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Abstract: [Objective]The apple postharvest disease seriously affect the development of apple industry.
In 2021, our research team found that dark brown spots occurred on the stored Honeycrisp apples in the
cold storage of Shuanghe city, Xinjiang Uygur Autonomous Region (XUAR), and the fruit damage rate
reached 50%. This study identified the pathogenic bacterium which would cause brown spots on Honey-
crisp apples. [Methods]1The purified strains were obtained by single spore isolation, and were inoculat-
ed on apple fruits in vitro to identify the pathogenicity. The classification status of strains was deter-
mined by morphological characteristics and molecular technology. According to Koch's postulates, the
fruits were inoculated through wound inoculation and no wound inoculation and were placed in a sterile
fresh-keeping box. The inoculum was removed 24 h after inoculation and the lesion diameter was used
to measure and record by the vernier caliper from the 3rd d to the 18th d. The strains were reisolated af-
ter the same lesions appeared, then we observed and recorded the morphology, color, growth rate and
spore production of colonies on the second day. The mycelial diameter, spore morphology and size were
observed and recorded under the optical microscope to clarify its morphological characteristics. The
Ezup column fungal genome DNA extraction kit was used to extract DNA. The ITS1 and ITS4 were
used to amplify the internal transcribed spacer (ITS) sequence, the NL1 and NL4 were used to amplify
the ribosomal large subunit (LSU). The products were detected by 1% agarose gel electrophoresis. The

primers and products were sequenced by Shanghai Sangon Bioengineering Co., Ltd (Shanghai, China).
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The sequences were spliced with seqman v.7.1.0 software and blast alignment. we constructed phyloge-
netic trees by Maximum parsimony (MP), Maximum likelihood (ML) and Bayesian (BI) using com-
bined polygenic fragments. The bootstrap support rate of MP and ML were greater than or equal to
50%, and BI was greater than or equal to 90%. Finally, the phylogenetic tree was used to clarify the tax-
onomic status of pathogens. [Results]A total of 27 strains were isolated from the 45 diseased fruit tis-
sue blocks with typical lesions. Among them, 14 strains were white colonies, and the highest isolation
rate was 31.11%. There were 13 other strains, including 7 bacteria, 3 Alternaria fungi and 3 unknown
fungi. The isolation rates of the strains with white colonies were 20%, 46.67% and 26.67% respectively
when the disinfection time was 3, 5 and 7 min. After inoculating the strain into the fruit, the fruits of the
control and no injury treatment had no disease. After 48 hours of treatment, yellowish brown micro
round spots were formed. The hyphae penetrated and adhered to the fruit surface. When the culture time
was extended to 15 days, the lesion color changed from yellowish brown in the initial stage to yellowish
brown in the middle and dark brown at the edge. The average expansion rate of the diseased spots was
0.63 mm-d"'. The basidiospores and colonies basically consistent with the morphological characteristics
of the original inoculated strain XJAU-PG-1 could be obtained from the inoculated diseased apple
spots. Therefore, XJAU-PG-1 was further determined to be the pathogenic strain of apricot rot of Hon-
eycrisp apple. The colony growth rate of strain XJAU-PG-1 was 15 mm-d"' at 25 C on PDA medium.
The colony was always white and expanded radially and the initial hyphae were loose and thick. The ba-
sidiospores are oval or pear shaped, with slightly sharp and slightly skewed base, colorless and transpar-
ent, size (2.4-3.6) umx(1.7-2.4) um. The phylogenetic analysis of polygenic sequences included 26 se-
quences, including 1590 total characters, 1135 constant characters, 82 variable characters and 373 parsi-
mony- informative characters. The heuristic searched bootstrap method constructed an MP tree, TL =
896, CI =0.762, RI =0.902, RC = 0.688, HI = 0.238 for analysis. The ML tree and BI tree were consis-
tent with the MP tree topology. The phylogenetic tree showed that strains XJAU-PG-1, XJAU-PG-2 and
A. bombacina were clustered together with a support rate of 100/100/100. Combined with the morpho-
logical characteristics, strains XJAU-PG-1 and XJAU-PG-2 were identified as Athelia bombacina.
[Conclusion] Strain XJAU-PG-1 was isolated from the postharvest diseased Honeycrisp apple fruits.
According to the morphological characteristics and the comprehensive analysis of molecular phylogeny
of multi gene (ITS, LSU) fragments, strains XJAU-PG-1 and XJAU-PG-2 were identified as A. bom-
bacina. Through the determination of its pathogenicity and the verification of Koch’s rule, 4. bombaci-
na was determined to be the pathogen of apple fruit rot. This is the first time to report that 4. hbombacina
was the pathogen of apricot rot occurred on Honeycrisp apple during storage.
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F1 RHEXRBEHNHTHBENF GenBank THAFIEER

Table 1 Sequences downloaded from GenBank and newly generated sequences obtained in phylogenetic analysis

4 HikEE HE IS TEE GenBank 3% 5 Accession numbers ik sz
Species Isolate No. Host Location ITS LSU Reference
A. acrospora UC2022956 Litter or well decayed wood USA KP814375 — [7]

A. acrospora UC2022957 Litter or well decayed wood USA KP814332 — [7]

A. arachnoidea CBS 105.18 — Germany KY025592 MHS866181 [8]

A. arachnoidea CBS 418.72 Populus sp. Netherlands GU187504 GU187557 [9]

A. bombacina HGAB Pyrus spp. China MH201276 MH213145 [10]

A. bombacina HXSAB Pyrus spp. China MH201278 MH213147 [10]

A. bombacina XLAB Pyrus spp. China MH201277 MH213146 [10]

On litter or well decayed wood

A. bombacina UC2023122 in pinaceous forest USA KP814299 — [7]

A. bombacina XJAU—PG—1  Malus pumila Mill. China OK 149651 OK 157431 This study
A. bombacina XJAU—PG—2  Malus pumila Mill. China OK560823 OK560851 This study
A. decipiens GB0090493 — Sweden LR694193 LR694170 [11]

A. decipiens TUFC 14532 Culture Japan LC516617 — [12]

A. decipiens L—10567 — USA GU187537 GU187592 [9]

A. epiphylla TUFC 33567 Culture Japan LC516618 — [12]

A. epiphylla TUFC 33568 Culture Japan LC516619 — [12]

A. neuhoffii GB0087199 — Sweden LR694195 LR694172 [11]

A. pellicularis CCFC 30532 — USA U85799 — [13]

A. pyriformis Hjm 18581 (GB) — Sweden EU118605 — [13]

A. rolfsii ATCC 201126 — — AF499018 AF499019 [14]

A. rolfsii SPL15006 Ipomoea batatas Korea KY446390 KY446370 [15]

A. rolfsii SPL15004 Ipomoea batatas Korea KY446392 KY446370 [15]

A. singularis JS 25630 (GB) — Norway GQ162813 GQ162813 [15]

A. termitophila TUFC 14530 Culture Japan LC516620 LC516626 [12]

A. termitophila TUFC 31133 Culture Japan LC516621 LC516627 [12]

A. termitophila TUFC 34057 Culture Japan LC516622 LC516628 [12]

A. termitophila TUFC 34079 Culture Japan LC516623 LC516630 [12]
Granulobasidium vellereum  CBS 124595 — Netherlands MH863395 MH874913 [11]

VE: XJAU-PG-1 fil XJAU-PG-2 NAT 5 E b s — N TCAH S F 1

Note: Strain of this study are XJAU-PG-1 and XJAU-PG-2; —. Not applicable.
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A B K TR SR BT 122 e B M S AR AR SO REIR s B. SRS I L Heh 4 d 5 RS SAEIR s D. HeF 15 d JE RS RIER .
A. The natural symptom of Athelia bombacina causing postharvest fruit rot on Honeycrisp apple; B. Fruit control; C. Symptoms occurred 4 days af-

ter fruit inoculation; D. Symptoms occurred 15 days after fruit inoculation.
E1 mEEBUSMENE
Fig. 1 Pathogenicity test

A H53% 3 dCIETHD s B. ¥53% 9 d(IETD 5 C. #53F 9 dUR DD, 40T 7R =10 um.
A. Culture for 3 d (front); B. Culture for 9 d (front); C. Culture for 9 d (back); D. Basidiospore; Scale bars=10 um.
2 E# XJAU-PG-1 7£ PDA EHE FMEERS
Fig.2 Colony morphology of strain XJAU-PG-1 on PDA medium
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59/81/1001 Athelia acrospora UC2022956
Athelia acrospora UC2022957
Athelia epiphylla TUFC33567
Athelia epiphylla TUFC33568
Athelia arachnoidea CBS 105.18
Athelia arachnoidea CBS 418.72

Athelia decipiens TUFC14532
Athelia decipiens L-10567
Athelia neuhoffii GB0087199

Athelia termitophila TUFC 14530

100/100/100

100/100/100

thelia bombacina XJAU-PG-1
thelia bombacina XJAU-PG-2
Athelia bombacina HGAB
100/100/10 Athelia bombacina HXSAB
thelia bombacina XLAB
Athelia bombacing UC2023122

Granulobasidium vellereum CBS 124595
40.0

Athelia termitophila TUFC 31133
Athelia termitophila TUFC 34057
Athelia termitophila TUFC 34079

Athelia singularis JS 25630(GB)
Athelia pyriformis Hjm 18581(GB)

100/89/97

00/100/100 | Athelia rolfsii ATCC 201126

72/97/100 1 Athelia pellicularis CCFC 30532
Athelia rolfsii SPL15004

Athelia rolfsii SPL15006

3 EF MPBIZERFEATS.LSU) A% % B #(MP/ML/BD)

Fig.3 Phylogrm of combined ITS and LSU gene generated from maximum parsimony (MP) analyses
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