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ABSTRACT

Apple bull’s eye rot is caused by pathogenic Neofabraea species including N. malicorticis, N. perennans and N. alba.
Fruits carrying this fungal quarantine disease are prohibited from entering China. The host plants for the pathogens in-
clude several Rosaceae fruits including apple and pear. Disease symptoms and pathogen morphology are often insuffi-
cient to determine the identity of the pathogen, particularly at the species level. In the current study, we analyzed the
inter-species sequence variations in the S-tublin gene, and designed specific primers to allow PCR amplification of 554
bp fragments from pathogenic Neofabraea species. The PCR products were recovered and sequenced, and Blast search
was conducted using the DNA sequences in the Genbank database. The results indicated precise PCR amplification of

the target sequences from the host pathogen, which allowed unambiguous identification of the species.
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1. Introduction

Apple anthracnose (Bull’s Eye Rot) has been a long-
standing problem in the European and American apple
industry for over a century [1], and contaminated fruits
have been prohibited to enter China to prevent the fungal
quarantine disease. In recently year, it has occurred re-
gularly overseas and caused significant economic losses.
Due to the heightened risk, China has classified it as Ca-
tegory Al quarantine pest disease. Apple bull’s eye rot is
caused by species in the Neofabraea spp, previously clas-
sified into Pezicula before 1999 [2]. The pathogens caus-
ing apple bull’s eye rot are primarily three Neofabraea
species, namely N. malicorticis, N. perennans and N.
alba [3,4]. Among them, N. malicorticis and N. peren-
nans are regarded as the same species in Europe, differ-
ent from the US.

These pathogens cause similar symptoms [5-8]. On-
site inspection and quarantine is conducted primarily
through initial morphological assessment. In the early
stage, the fruit skin shows only small spots. After several
months of storage until the marketing stage, the small
spots gradually enlarge to become round-shaped rot le-
sion of 1 - 2.5 c¢cm in size or even greater. The lesions are
typically flat or slightly sunken, light to dark brown in
color. The central lightly colored area, light brown to
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yellow brown, resembles bull’s eye, and the rotten tissue
has a rigid texture. Based on the symptom characteristics
and pathogen morphology, the disease can be tentatively
concluded as apple bull’s eye rot. However, limitation in
the inspection and quarantine experience often dimin-
ishes the chance of conclusive assessment, especially
when determining the specific species. In these cases,
molecular biological methods are required to achieve ra-
pid and accurate detection.

In the current study, we designed specific PCR primers
based on the g-tublin gene sequences in order to identify
the causative Neofabraea species. Specifically, the PCR
products were sequenced, and the sequence was subject-
ed to blast analysis in the Genbank database. The se-
quence comparison was found to allow accurate identi-
fication of the particular pathogen. In 2009, we success-
fully applied this method and identified the pathogen
isolated from US-imported apple as N. perennans.

2. Materials and Methods
2.1. Bacteria Strains

This study used bacterial strains obtained from American
Type Culture Collection (ATCC), Chinese Academy of
Inspection and Quarantine (CAIQ), as well as isolates
collected by Liaoning Entry-Exit Inspection and Quaran-
tine Bureau (LNCIQ) from external sources (Table 1).
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Table 1. List of culture used.

No. Culture name Reference Source
1 Neofabraea perennans ATCC 26206 ATCC
2 N. perennans ATCC 13904 ATCC
3 N. perennans LN Npl LNCIQ
4 N. perennans LN Np2 LNCIQ
5 N. perennans LN Np3 LNCIQ
6 N. morticisalic ATCC 13903 ATCC
7 N. alba ATCC 38338 ATCC
8 N. alba ATCC 16504 ATCC
9 Leucostoma cincta ATCC 64877 ATCC
10 Sphaeropsis pyriputrescens ~ MYA-2947 ATCC
11 Diaporthe perniciosa ATCC 38578 ATCC
12 Leucostoma persoonii ATCC 62911 ATCC
13 Phialophora malorum ATCC 26778 ATCC
14 Venturia inaequalis ATCC 11096 ATCC
15 Leptosphaeria maculans L.m-21 LNCIQ
16 Fusarium solani LD-3 LNCIQ
1y s virguliforme FV-171 CAIQ
18 fructicojl‘:zl(zl%;ntz) honey PB-1 CAIQ
19  Tilletia controversa Kiihn TCK-27 CAIQ
20 1 Contsy Punithaimgm V1% CAIQ

Phoma medicaginis var.
21 medicaginis Malbr. & AV-13 CAIQ

Roum

2.2. Pathogen Isolation and Morphological
Characterization

Rotten tissues from affected apples devoid of conidia for-
mation were collected and subjected to routine tissue se-
paration methods. The samples were inoculated into po-
tato dextrose agar (PDA) medium and incubated at 20°C.
Conidia were collected 3 days later for microscopy. If clear-
ly visible at the lesion surface, conidia were directly used
to prepare slides for light microscopy, and images were
acquired to record the morphological features of the
pathogen and to measure the size of the coindia.

2.3. Design and Synthesis of PCR Detection
Primer

We used the National Center for Biotechnology Informa-
tion (NCBI) database and conducted a comprehensive
comparison of the sequences of N. malicorticis, N. per-
ennans and N. alba. It was found that the highly con-
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served fS-tublin gene shows species-specific sequence va-
riations. Therefore, primers were designed to amplify a
554 bp fragment corresponding to part of the g-tublin
harboring species-specific markers. The forward and re-
verse primers are as follows: F 5°-CTT TCT CCG TTG
TCC CAT CC-3’ and R 5’-GAA CAT TGC GCA TCT
GGT CC-3’, respectively. The primers were synthesized
by Takara Bioengineering Co. (Dalian, China).

2.4. DNA Extraction and PCR Amplification and
Detection

Promega SP fungal DNA kit was used to extract fungal
DNA according to the manufacturer’s instruction.

PCR reactions (30 pL) contained the following com-
ponents: 10 x PCR buffer, 3 pL; 10 pmol/L primers, 1
pL each; 2.5 mmol/L dNTP, 4 uL; Taqg DNA polymerase
(TaKaRa, DRRO30A; 5 U/uL), 0.3 pL; template DNA
(50 £ 10 ng DNA), and dH,0.

PCR reaction conditions were as follows: 94°C 2 min;
98°C 10 sec, 57°C 30 sec, 72°C 30 sec, for 30 cycles;
72°C 5 min; 4°C for storage.

The electrophoresis buffer (1 x TAE) was used to pre-
pare a 1.2% agarose gel. The samples were prepared by
mixing 10 - 15 uL PCR amplification product with 2 pL
loading buffer, and loaded onto the gel with 100 bp Lad-
der DNA Marker. Electrophoresis was carried out at 110
V constant voltage for 20 min. The gel was subjected to
Goldview fluorescence staining and gel images were
acquired.

2.5. Sequence Analysis and Blast Comparison

PCR products were recovered with PCR Fragment Puri-
fication Kit (TaKaRa, DV807A), sequenced by Takara
(Dalian, China). The sequences were subjected to Blast
search in the Genbank database and the identified homo-
logous sequences were ranked according to sequence ho-
mology.

3. Results
3.1. Specific PCR Amplification

We investigated the specificity of PCR amplification
using the reference bacterial strains shown in Table 1.
As shown in Figure 1, following PCR amplification and
electrophoresis, only N. malicorticis (ATCC 13903), N.
perennans (ATCC 26206, ATCC 13904) and N. alba
(ATCC 38338, ATCC 16504) produced the expected 554
bp positive amplification products which was absent in
the other strains. Although faint bands were detected in a
few strains, the sizes were clearly distinct from 554 bp.
Together, these results indicated that the g-tublin PCR
primers were highly specific for the pathogenic Neo-
fabraea species responsible for apple bull’s eye rot.
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Figure 1. Electrophoresis of PCR amplification products of
N. malicorticis, N. perennans and N. alba. M. 100 bp ladder
DNA marker; 1) ATCC 26206; 2) ATCC 13904; 3) ATCC
13903; 4) ATCC 38338; 5) ATCC 16504; 6) ATCC 64877; 7)
FV-171; 8) GV-190; 9) PB-1.

3.2. Sequencing and Blast Search Analysis

The positive PCR products described above were puri-
fied for sequencing, and the sequences were used as
query for blast search of the Genbank database. The ana-
lysis revealed that the PCR product sequences derived
from N. malicorticis (ATCC 13903), N. perennans (ATCC
26206, ATCC 13904) and N. alba (ATCC 38338, ATCC
16504) were identical to the Genbank S-tublin sequences
from N.malicorticis (Genbank: AF281470, AF281469
etc.), N. perennans (Genbank: AF281476, AF281475,
AF281474, AF281473 and AF281472) and N. alba (Gen-
bank: AF281455, AF281454.1, AF281453 and AF281452).
These results indicated that amplification of species-
specific S-tublin gene fragments was able to distinguish
the three pathogenic species, namely N. malicorticis, N.
perennans and N. alba.

3.3. Identification of Previously Collected
Pathogen Samples

In 2009, Liaoning and Guangdong Entry-Exit Inspection
and Quarantine Bureau in China [9] independently iden-
tified contaminated samples exhibiting bull’s eye rot.
These samples were subjected to the above PCR analysis
and the characteristic g-tublin gene fragments were ob-
served, confirming the identity of the pathogen as one of
the pathogenic Neofabraea species. The PCR products
were sequenced, and blast search revealed that the se-
quences were identical to the N. perennans (Genbank:
AF281476) p-tubulin DNA sequence (44 - 562 bp), indi-
cating that the collected samples were caused by N. per-
ennans.

The N. perennans f[-tublin sequences obtained from
these samples have been submitted to and accepted by
Genbank (GU386354).

4. Discussion

In 1997, Altschul et al. completed the sequencing of Ne-
ofabraea genomes and submitted the sequences to Gen-
bank [10]. Since the Internal Transcribed Spacers (ITS)
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regions among the Neofabraea species are highly similar,
it is difficult to use these sequences to distinguish the
species. A reliable method to identify the Neofabraea
species should thus be based on selection of appropriate
gene fragments with strong species specificity. To select
the optimal gene fragment, we utilized the NCBI data-
base, and conducted a comprehensive analysis of the
inter-species sequence variation. Among several candi-
dates, we selected the highly conserved g-tublin gene.
Previously, p-tublin sequence variation was observed
among Neofabraea species [6]. We determined that the
conserved region can be used to design primers to am-
plify sequence containing species-specific sequences. Us-
ing both the forward and reverse g-tublin primers as the
query sequences for Tax BLAST search, the results indi-
cate 100% match with all homologous sequences from
Neofabraea species.

In this report, we described for the first time a mo-
lecular biological method for detection of apple bull’s
eye rot pathogens, using p-tublin sequence markers to
distinguish the three pathogenic Neofabraea species in-
cluding N. malicorticis, N. perennans and N. alba. If the
expected 554 bp PCR product is observed, the PCR
product should be sequenced for blast search of the da-
tabase to identify the species with the identical g-tublin
sequence. Apple is a major fruit, and primarily produced
north of the Yangtze River in China. The apple produc-
tion industry plays an important role in local economy.
Although bull’s eye rot cases have not been reported in
China, entry of the pathogens could cause severe loss in
apply production. Therefore, the rapid and accurate mo-
lecular detection method described herein is important to
minimize the risk of entry of the pathogens.
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