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Effect of biocontrol strain Hhs.015 on endophytic bacterial flora of ap-

ple trees
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Abstract: [Objective ] Apple Valsa canker is caused by Valsa mali Miyabe et Yamada which decompos-
es the apple tree bark and even the xylem, it is a serious fungal disease which brings significant damage
to apple productivity in China. Biological control can be used on the plant surface or in vivo, regulating
the balance and proportion of plant indigenous microflora and promoting plant growth to achieve the
goal of prevention and stimulation. Microorganisms are an important part of the plant microflora, which
are involved in the happenings, developing and declining of some life activities of the host in the level of
physiology, pathology, pharmacology and many other life activities. Normal microbial flora is an impor-
tant part of healthy plants. Saccharothrix yanglingensis Hhs.015 is effective in controlling apple Valsa
canker both indoors and in field trials. This experiment aimed to explore the effects of Hhs.015 on the
micro—ecology of apple tree twigs, which is helpful to evaluate its biosecurity. [Methods] A field trial
was carried out in a ‘Fuji’ apple orchard in Yangling, Shaanxi. 10 new sick spots on 10 randomly select-
ed apple tree trunks were divided into two groups. The control was treated with the biocontrol agent Sac-
charothrix yanglingensis Hhs.015 broth, the contrast group was treated with water. Every 5 d the scars
were painted for a total of 4 times. Then 30 d after the last time, the tested samples at the boundary be-
tween diseased and healthy areas of twigs were collected. DNA was extracted using the modified CTAB
method. The V4+V5 region of 16S rDNA was amplified with a specific primer and sequenced by high
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throughput sequencing. From raw pyrosequencing reads, primer and tag sequences were removed, the orig-
inal tags were jointed by FLASH. After filtration treatment and mosaic deletion, the final valid data were
obtained. These sequences were clustered at 97% similarity using Uparse. To study the phylogenetic rela-
tionship between OTUs, these sequences were multiple sequence aligned and a tree built to provide taxo-
nomic identification. According to the relative abundance of top 10 genera of phylogenetic relationship in-
formation and corresponding to the relative abundance of data, the samples were clustered. The top 35 spe-
cies heat map were drawn based on the genus annotation and relative abundance, which is helpful to find
the differences between the samples of higher and lower species abundance. [Results ] The quality of the
sequencing data is ideal, the obtained sequence information could be used to build the OTUs and for the
following analysis. 223, 210, 220, 218, 232, 213 OTUs were obtained in F1, F2, F3, BA, BB and BC sam-
ples, respectively. According to the results of OTUs species annotation, Cyanobacteria and Proteobacteria
are dominant in all 6 samples, especially Cyanobacteria, which accounted for more than 80% each. In ad-
dition, there are also many sequences belonging to Acidobacteria, Actinobacteria and Gemmatimonadetes,
etc. At the level of genus, the top ten are Saccharothrix, Pseudomonas, Gluconobacter, Novosphingobium,
Lysobacter, Luteibacter, Thermomonas, Pseudoxanthomonas, Sphingomonas, and Brukholderia. Among the
control and the contrast groups, Burkholderia, Gluconobacter and Burkholderia are all present, but in the
Hhs.015 treated samples, the number of Burkholderia significantly decreased, Gluconobacter, Rhodococ-
cus, Saccharothrix, Leuconostoc and Agrobacterium increased in the contrast group. The abundance of Sac-
charothrix remained at a high level in the sample taken after scraping the surface tree bark. [Conclusion]
There were similar numbers of tags and OTUs in Valsa lesion and Valsa lesion applied with Hhs.015
broth. Cyanobacteria and Proteobacteria were dominant in both samples in the phylum level. However, the
abundance of Gluconobacter and Actinobacteria in the treatment group were higher than the control group
which is consistent with the result of isolation. Pathogenic Rhodococcus fascians had also increased. The
abundance of Burkholderia and Luteibacter which may be associated with pathogenic species had a sub-
stantial decline. The result showed that the impact of Hhs.015 broth on the Valsa lesion bacterial flora was
complex. Hhs.015 favored the proliferation of Gluconobacter and Actinobacteria and inhibited the growth
of harmful bacteria. The abundance of Saccharothrix remained at a high level in the bark scraped off the
skin which shows that Hhs.015 could colonize in apple trees for some time and affect the bacterial flora of
the cortex.
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Table 1 Sequence statistics

B2 FR SR AfbR: FRbR% AR P B 020 030 AR 43 L

Sample name Raw tags Effective tags  Avaverage length of effective tags/nt The percentage of effective data/%
F1 60 377 58 652 373 97.90 96.15 91.07

F2 60 675 58 888 374 98.00 96.33 91.10

F3 57258 55581 373 97.95 96.22 91.12

BA 57 880 56 088 373 98.00 96.31 91.20

BB 61115 59114 373 97.95 96.24 90.95

BC 58 022 56 319 374 97.94 96.22 91.17

#:020.Q30 J3 B8 A BCBE PR (KT 20 (BRI T 19%)F1 3055 /NF 0.19% ) MBS 1 432 1k 5 A3 S8C8A0s /2 He a8 45 380 i

HHYS Raw data(JFUREHR) I EH 7 H.

Note: Q20 and Q30 respectively refers to the quality value of base percentage in effective data is greater than 20 (error rate is less than 1% ) , and 30

base percentage (less than 0.1% error rate). The percentage of effective data refers to the percentage of valid data in raw data.

2.2 HE OTUs RiFhiEFE
221 A HFAKF 89 Tags F2 OTUs 43 B 223t B 15R
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80 0007
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B, F1.F2.F3.BA.BB.BC 43 %453 223,210,220,
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OTUs ¥t H
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FEMZFR Sample Name
Total Tags 151378515 2 10 DT 51 8L ; Taxon Tags & TAYHEE OTUs 152502505 B 1Y Tags FLH ; Unclassified Tags $8§ T H OTUs
ABATARE 532505 B Tags %03 Unique Tags F0HI50H 1 TEHRIEH] OTUs 1 Tags B 0TUs WA RAIEHII OTUs $H .

Total Tags refers to the splicing sequence number after filtering; Taxon Tags refers to the number of Tags used to construct the OTUs with classifica-

tion information; Unclassified Tags refers to the number of Tags used to build OTUs without classification information; Unique Tags refers to Tags with

the frequency of 1 and not clustered to OTUs; OTUs is the number of the eventual sample.
B 1 6 Tags #1 OTUs #4581t
Fig. 1 Tags and OTUs statistics of six samples
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OTUs Taxonomy:

= Burkholderia

—— Sphingomonas
Pseudoxanthomonas

= Thermomonas
Luteibacter
Lysobacter

—— Novosphingobium
Gluconobacter

—— Pseudomonas
Saccharothrix

1‘0’3 1‘0’2 1 IO" 1I
ZEMH 10 DE YRGB R ARNERE, 23 XSO RERITTEE . EI7 ARG . P AR A AR R, B S R I
PR A ZIBE R
The left is the phylogenetic tree and species annotation of 10 genus, the branch color represents the genus. The above is the results of clustering. The
heat map indicates the relative abundance of the genus, the relationship between the color and abundance is shown in scale.
2 BREREXRNEERESN

Fig. 2 The abundance clustering map containing the phylogenetic relationship
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The horizontal is sample information, the longitudinal annotation is species annotation. The left is the species cluster tree. The above is the clustering

tree of the sample. The values in heat maps are Z—score after standardization of relative abundance , namely the relative abundance of a sample in a clas-

sification and the differences in the average relative abundance of all samples in the classification.
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Fig. 3 Clustering map based on species relative abundance
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ber below the category name indicates that all samples account for the percentage of all species in this category , and the second number is the percent-
age of the selected species.
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Fig. 4 The taxonomic tree of multi—-sample top 10 species in the genus level
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