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Alteration of Bacterial Community Structures of Tobacco Strips During
Controlled Atmosphere Aging
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Abstract: Controlled atmosphere aging (CAA) is a method of tobacco strips aging. Microorganisms, especially bacteria, play an
important role in smoking quality of tobacco during the aging process. In order to study the alteration of bacterial community
structure in tobacco strips during the process of CAA, the diversity of bacterial 16S rDNA sequences were carried out. 36 samples
were compared by using [llumina MiSeq sequencing platform in three stages including the mildew and insect control stage(S1), the
aging stage (S2) and the quality guarantee stage(S3) . The results showed that the species richness and diversity of bacteria in tobacco
strips increased from S1 to S3. The dominant populations of tobacco strips in S1 were Sphingomonas, Pseudomonas and
Methylobacterium, with a proportion of which gradually decreased during the whole process of CAA. The dominant populations in
S2 were Bacillus, Burkholderia and Sphingomonas, with a proportion of Bacillus and Burkholderia increased first and then decreased
in the whole process. The distribution of bacteria population in S3 was more uniform. Nonmetric multidimensional scaling analysis
showed that the samples of three aging stages could be distinguished clearly. It was clear that the tobacco strips in CAA process
harbored abundant levels of bacteria, and the active microbial groups were different in different aging stages. Sphingomonas,
Pseudomonas and Methylbacterium were mainly involved in the early process, while Bacillus and Burkholderia mainly played an
important role in the later process.
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Table 1 Information of test samples
S1 S2 S3

Growing area Grade Codes of samples in stage 1 Codes of samples in stage 2 Codes of samples in stage 3

B2F YBS1 YBS2 YBS3
Yunnan Zhanyi C3F YCS1 YCS2 YCS3

X2F YXS1 YXS2 YXS3

BI12F GBS1 GBS2 GBS3
Guizhou Changshun C3F GCS1 GCS2 GCS3

X23F GXSl1 GXS2 GXS3

B2F FBS1 FBS2 FBS3
Fujian Youxi C3F FCS1 FCS2 FCS3

X2F FXS1 FXS2 FXS3

B2F HBS1 HBS2 HBS3
Henan Queshan C23F HCS1 HCS2 HCS3

X2F HXSI1 HXS2 HXS3

B12F C23F X23F B1F B2F C2F C3F X2F X3F

Note: Strips in grade BI2F represented mixture of tobacco strips in grade B1F and B2F; Strips in grade C23F represented mixture of tobacco strips in grade
C2F and C3F; Strips in grade X23F represented mixture of tobacco strips in grade X2F and X3F.

1.2
1.2.1 DNA PCR
DNA PCR [10]
2%
AxyPrep DNA Gel Extraction Kit
Axygen AP - GX - 250
Quant-iT PicoGreen dsDNA Assay

Kit Invitrogen P7589 FLx800

BioTek
1.2.2  MiSeq TruSeq Nano DNA LT
Library Prep Kit [llumina
FC-121-4003
Illumina MiSeq
16S rDNA
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Table 2 OTU number and biodiversity index of bacteria in tobacco strips from different stages during CAA
OTU Chao Shannon
Stages of aging Means of OTU numbers Means of Chao’s index Means of Shannon’s index
S1 290.00C 190.56C 2.14C
S2 477.58B 356.05B 3.75B
S3 907.42A 633.14A 5.48A

p=0.01

Note: Value within each column not marked by the same capital letter signifies highly significant difference (p=<0.01).
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Fig. 2 Average proportion of bacteria in tobacco strips during CAA on phylum level

3
Table 3 Significant analysis of bacterial proportion of different aging stages on phylum level

Stages of aging Proportion mean of Proteobacteria/% Proportion mean of Firmicutes/%
S1 72.43Aa 11.49Bb
S2 54.70ABb 32.21Aa
S3 43.20Bb 37.63Aa
p=0.05 p=0.01

Note: Value within each column not marked by the same lowercase letters and capital letter signifies significant difference (p=0.05) and highly significant

difference (p=<0.01).
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Fig. 3 Average proportion of bacteria in tobacco strips during CAA on genus level
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Table 4 Significant analysis of bacterial proportion of different aging stages on genus level %
Stages Sphingomonas Pseudomonas Methylobacterium Bacillus Burkholderia Lactobacillus Lactococcus
Sl 15.86Aa 9.75Aa 7.80Aa 3.77Bb 0.45Cc 1.18ABb 0.53Bb
S2 9.80ABa 5.90ABab 5.10ABa 14.18Aa 7.09Aa 0.65Bb 6.36Aa
S3 2.63Bb 2.42Bb 0.57Bb 0.32Bb 4.07Bb 4.14Aa 4.73Aa
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Fig. 5 Heatmap of community structure on genus level base on cluster analysis

(2]

B3]

(4]

[3]

1. 2018 51 11 3642

WANG Y H, ZHAO M, PAN G L, et al. Effects of storage methods
on aging and bacterial diversity of redried tobacco[J]. Tobacco
Science & Technology, 2018, 51(11): 36-42.

CN201210513271.8[P]. 2013-4-24.
FAN J Q, CHEN Y Q, SONG J Z, et al. Four-stages alcoholization
method for tobacco: CN201210513271.8[P]. 2013-4-24.

[J]. 2017 46 10 153-159.

YANG X L, YANG Y F, ZHANG J L, et al. Effect of controlled
atmosphere storage (CAS) technology on the alcoholization quality
of flue-cured tobacco lamina[J]. Journal of Henan Agricultural
Sciences, 2017, 46(10): 153-159.

. 2009 5 48-51.

ZENG X Y, YANG J K, DUAN Y Q, et al. Enzyme activities in
flue-cured tobacco and their correlations with tobacco grades and
aging duration[J]. Tobacco Science & Technology, 2009(5): 48-51.

). 2001 7
2 2630

ZHUDH CHENR CHENZG et al The relationship between



93

(6]

(8]

(9]

(10]

(1]

[12]

[13]

[14]

[15]

[16]

microorgnisms and enzyme activites in flue-cured tobacco during
aging and fermentation[J]. Acta Tabacaria Sinica, 2001, 7(2): 26-30.
ZHAO M Q, WANG B X, LI F X, et al. Analysis of bacterial

communities on aging flue-cured tobacco leaves by 16S rDNA

PCR-DGGE  technologyl[J]. Applied ~ Microbiology  and
Biotechnology, 2007, 73(6): 1435-1440.
16S rDNA
[3]. 2012 18 4  77-82.

CHEN Z T, YAN T T, TANG C Q, et al. Analyzing bacterial
diversity in aging flue-cured tobacco leaves using 16S rDNA clone
library analysis[J]. Acta Tabacaria Sinica, 2012, 18(4): 77-82.

[I1. 2014 41 18 28-33  38.
WU X Y, LIANG S L, HAN S Y, et al. Diversity and phylogenetic
analysis of bacterial communities on flue-cured tobacco leaves at
different aged phases[J]. Guangdong Agricultural Sciences, 2014,
41(18): 28-33, 38.
[D].
2015.
GONG J. The diversity and dynamic of microorganism on flue-cured

tobacco leaves during different aged phases[D]. Shanghai: East
China Normal University, 2015.

1. 2017 50 4 10-17.

BAO K X, LIN J, HE W, et al. Effects of growing area and stalk
position on bacterial community structure in tobacco strips during
aging[J]. Tobacco Science & Technology, 2017, 50(4): 10-17.
CAPORASO J G, KUCZYNSKI J, STOMBAUGH J, et al. QIIME
allows analysis of high-throughput community sequencing data[J].
Nature Methods, 2010, 7(5): 335-336.

SCHLOSS P D, WESTCOTT S L, RYABIN T, et al. Introducing
mothur: open-source, platform- independent, community-supported
software for describing and comparing microbial communities[J].
Applied and Environmental Microbiology, 2009, 75(23): 7537-7541.
DE SANTIS T Z, HUGENHOLTZ P, LARSEN N, et al. Greengenes,
a Chimera-checked 16S rRNA gene database and workbench
compatible in ARB[J]. Applied and Environmental Microbiology,
2006, 72(7): 5069—-5072.

PITTA D W, PINCHAK W E, DOWD S E, et al. Rumen bacterial
diversity dynamics associated with changing from bermudagrass hay
to grazed winter wheat diets[J]. Microbial Ecology, 2010, 59(3):
511-522.

CHAO A, SHEN T J. Nonparametric estimation of Shannon's index
of diversity when there are unseen species in sample[J].
Environmental and Ecological Statistics, 2003, 10(4): 429-443.
CHEN C M, LI X M, YANG J K, Isolation of
nicotine-degrading bacterium Pseudomonas sp. Nic22, and its
potential application in tobacco processing[J]. International
Biodeterioration & Biodegradation, 2008, 62(3): 226-231.

et al

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

LIHJ, LI X M, DUAN Y Q, et al. Biotransformation of nicotine by
microorganism: the case of Pseudomonas spp.[J]. Applied
Microbiology and Biotechnology, 2010, 86(1): 11-17.

[D]. 2011.
YANG G Q. Isolation, identification and nitotine metabolism

pathways analysis of two nicotine-degrading bacteria[D]. Hangzhou:
Zhejiang University, 2011.

[J1. 2014 22 4 486-494.
WANG J L, LIM Y, MA Y K, et al. Using bacterial enzyme to

degrade protein in tobacco(Nicotiana tabacum) leaves[J]. Journal of
Agricultural Biotechnology, 2014, 22(4): 486—494.

[J]. 2018 39 2 82-88.

ZHANG G, LIANG K C, XIN Y H, et al. Isolation and activity
determination of surface bacteria in cigar wrapper leaves from four
different countries[J]. Chinese Tobacco Science, 2018, 39(2): 82-88.

[J]. 2019 40 5 60-67.

XUE L, ZHENG Z H, GUO Z G, et al. Screening and application of
aroma-enhancing bacteria for tobacco[J]. Chinese Tobacco Science,
2019, 40(5): 60-67.

XIE F H, QUAN S J, LIU D H, et al. Purification and
characterization of a novel a-amylase from a newly isolated Bacillus
methylotrophicus strain P11-2[J]. Process Biochemistry, 2014, 49(1):
47-53.

7. 2012 20
3 268-274.

NI H, MA Y K, LIN L B, et al. Degrading starch and cellulose in
tobacco leaves by bacteria enzyme agents isolated from Yuxi tobacco
leaf surface[J]. Journal of Agricultural Biotechnology, 2012, 20(3):
268-274.
KAUR S J, GUPTA V K. Production of pectinolytic enzymes
pectinase and pectin lyase by Bacillus subtilis SAV-21 in solid state
fermentation[J]. Annals of Microbiology, 2017, 67(4): 333-342.
WEI X T, DENG X W, CAI D B, et al. Decreased tobacco-specific
nitrosamines by microbial treatment with Bacillus amyloliquefaciens
DAY during the air-curing process of burley tobacco[J]. Journal of
Agricultural and Food Chemistry, 2014, 62(52): 12701-12706.

Bacillus subtilis SM [. 2017 44 7

1525-1534.

ZHENG Y H, DAI Y Y, YANG Y, et al. Lignin degrading
characteristics of Bacillus subtilis SM isolated from tobacco waste
extract[J]. Microbiology China, 2017, 44(7): 1525-1534.





