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Identification of the pathogenic fungi associated with apple valsa canker

in Inner Mongolia, China
MA Qiang", JU Mingxiu®, LIU Qingyan’, ZHANG Lei', LI Zhengnan', SUN Pingping"
("College of Horticulture and Plant Protection, Inner Mongolia Agricultural University, Hohhot 010018, Inner Mongolia, China; *Plant

protection and quarantine station of Bayannur, Linhe 01500, Inner Mongolia, China)

Abstract: [Objective] Apple valsa canker, also known as “apple cancer”, is one of the most important
diseases of apple trees. Inner Mongolia Autonomous Region, located at the northeast district of apple
growing area in China, is famous for its high-quality fruits owing to the abundant sunshine and larger
temperature difference between day and night. The climate in Inner Mongolia is dry and cold, which is
conducive for the occurrence of apple valsa canker diseases. Little information, however, has been
known about the species of the pathogenic fungi associated with apple canker disease in this area. This
study aimed to isolate and identify the pathogenic strains associated with apple canker in Inner Mongo-
lia based on morphological and molecular characteristics. [Methods] Symptomatic branches were col-
lected from ‘Jinhong’ trees in the Qianhe apple orchard around Hohhot, Inner Mongolia, China. Bark
pieces at the border of healthy and diseased tissue were surface-disinfected with 1% sodium hypochlo-
rite for 3 min and 75% ethyl alcohol for 30 s, and washed three times in sterile distilled water. The sur-
face-disinfected pieces were placed on Potato Dextrose Agar (PDA) plates containing rifampicin, and in-
cubated at 25°C. The hypha at the colony frontier was repeatedly transferred into the new PDA plates,
until the pure colonies were received. Isolated fungi were tested for pathogenicity on sterilized healthy
apple branches. Specifically, healthy branches on 2-year-old ‘Jinhong’ trees were cut into 20-cm-long
segments, surface-disinfected in 1% sodium hypochlorite for 5 min and 75% ethyl alcohol for 30 s,

washed three times with sterile distilled water, dried at the room temperature, and both ends were then
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sealed with wax. Subsequently, the sterilized branch segments were scalded by the head of nails, inocu-
lated with the 6 mm diameter fungal mycelial plugs, and wrapped with wet degreasing cotton and para-
film. Inoculated branches were placed in the plastic tray, covered with parafilm, and incubated at 25 ‘C,
16 h light/8 h dark cycle and 70% humidity. The degreasing cotton was removed after 3 days. The strain
Cytospora Mali YL1, isolated from apple in Yangling, Shaanxi, was used as positive control, and PDA
disk was used as negative control. The obtained pathogenic isolates were then identified based on their
morphological and molecular characteristics. For the morphological characteristics, isolates were cul-
tured on PDA plates at 25 °C, and their colonial morphology was observed after 3, 10 and 60 days. The
mycelium and conidia on the PDA plates were examined under a microscope, and the conidia and pyc-
nidium on the inoculated branches were observed under the microscope or stereoscope. For the molecu-
lar characteristics, isolates were cultured at 25 ‘C for 7 days, their mycelium was collected by the steril-
ized toothpicks, and DNA was extracted from the obtained isolates. The genes of the internal transcrip-
tional spacer (ITS), the ribosomal large subunit (LSU), the transcription prolongation factor (EF) and
the beta-tubulin (BTU2) of the obtained isolates were amplified by the ITS1/ITS4, NL1/NL4, EF1-
688F/EF1-1251R, and Bt2a/Bt2b primer pairs. The PCR products were purified using the gel purifica-
tion kit, and cloned into a PMD19-T vector. The reaction mixture was transformed into Escherichia coli
DHS5a competent cells. Three positive colonies from each transformation were selected and sequenced
by Sangon Biotech. Obtained sequences were modified by the Vector NTI Advancell, and submitted to
the NCBI. The received sequences were aligned with those published in NCBI by Clustal X software,
edited manually by the BioEdit software, and connected as the ITS-LSU-EF-BTU2 sequences. The se-
quence identities based on ITS-LSU-EF-BTU2 sequences between the isolates and those published in
NCBI were analyzed using SDT software with the Clustal W method, and phylogenetic trees based on
the multi-locus sequences were built by MEGA 6.0 with the neighbor-joining method. [Results] Two
strains, named QH1 and QH2, were isolated from the branches. Sterilized healthy ‘Jinhong’ branches
inoculated with the QH1, QH2 or YL1 developed typical symptoms of apple canker disease, i.e., black
fruiting bodies (pycnidium) formed, and yellow mucilaginous mass of conidia oozed out from the fruit-
ing bodies under humid conditions. Conidia were hyaline, allantoid, and aseptate. The transverse micro-
tome section of the pycnidium showed labyrinthine chambers. The colonies of QH1 and QH2 grown on
PDA were white and villiform initially, and then changed moderately to kelly or brown separately after
10 days. Conidiomata began to form abundantly after 60 days grown on PDA plates. The morphological
characteristics of QH1 and QH2 coincided with the Cyfospora species. The sequence identity based on
the ITS-LSU-EF-BTU2 genes of the QH1, QH2 and the reported Cytospora species was 76.1%-84.5%.
Phylogenetic analysis based on the ITS-LSU-EF-BTU2 genes showed that QH1 clustered with C. schul-
zer, and QH2 clustered with C. mali.[Conclusion] Two strains of apple valsa canker associated patho-
genic fungi were isolated in Inner Mongolia, China, and they were identified as C. schulzer and C. Ma-
li. This is the first study on identifying the pathogenic fungi of apple valsa canker in Inner Mongolia,
via both morphological characteristics and molecular marker genes.

Key words: Apple valsa canker; Inner Mongolia; Pathogenic fungi; Isolation; Identification; Pathoge-

nicity detection
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Table 1 Primers used for the amplification of ITS, LSU, EF and BTU2 genes

HEER  amak SEsl SECHLE B30
Target Primer Primer sequences (5°-3") Annealing temperature/C Reference
ITS ITS1 TCCGTAGGTGAACCTGCGG 51 [17]

ITS4 TCCTCCGCTTATTGATATGC
LSU NLI GCATATCAATAAGCGGAGGAAAAG 55 [18]

NL4 GGTCCGTGTTTCAAGACGG
EF EF1-688F CGGTCACTTGATCTACAAGTGC 55 [19]

EF1-1251R CCTCGAACTCACCAGTACCG
TUB2 Bt2a GGTAACCAAATCGGTGCTGCTTTC 61 [20]

Bt2b ACCCTCAGTGTAGTGACCCTTGGC

TR AR A R 2 a2 AT
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Table 2 The reference gene sequences of valsa canker strains used for nucleotide sequence identity analysis

and phylogeny analysis in this study

4 FE Hb 5 kR GenBank %3¢ 5 GenBank No.
Species name Host Location Strain number ITS LSU EF TUB2
Cytospora sacculus ik Hk CFCC 89624 KR045645  KR045724  KP310860  KR045686
Juglans regia Gansu
Hf CFCC 89625 KR045646 KR045725 KP310861 KR045687
Gansu
(it} CFCC 89626 KR045647 KR045726 KU710934 KR045688
Shaanxi
i) CFCC 89627 KR045648 KR045727 KU710935 KR045689
Shaanxi
Cytospora schulzeri R TH CFCC 50040 KR045649 KR045728 KU710936 KR045690
Malus domestica ~ Ningxia
pizAN i CFCC 50042 KR045650 KR045729 KU710937 KR045691
Malus asiatica Qinghai
SR % QHI1* MN483200  MN483202  MN491913  MN491915
Jinhong Inner Mongolia
Cytospora mali L& 1L vg CFCC 50031 KR045636 KR045716 KU710927 KR045677
Crataegus sp. Shanxi
3y i CFCC 50044 KR045637 KR045717 KU710928 KR045678
Malus baccata Qinghai
SR MZE QH2* MN483201  MN483203  MN491914  MN491916
Jinhong Inner Mongolia

TR AR S R
Note: *. Strains identified in this study.

B Cc

A.PDA(CK);B.YL1;C. QHI;D. QH2.
1 ‘L FREFEM20 dAVER
Fig. 1 Symptoms of ‘Jinhong’ branches inoculated
after 20 days
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Pk QH2 7E PDA K 75 2k E3597 3 d JR TR V& 2
WPIR I, T 22388, 5~6 d R B 22 R K (0, 0
GoREE, 10 dFHESE B E(E2-CD ;60 d 5K
B BROR A AR (- 2-C2) s B 24 EH A2 %133 um
(E2-C3) s ATt Rt HER (- 2-C4) ;
PER BN B FL D (B 2-CS) , W 24, B4
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— LA (E2-C6) o MR B VR R AIE S = AR T2
W15 F M QH2 W45 & 7 F A& (Cyrospora sp.) F A
AL
23 REEDFEESER

K38 ] 51 % ITS1/1TS4 .NL1/NL4 . EF 1-688F/
EF1-1251R Al Bt2a/Bt2b, M B #% YL1.QH1.QH2 4
YT 1 F £ 600+ 600 630+ 550 bp [ F K A B (
3, A R H 5% B — H 5 UH RN — 5
IS 12 6 B AT 26
24 FI—BMMRZLZESH

I SDTv.1.2 B A7 #r T Btk QH1 M1 QH2 &5
M GenBank U4/ 2 3K 15 (1) 8 NN [ 3 S S 424905 A
PR ITS-LSU-EF-TUB2 % K 42 7 %1 1] (I A% R (7
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A .YLI1,B. QHI, C. QH2; 1-6 are the morphology of colony at 10
d, 60 d on PDA medium, mycelium, conidia, conidiomata, and trans-
verse microtome section of the conidiomata.
2 RREMSEHE
Fig.2 Morphological characteristics of pathogenic fungi

M CK YL1IQHI QH2 M CK YLI QHI QH2

M CK YL1 QHI QH2 M
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b5 Ay 3P SR T S 0 0 S BRI PR 2 TA) ) — EUiE R
76.1%~83.5% (K 4).
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5, R AP KIS, QHI 54 A T '
BRI T F 3% B (CFCC 50040) A1 144 78 T 16 41
Y B (CFCC 50042) 1] C. schulzeri P R EEAE—E, &
F—AN53 3. QH2 5 1l 78 44 K 1 Ll A A% (CFCC
50031) #1135 ¥ 44 ¥ 75 17 1L 3] CCFCC 50044) 1]
C. mali RELE—L,

3 % w
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28 H R, S L DR T 1 AR Y. 4y AR
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ARSI 2T 807 1 B A TR (R P R v
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KB AT R A IE T AT R R IR AE X
3, a0 1TS K& PR AE % € (8] )4 5% J& (Diaporthaceae)
IR JH i & (Colletotrichum) 55 — ¢ Jg& 1 A i Fh b A7
FE ) fRE2, Vu S5 TR, 2R TR R R
AN BE KT 1 53 28 52 BIE 53 97 8 94.3% . 88.5%
81.2%F1 80.9% o DAl AN A 5 ITS /> Jk PR %of J5 2
I3 A ST RPN EAT 20 2 — e R PR MR, B
J& LSU.EF #l TUB2 S5 {7 57 2 R B i S 4 T2 T
TE 252 JITS K 7 51 A G635 [X 43 FF 1) B 18 ol 1) 43
Frp T AR ORI IR AL E RS 4G

CK YLI QHl QH2

3 YL1.QHI1.QH2HJITS(A) LSU(B) .EF(C)F1 TUB2(D)EE ) PCR /1 KA &
Fig. 3 PCR amplification gel diagram of ITS(A), LSU (B), EF (C) and TUB2(D) genes of YL1, QH1, and QH2
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Fig. 4 Matrixes of nucleotide identity between QH1 and

QH2 and other apple tree canker isolates
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QH1.QH2 5 M At ih [X 73 2515 21 1) 3 FL 5 12

_96|: C SllCCMlMS CFCC89624
76 C. sacculus CFCC89625

C. sacculus CFCC89627

C. sacculus CFCC89626
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56 _|:C mail CFCC50031
96 C. mail CFCC50044

C. mali

65 C. schulzeri CFCC50042
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5 ERWBRERISEREFFITS-LSU-EF-TUB2) R4 & B
Fig. 5 Multi-locus gene phylogram of apple tree canker based on ITS-LSU-EF-TUB2 sequences
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