagggcgcaatgtgegttcaaagattcgatgattcactgaattctgeaattcacatt
acttatcgcatttcgctgegttcttcatcgatgccagaaccaagagatccgttgttgaaagttttgattcatttatgtttatttctcagagtttcagtataaaaacaaga

gttaacttggcegeeggegggctgcetececgtctecggggggeccccaggggggecggectgegecgaggeaacagtaaggtataagttcacaaagggtttct
gggtgcgectggggcgegttccageaatgatecctecgetggttcaccaacggagaccttgttacgacttttacttee

cgteggeccatgetgcetttegeatectegtettgecectgageectgagectaccccaccategeggecacgeecteggtegggectcaaaacatcaccaacace
ttgcgacgagceacccagatgecctcageacacgcegtcagattgetaacttgacecttttgetcgectctaggttcacctgcagaccggecaatgegtaagetgete
ctgtcaacaccgccggacgggccttgtcatcgccacccctagetgacacgtttcccagggtaaccaaatcggggctgctttctggggcgggccgectccagete
caagcctgccaccgegaggctcgacgegcecaccatgegacctcgagacacccttactgaccecgaactcttaggcaaaccatctetggegageacggtctega
cagcaatggcgtgtatgcactcctgttccctgtccecgeatcgagecctcceccggettggeactgacaatttgegeagttacaacggceacttccgagettcagete
gagcgcatgaacgtctacttcaacgaggtaagccggceggcecacgtccttgaccagtcctgecaccacggtttccggecgtcgecaggtgecctgetgaccagtta
tcgeccaggcectecggtaacaagtatgtaccecgegecgtectegtegatctcgageccggeccatggacgecegte
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Figure 1. Disease symptom, colony, and morphological characteristics of isolated Diaporthe phaseolorum var. caulivora from
apple. (A) Disease symptom on an apple naturally infected by D. phaseolorum var. caulivora; (B-C) The colonial morphology of
D. phaseolorum var. caulivora on potato dextrose agar after 10 days of incubation at 25°C; (B) photographed from the top of petri
dish; (C) from the bottom of petri dish; (D)Conidia and hyphae were observed under an optical microscope with a 40x objective
lens; (E-F) The surface (E) and cross section (F) of an apple inoculated with the sterile PDA plug as a negative control after 10
days of storage at 25°C; (G-H) The surface (G) and cross section (H) of an apple inoculated by D. phaseolorum var. caulivora after
10 days of storage at 25°C.

Figure 2. Blast results of the PCR products using universal primer pairs ITS1/ITS4 (A), ITS4/ITS5 (B), and BT2a/BT2b (C).
ITS1/1TS4 and ITS4/ITS5 were used for DNA amplification of the ITS gene region. BT2a/BT2b was used for DNA amplification of
beta-tubulin region. The distant tree was produced by BLAST pairwise alignments. Tree method was Fast Minimum Evolution.
Max Seq Difference was 0.75. The database was NCBI NR. Position of the query sequences in the phylogenetic tree was hig-
hlighted by red color.

Through the artificial infection test, all of the inoculated fruit show typical
symptoms and lesion diameter ranged from 2.4 to 4.7 cm after 10 days of cul-
turing. The negative control fruits remained healthy. The results indicated that
the pathogen was highly pathogenic to apples. The re-isolated fungi had mor-
phological characteristics that resembled the original isolates from infected ap-
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ples. The identity of these isolates was confirmed as D. phaseolorum var.
caulivora by sequencing.

Diaporthe phaseolorum var. caulivorav, belonging to the class ascomycetes,
was first found in Iowa in the 1940s which was responsible for soybean stem
canker. In recent years, it has been reported in most soybean-growing regions in
the world with high adaptability in a large number of hosts [9] [10] [11]. The
fungus produces perithecia with asci and ascospores readily on infected senes-
cent and dead plant tissues. Besides, it overwinters in harvest residues and seeds.
The ascospores cause the first infections of young stems in spring and all subse-
quent infections. The fungus could maintain alive in hosts for at least 6-7
months [12]. On susceptible varieties, it can cause losses of up to 50% of the
hosts. So far, the disease can be managed by suitable crop rotations, by culturing
resistant varieties, and by appropriate fungicides, such as benzimidazoles. The
findings in this study could provide some information for precisely controlling

postharvest apple fruit rots.

4. Conclusion

A causal agent for brown rots of “Red Fuji” apples was isolated and identified by
morphological characteristics and molecular identification. To our knowledge,
this is the first report of D. phaseolorum var. caulivora causing postharvest rot

on apple fruit in Zhejiang province, China.
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