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Abstract: [Background] Tobacco aging is a process involving the interaction of many factors.
[Objective] In order to investigate the relationship between the structure, function and chemical
composition of culturable microflora on the surface of aging tobacco leaves. [Methods] The microflora of
tobacco leaves stored in Guiyang, Tanchang and Maotai storerooms were isolated at different aging time
respectively. The function of bacteria and fungi were analyzed by annotating to the FAPROTAX and
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FUNGuild databases respectively. At the same time, combining with the main chemical components of
tobacco samples, the correlation analysis of culturable microflora was carried out. [Results] The results
showed that 189 strains of dominant bacteria and 229 strains of dominant fungi were isolated from
243 tobacco leaf samples. Altogether, Bacillus was the dominant population in bacteria, whereas
Aspergillus and Penicillium were accounted for dominant fungal populations. With the extension of aging
time, the proportion of dominant populations and dominant functional groups were decreased gradually, and
in the other side, the main chemical substance was correlated with the change of microbial communities
significantly. [Conclusion] It is demonstrate that the structural changes of microbial functional groups have a
contribution to accelerate tobacco aging process. In turn, the changes of major chemical components during
the aging process could affect the composition and function of microbial communities.

Keywords: Culturable microorganisms, rDNA barcode, Dominant population, Functional groups, Chemical

composition

MR Ik SR A7 M RS TR 22 AT T A O O R
R, FRZRAR, HRAE, AESHT 5
)1 B 9 A S D0 T T 7 B
DA SR S8 0 5T o A I BRAR SR R L ke T
LWCE P A LA R R, e AN 1
TERI B SR In &  E AT WAL o oL R b A 4
PR S AT FE I B B T 2T 4R R
R T RUR CP LN NG e R 7)1 (S
A R IDER RN T AR R
ARl o AR — A S R D), s
AR TR A, A A BRAE B B il 2
HAAF LS G, OFE R A WA 2R
RS A R AR . BB, MR
17N ER AT B AR AR v 28 0 5 5
Vi B T T A A% L L A T v S R R I i e Y
BURUY B T % e il T A s e A e 1
BORZFAUAT B AT 2 B DR L il R A
KRNEAREEBEFEY RN RS, WATR R
7N, TE A R A HR S 0 TR R R AT SR A e
A2 A3 6 B VO R P R AR
I, B SE BR AL A R AP AR B v S D RE R A Y
A A X A AR A B AR 1 Bt R o A ) B R Y S
w9 H B E R

A FE XS AN [ R AL B B B4 0 At A ik 47 3
BHiFR, R (DNA FIBHEAR AT LE, I
A AR - 2 T AT B SR R MR sl A4,
20 TR R EC R AT IR, RS AL Y

FRVES BT, IE R =F Z RERXR,
TRXTH T R AL 4 2R
1 RS 3%
1.1 MRS
REFATRMEE, 2] 15, FEE3 MEWe
P O MAESFEH ) . nlbRiko. 3. 6. 9. 12,
15, 18, 21, 24 AWt 243 MR,
TR 85 %558
1.2 EFE
FAFEAREIR QL) FRHE 3.0, EH
 10.0, NaCl 5.0, Bifl§ 18.0, pH 7.2-7.4. T
R (g/L): KHPO, 1.0, MgSO47H,0 0.5,
FEER 5.0, Hi%EHE 10.0, BiE 18.0, 1%L
KW 3.3 mL, pH H#R. PDA Hizid(g/L): £ 5
200.0, %4 20.0, 35 18.0, pH AR, DL E#E
FEHEIILE 0.1 MPa K14 30 min.,
1.3 EZXFIFNE
YR 4 DNA $RBORF& . R E A
DNA #2 8 &, RRAAFH A ) AR
Al. PCR Y, HUMIMMERHE A RAF; e B il
Bi, HERBEADEFAEABRA A
1.4 FHi*
1.4.1 MEMHREAHSFREVNS S
FREL10 g MHHAE S, BIFEJE A 90 mL i) f
FRZE R (pH 7.0)FF#E5], 24 °C. 120 r/min K55
30 min FEIBAEYRER . W 1 mL FEEKE

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



364 A

Microbiol. China

9 mL TCHE/KH i THRE . 3B 1 mL O R
1072-1077 ¥ B A B Vi A 1) FC T % 3% L o
107107 WREEMAE) T T REFFRAE, 107°-107 ¥
FEMAZ AN E B RS EE, 24 °)CHiFR 5 do
SNGETT AT B SR AN . ELTA Y B IR A R Rk,
AT 75 B0« 1 B A% B8 4 B 2R AR W 0 B K
3k,
142 B EH DNA BIIREL. £7E

PRI TR P ali b B %, WU 22, FH A0 A
FEH) DNA &P 2 4 it 4 B IO 290 o A L T
DNA., PCR JZ WA % (25 pL): ITSI (10 pmol/L)
1 uL, ITS4 (10 umol/L) 1 pL, 2xMaster Mix (green)
21 pL, #Hg DNA 2 pL. PCR JZhj&f4: 95 °C
3min; 95°C30s, 55°C30s, 72°C45s, 30
fIE¥R; 72 °C 5 min, 9847 Ppik B TSR EWAT IR
SNEINE . EES19 ITS1 (5'-TCCGTAGGTGAAC
CTGCGG-3") M1 ITS4 (5-TCCTCCGCTTATTGATA
TGC-3"), 4514 27F (5-AGAGTTTGATCCTG
GCTCAG-3")#1 1492R (5'-GGTTACCTTGTTACGA
CTT-3").
143 {LEYitn

A BLIR FH v Il A P B R R AR A S
RL HoSO4-H 0, THEG RSN 42
BEZE HySO4-H,0, A A RAHBE LA 2
H,S04-H0, T J5 R SRR
144 R4

P aT TR G, #KEZ 8K RDP
(http://rdp.cme.msu.edu) #1 NCBI (https://blast.ncbi.
nlm.nih.gov) %% % B 'Y, H B £ B BOLD
(http://www.boldsystems.org)F1 NCBI it %4 7
Yh % o 456 A R BRAL B B i A S i A W J 56
SRR L, R SPSS 22.0 sS4t
XF AR I RE R S A A AT A S S T
FH FAPROTAX (http://www.zoology.ubc.ca/louca/
FAPROTAX/lib/php/index.php?section=Home) % 4
VE xb 4 B 2 /g #E 4T 1 B s Al FUNGuild
(http://funguild.org) %5 4 2 T3 L 7 4 v 19 AE 8 )

&b [16]

BEV . EAE KK ik AT BE (probable) #11R 7T fE
(highly probable).

2 SR540Hh
2.1 (AR ARSI MR TR A X
WAL G oy B SR, AR I Hh S 6 R A5 2
189 PRANTH MM 229 PRERTEMR . 200 T%0E,
MELHIEF 41184 14 H 25 B 38 J&, HEWM
201459 H 19F 26 J8, HPHFMTEE
(Bacillus)FVy 8 [C I & (Serratia) AN HAL RS, 43
B o AR R AR 27.51% . 12.17% (B 1A); [
i3 5 25 BR o & (Staphylococcus) (7.94%) . & H
¥ % J& (Ochrobactrum) (7.41%) . 5 3% ¥ 1 )&
(Stenotrophomonas)  (6.35%) Fl AN 3 ¥F J&
(Acinetobacter) (4.23%)% KB, ERFEEH
ith % J& (dspergillus) 1 & %% J& (Penicillium) {f; % 5.
&, o EE B RPN 33.77%. 30.26%, M
LA 1B); HIKIEK A& (Cladosporium),
hi 7.89%. J34h, EEHEIE TR EE (Trametes)
(4.82%) . EAR T B (Talaromyces) (3.51%). ViAH#
J&(Irpex) (3.07%) AN F & o
2.2 BRUCHAEMEM AR MEMBEMNST
WEFE RN, M 3R T AT B SR AR IRV 4
B R AR 8] (0 35 I i AN A2 Ak Bl i R A I
)Y AE A, R I SR T R B SRR A T Al i th 2
AR, PR W L) el b S S n (B 2)
WRACHT A A D R A R, A 32 2 AT
S U IR A A R S R R
fih 2w I 5 R A . BERRILIT RIS, 1R 205
PR AEZ W DB K, BRAEE] 18 AT, 4 3
LA AT RS . AR R A Fictibacillus, ¥
W R ER . SEEMEGERE. 2 21 1A
I, 15—18 A>T ) B Gz AN 310 ) B A S 23R
B, WK 8 (Paracoccus) . (BB € F LT
J& (Pseudoxanthomonas) . % 3¢ 1 J& (Kocuria) .
¥ 1R (Alternaria)3s .

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PFAE: SN Bl AR ARG SR P A S T RE

365

@ 2FHUFF ) Bacillus
WS AT @ Lysinibacillus
O Fictibacillus
o (} 59% :%%&g%f oxi ol ium B
0‘53/) 1.06% 129%9.53% IA‘gH‘Tﬁ i Ch’r;ns“eabacterium
0 5%05/3 % : > ] .06% Serratia 0 0 {145 8 Aspergillus
0 53“% 0.53% x5 gi’%’%ﬂféf’;{iﬂ"(‘iﬂ 0:44% 2.03% T8I Penicillium

3.70%

2 (G Leclercia
1.59%2-65%2 :

antoea

3 i) Aeromonas
) Acinetobacter
)% Moraxclla

o
B Wohlfahrtiimonas
FF 8 Ochrobactrum

55T 1458 Agrobacterium
@ ltererythrobacier
BT R Sphingobium
BRI JIE Paracoccus

silia

1418 Achromobacter
FJ [)s Alcaligenes

4 )& Micrococcus
¢ 14 i Kocuria

4% Arthrobacter
T 141)8 Micthrobacterium
[£1)m Brevibacterium

0 i Jg§ Streptomyces
12.17% 0 EMiceobaZ‘lerimn
QP64 Janibacter

Bacteria

E1 BHEREAEFAEQ)FMERB)E LS

(14 )5 Stenotrophomonas
Ll Pseudoxanthomonas

1) Brevundimonas

1418 Corynebacterium

O AIRT i Myroides
DU FT ) Sphingobacterium

3.07%/ 4.82% 440,

Thysanophora

i/ Talaromyces
Byssochlamys

T A Pestalotiopsis

BALAE I Clonostachys

Trichoderma

33.77%

000000000 OoODEODSEEOEODEEECOEOED

Figure 1 Community structure of culturable bacteria (A) and fungi (B) on tobacco leaf surface
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Figure 3 Changes in ecological function groups of culturable bacteria (A) and fungi (B) in tobacco leaves
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Table 1 Correlation analysis of bacterial community and main chemical substance of tobacco leaves

YU #f Y% Bacterial community A MLk Organic carbon 4A Nitrogen 47§ Phospharus 4% Potassium
UK B8 Bacillus —0.388 -0.239 0.352 —0.141
H R R 2E AT R & Lysinibacillus —0.446 —0.530 0.447 —0.594
Fictibacillus 0.532 0.560 -0.293 0.795*
/N IR B Exiguobacterium —0.599 —0.560 0.293 —0.682
HiZBREE Staphylococcus -0.412 -0.619 0.734* -0.317
4T E B Chryseobacterium -0.019 —0.204 0.447 —0.173
YW KRB Serratia -0.277 —0.495 0.543 -0.321
Wohlfahrtiimonas —0.452 —0.498 0.293 —0.425
B U S W 8 Providencia —0.449 -0.593 0.592 —0.646
WFF# @ Enterobacter —0.452 —0.498 0.293 —0.425
SHMEE Aeromonas —0.338 —0.204 —0.064 -0.299
ABFFJE Acinetobacter -0.595 —0.485 0.085 -0.681
HIFRHMEE Stenotrophomonas -0.170 -0.438 0.671 —0.344
B A Pseudoxanthomonas 0.372 0.187 —0.293 0.088
B A HEIE Ochrobactrum —0.465 —0.757* 0.804* —0.594
Altererythrobacter 0.825* 0.448 -0.319 0.415
BIBRE 8 Paracoccus 0.228 0.000 0.169 —0.209
AT EE Alcaligenes —0.254 -0.448 0.447 -0.257
Massilia 0.825% 0.448 -0.319 0.415
MEREE Micrococcus -0.311 —0.485 0.169 -0.375
S S B & Brevundimonas 0.825* 0.448 -0.319 0.415
FEVE B Kocuria 0.351 0.458 -0.378 0.000
BETE R Streptomyces -0.032 -0.291 0.273 -0.367
AT & Microbacterium -0.338 -0.204 -0.064 -0.299
Wi A1 8 Janibacter 0.825%* 0.448 -0.319 0.415
SN )8 Sphingobacterium -0.599 -0.560 0.293 —0.682

e % AE0.05 KFREMSE; **: 1E0.01 KPRBEMK, TR

Note: *: Significant correlation at 0.05 level; **: Highly significant correlation at 0.01 level. The same below.
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Table 2 Correlation analysis of fungal community and main chemical substance of tobacco leaves

HF 7% Fungal community

A MK Organic carbon

4% Nitrogen

41 Phospharus

4>l Potassium

HEJ® Penicillium

—0.429

Hh 28 Aspergillus —0.501
)& Thysanophora 0.012
TR B Talaromyces —0.454
KEJE Trichoderma —0.399
By E Trichothecium —0.242
KT8 Acremonium 0.242
IRIEEE B Peyronellaea —0.399
WL ZEBHIJE Pestalotiopsis —0.595
G J) 1E & Fusarium 0.012
W2TE R 5 )E Clonostachys 0.012
M J& Periconia —0.295
2 %8 Phoma -0.295
GRS TLE Alternaria 0.824**
18 Cladosporium 0.634
#lE<)E Clitopilus -0.215
AR Coprinellus -0.177
S8R Schizophyllum —0.396
Subulicystidium —0.399
Fafafk 4 )& Peniophora —-0.399
Y% 1% )& Bjerkandera 0.393
[ 48 Phlebia —0.295
ViR J® Irpex —0.463
SEHE )& Phanerochaete —0.414
Flavodon 0.012
B @ Trametes —0.273

—0.578 0.650 —0.563
—0.631 0.779* 0.679*
—0.188 0.450 —0.129
—0.454 0.211 —0.431
—0.509 0.450 —0.528
—0.107 —0.056 —0.288
0.536 —0.309 0.151

—0.509 0.450 —0.528
0.836** 0.800%** 0.753*
—0.188 0.450 —-0.129
—0.188 0.450 —-0.129
—0.188 —0.056 —0.248
—0.188 —0.056 —0.248
0.456 —-0.309 0.430

0.476 —0.234 0.377

—0.429 0.450 —-0.209
—0.417 0.636 —-0.370
—0.556 0.563 —0.560
—0.509 0.450 —0.528
—0.509 0.450 —0.528
0.054 —0.281 0.062

—0.188 —0.056 —0.248
—0.593 0.537 —0.613
—0.695* 0.805%* —0.611
—0.188 0.450 —0.129
—0.502 0.666 —0.470
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BESH A ERER . A RE 2 5 A EOC
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WEIEMKE, HERE 0.795; HihdEE. HEE
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0.753. FifiE RALIT ] I, JH I 32 B A2 il
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