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Abstract

Objective: To investigate whether there are differences in the intestinal flora of healthy people
with different levels of tobacco exposure, and explore the effects of tobacco exposure on the intes-
tinal flora. Methods: Fecal samples were collected from 80 volunteers, including 17 cases in the
tobacco exposure group (Smoking Index > 400) (group A), 16 cases in the tobacco exposure group
(Smoking Index < 400) (group B), 16 cases in the long-term second-hand smoke exposure group
(group C), 14 cases in the smoking cessation group (more than 6 months) (group D) and 17 cases
in the non-tobacco exposure group (group E). Each of the above fecal samples was analyzed by
16SrDNA, and OTU analysis and species annotation, Alpha diversity, Beta diversity, significance
analysis of community structure differences were performed between groups. Results: Groups A, B
and D were closer in intestinal flora composition, while groups C and E were closer in composition.
There were no significant abnormalities in the richness, diversity and community distribution of
the intestinal flora between the groups. At the Phylum level, there were significantly differences
between the some groups of Firmicutes and Proteobacteria (p < 0.05). At the Genus level, there
were significantly differences between the different groups of Agathobacter, Blautia, f_Lachnospi-
raceae_Unclassified, Roseburia, and Subdoligranulum (p < 0.05). Conclusions: Despite there were
no clear differences were found in the diversity of intestinal flora in people with different levels of
tobacco exposure so far, but the genus Blautia and Roseburia were inversely correlated with to-
bacco exposure, which is worth further exploring.
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1. 5|15

FEAERVE N, TR 1R A & A e 1), e oy NI R T A9 SR Bk . H AT Fe A B[],
W5 78 22 P AR WA R R OGRS R R S h, B2 R E D 70 FhE M BUEMI2]. B
TXMEGENRIN W R GE O TS PRIT S BT R B SR A AE R, WS 8 2 B v
FEL R B, SRSERONE. BeAh, TS H T, AR A B R T A, AR
TRTR A DR 1 3 R, B = TR e bt RIS J 8 1 it 2335 LA 5 [3], WHO T 2019
FERATRE FREFEL A 800 R NI R4, HAnlE 120 /7 NJE THEh 4], mHE#, =TMH
[1] CHHECIH S5 R AE AR SR T B, PTAEAE RO 2K, RS e A RRE) SO TR L, SR B A
HOREMY, JCHZILE ., FOFELA ., TR, BIERERE SRR KRR A . H
HIAY, i e el m e A= [5]. Wil R R R EE615 5 NAAE ., B R, AHOGIETE R
A7, W= T EUE WA AR SR, T FT R e A5 [6] s fiiE Hiw fF FI (8] 75 I &b S e B
FLARSCR AL AR [8]. AW FTIINIT 16S rDNA il il FPfioR, KA IR LM 55 e A\ 14 i v
RETAAEZE S, it DRI R R - BB R - POW A SR MBI, MR I 2 2 o oo
AR S A A S 1 R
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2. AMERE
2.1 —RRFER

T+ 2021 4F 01 H~2021 4F 06 HAETLZ A VLI T In) ph ot 5 5 80 4. &M R FE 570 5
H, all: AHRIH > 400 3¢, 17 N 5M), FEd 32~57 %, VIR 4347 £8917 %; B
M < 400 432, JL16 N(B1E 14 N, Ltk 2 N), 408 29~57 %, “FH444-4S 43.63 £ 9.493 %; C 4
K= FMREE, 16 A(BHEO N, Ltk 16 N), Fid 24~57 &, “FIYF#4 44.38 + 11.88 ¥; D Ak
fH6 AUl E, 3t 14 NG ATME), % 28~50 &, “FIFEt 47.36 + 1049 %; E AR REE, 3t 17
NEBEHS N, &9 N), ik 23~57 %, FHIER 38.06 + 11.74 & FREECATTEER, L%
Br, S AHER BARBET S22 7 (F = 1.606, p = 0.181) (W% 1); AR AEE TR, SAHMZ KT
Ko, &AL BIAEAEGE 2 2 5 (% = 53.23, p < 0.0001) (W2 2), (HAF R &, 3R E H s AR LA
FVEREAE,  H AT ICE A R ) e N B T8 B 22 R T INRIE: @) A 18~60 Ji %
b) RME: DU c) 18.5 <BMI <25 Kgim?; HiRkbrifE: a) f7/E BRI IEE R SCH%; b) 3 H A ]
P25 B e AR I ) KHIENE; d) KHEAMRAINE B SR . e il i S 25 . RS0 SRAS T
BT 28 = N REFACEE T A2 HtiE, i 2 R 55 F .

Table 1. Comparison of age among groups
= 1. ZAEFRIFERLER

285 % e F p
A 17 43.47 £8.917
B 16 43.63 +9.493
C 16 44.38 +11.88 1.606 0.181
D 14 47.36 + 10.49
E 17 38.06 + 11.74

Table 2. Comparison of gender among groups

2. BABMRIFERELR

285 it Ltk Ve P
A 17 0
B 14 2
C 0 16 53.23 <0.0001
D 14 0
E 8 9
22. B

Q) AT & T 06:00~08:00 FH S R A B A B i S M AR A 3 g /i A5, BRI R & AN Hbr A T-80°C
VKFETRAE . DNA $2HUQC 15 FHf DNA FEHUAA M A HH2HL DNA, ] Equalbit dsSDNA HS Assay Kit
Kl DNA % . PCR 9748 & SCFERI R DL 20~30 ng DNA Jytid, 18 PCR 51494 4 J5 4% £ 4 16S rDNA
ARG V3 K VA 2 AN EERAR X . SR JE BT PCR [A) 16S rDNA (1) PCR =4 i i L #54 Index )
3k, UAEHEIT NGS M7, FHREEREAT SCRE Ak f 188 5 AR ORI 55 R0 Bt Fi b g A P RS T Ay B K 7D~ o
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MU B B AR AR I SRR B o R SO s & F 10 nmol/L, % Illumina MiSeqg/Novaseq (Illumina, San
Diego, CA, USA){ #%{i FH i W3 53247 PE250/FE300 XUl /5, H1 MiSeq/Novaseq [ 4] MiSeq Control
Software (MCS)/Novaseq Control Software (NCS)UHUFFIM5 S . F0HE o Xl /715 2 1) 1E ) [ reads
BT PHE, PR R EA N BFH, R EERT 200 bp (1741 il E i jE,

iR ERFY], BARBIRFFSIHT OTU K3, A VSEARCH (1.9.6)HEAT 7 51 5238 (Fp #1 AH AU 5
N 97%), LEXT ) 16S rRNA 2 2% ¥ ¥z /7 /& Silva 138. 48 J5 F| | RDP classifier (Ribosomal Database Program )
DU R0 OTU ARG 7 S BEAT YRl 3 222 00 i, FRAEAS RN 43 287K P R Gt AR AR IR R i 20
o FEXTFEARBEAT OTU 708 FEaZFEE AT YOPERE . FESM AL F 122 7 04 & LEfSe 434 o

b) X} 80 fir IR FH FAEFEAZEAT Nlumina MiSeq M7, 752100 7 FIEHE , 49 267 51T EuE, #R4E b
XoF A i B S X AT BB, BHEERMFAEZE /DA 20 bp MEEX, EBRIHES BHhE&H N T 255
YRR A, 2R b EEAC T 20 MUBdE, EBRKFE/NT 200 bp BF1; W B PHEES IR E
B S8R EVAT T, I R &R 7 51 (chimera sequence), 152 &G SR . o) XL Bk
JE WA BT 52 H unique FP51, CREE &P AR R RE, EBREERECH 11 unique [5°51; 4218 97%4H
BAPEXT unique FEFI(FEEXREL > 1)iE4T OTU &K, fERIFIER Gt —P LBk &7 5], 152 OTU 1
REFF FrERAERF SIS OTU ARERFHIHETIEN, 5 OTU AREFFFIARBIELE 97% LA E 1751
NIF— OTU, GiilA:p OTU FER . XAEAIELT OTU /b LA SR RE . ARG I8 o ZFEE BT L
VN [ £ T g T R 2 R S 25 5%, E M ACE. Chaos. Shannon % Simpson &30 Wi 8 i i 4 &
FE e 2 FEE . X4 HEAT Kruskal-Wallis 6236, 7 AT4LIA R ZFEME2Z R 2B R . FIH p 2R HTT
VA — A5 R M S R i R N I TE B R A . SR AAE D] B KT R AT S R O 2
3T .

2.3. GHEFE S

18 R(3.6.3) AT R S it /0 b 2. Qiime(1.9.1) K FI Xt FEFIEATREHLAIEE, BABEAT OTU 4347,
R % a ZFREEFEE(ACE. Chaol. Shannon. Simpson. goods Coverage), ZH{ Kruskal-Wallis
AT AT R 2R R R R R, LT OTU M4 44 Rank-Abundance #H4k; J:T Brary-
Curtis FF 245 R 3E4T PCoA 1EE /0 #T: 2T Beta ZFEIEFE SAFE, 247 NMDS 7047 fHBhZk L TR
(http://metastats.cbcb.umd.edu/) 7E J& 7K V4T Metastats 70 #T. p f <0.05 WAEA G HE L.

3. &R
3.1 MAEFHIEREMK
IR I3RS 5,825,413 S A T A, S EE Dy 450.21025 bp, T2 EAEHTE 420~470 bp Z [A](A,
1.
3.2.OTU T R

HRHE OTU £ FE, LB A (3= e i 30 A OTU) (LI 2) f2 3 B (LI 3). 1) WL M 5 2 55 3 (A
4. B4, C4l. D4 OTU (306 4>, 284 4. 248 4. 230 NIk MR 2554 (E 4) 375 M
Ao HRAE OTU FELER, 5 Silva B & L] 5 nT 43 215K N s M A, 121 K@K EZshl P
IIARFERE B (L 4 2 5). AT A 41, B 4l D 478 SR 4L SE i, 1M C 241, E 4I7E il
b TR N
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Effective sequence length distribution
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Figure 1. Distribution of effective sequence lengths

B 1 BRFIIKEN SR

[TTTTT [T [TTT [T 1 [ oru1z
1 oruas 08

oTu3
|l oTU4s 06

oTu16

otu17 04
O n H B EE B otut
|| L] oru4 02
otuzs
| oTu11 o

H» [T oTu26

oTUs3
oruzs
otus
ortus
oruzz
| oTU6
oTuss

il

oTu19
oruz
oTUu260
oruz3
oTU1384
oTu14
oTUte4
|| ] ] oTu15
0oTu20
otuz
otuto
oTug

Im \0 ID IO ‘O ID I> I> \m Im IU \m \D |O Im \> |° Io I> Im Im ‘m \U Im\ \D IU ‘0 Im I)’ ‘O \m Im Im \m I)> \> \0 Im \>
Wil i IS T I e N

mMOMM®O>>0®O0>>MOM®O®>000®®0
Lolohlo LLG LN ! = N

| [
Sl le s oo lo 1yl s

o> m
B @ RN

Figure 2. Heatmap of OTU abundance clustering
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Figure 3. Venn diagram of OTUs
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Figure 5. Heatmap of species distribution ((A) Phylum level; (B) Genus level)
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Figure 6. Alpha diversity analysis at the genus level (ns, p > 0.05; ", p
<0.05; ™, p<0.01; ™, p<0.001)
6. TERIKF LH o ZHEMSHi(ns, p = 0.05; ", p < 0.05; 7, p <

Kk

0.01; ™, p < 0.001)

3.4. BEE MBI

HMH B 2 BEE M 58— 20 ] i A 2 3 X A R R P TR 2 A OSN3 T Brrary-Crtis BESAE
K 1d PCoA (JLIE 7(A)) A1 NMDS (JLE 7(B)X g 2 HEPEREAT 04T, TL2H 18] T VR R RV 20 AT T S 25 5
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Figure 8. Comparison of microbial community composition at the phylum level (top five in terms of abundance)
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48

TEJEAKT b, X% 2P ARX F2 B2 KT 0.01 BRI &, fif B Metastats #4722 5 0 0. IR T A 4,
C 4 B E T B H 8 2 5 0 /NER T J& (Subdoligranulum, p = 0.034); &3 NFEMIEJEA f_ Lachnospi-
raceae_Unclassified (p = 0.024)fH5 T A 4, D 4 23 T = (1 1 & 2 A5 55 4 IS B4 & (Blautia, p = 0.017);
T2 TR E - AT A 2, E 249 22 T s I B s A2 A0 55 4 [ 1A I (Blautia, p = 0.013). Agathobacter
HE(p = 0.025); LEF FHEMNEE. MET B4, D4 EBET & e Am 754 IKH & (Blautia, p =
0.039); % FR&MTHJE A 2 IKi# B (Roseburia, p = 0.003). A% T B 41, E 41+ 5.3 7t 1@ g 24 57
5 [ 14 J& (Blautia, p = 0.034). Agathobacter #)&E(p = 0.041); &% FEMEE. MET C4l, DUA+TE
# T FRI B A 2 [KH & (Roseburia, p = 0.001). Agathobacter B J&(p = 0.006); o3 T & . HHE
T DM, E 4 83T 1 )E /2 Agathobacter [ J&(p = 0.001). %' [ 14 J&(Roseburia, p = 0.012); & #
THERE. R AHAS5BAM. BAS CHn. CASEAN, WLEEERERE.
4. g

KRR 2 W TR, AR N = B A, T N 1 AR B R B AR R ¥ 3 B OR B
H o ASZE T 16S rDNA A MIH AN AN [F] 08 55 5% 58 72 2 BRI SR EAT 70 b, RINAE R IE BRI,
B R B R R R AR R, MBS TN L RREER, g 0
RHIETR G % 2 5 . (HE&4HIA], Blautia F#J& & Roseburia BJEA77E2 S, H5HM0R 5 T A7 2 A7 7EAH
Ktk

4.1. HFHEHFIKEE (Blautia)

AR LI, FETIHE, AR . R Blautia # 8 3 2% 7t . Blautia J& B2 8 &L
E AT FE I L B Wk SRE S N S AR 7 SO e S A P I H L R S M SRR PE[9] . Rk,
RILT 20 FhiEFh )R T Blautia @#JE[10]. B AR, MRG-PMF1 1 & AT {2 3k 5,7-— H 4 3L 3 i (5,7-DMF)
1 5,7,4- = H S FEZE i (5,7,4-TMF) 7 5l e Ak B AR Wis MR i BU R S8 R, B Pl i S1EH
[11]; Heetgts 2 2 ARUAXT HCT116 45 4 i B my #1025 2L 22 30 R [12] . AUH-JLD56 Bk
ARG 35 T O R A N ()-8 - R B A S T oG, TEREFRY) 16 h E ARV E LR R, P
B EATIA 96.3%, HA YR E T HOLRE < 2.4 mmol/L I, F3EFH ICH AR
4 95.6%; 2.4 mmol/L < ¥KPE < 3.6 mmol/L i}, 4347 H L AR 90.5%, fHH LA RITF
(1 B BT BRI PE[13]. (HIELE Blautia B FH AT XS HIZARYT BRIEAT T-0-F2 R R, PRI IR, Jo5
BN B, (e B Rm T 45 96 R S IR BE R i [14]

YE RGOS, Blautia g ERAEBETIRER R, WIREIE. BEIRIG . e S & Fh 98 i PR 5005 A 2 5 A
M. Blautia BB 1l P74 NRPs. PKs. FEwfkZs. FEBHZE. IH K. f-HNERERE . —TiH
AFIREWTTI A 7 2o, Blautia (195555 P IR NE 7 HERR 5 B 2 i) R DG 1 [15] o — TUAE B JHE A A AT
IR RAE N 3 AL E B AR S, Wi Blautia =% 3% 1&[16]. Noriho 25 AAF 98 & 31, Blautia
F2EAE 2 UM BRI £ i A B 25 PR [1 7] WF 7T % B, Blautia AT 76 fi7 i 7= A4 BE R, & Al AE il i 30 GPR41
F1 GPRA3 St i &% 2245 5 R IR 107 4t e 7 g AR R, e v R i SRt 2H 23 o 285 (1 IR R T 267 00 P 4K
W, TS5 IEEA i [18]. Blautia B @Ay —Fhtt A &R A 8, i By T
YT RN 7 A S B AR TR (19 7 4 R P i A K5~ 4y R T3 BH 46 i 5 T R A% BB o 7 5 2 LG X 45 e
BHENIEE R, Blautia )8 £ 15 1 5 W [17] [20]. 120 5 s S AL T, Blautia B )@ 3 i
A1) [22]. AT, SEEREAFLL, FEBUE MRS I 5 EE W &I T B =R 2 Blautia B
J&[23]. AR, NT P R, RATHEREF VAT, i TEmtts %, AR
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WA AT B X HE A R E R, Blautia R REAE [FI 2R R R IE T RIEIME R, MOCsh ¥ sLin R i,
Blautia nJi@id 77 TNF-a. claudin-1. occludin 25k 2438 i 24 5 5E B Th e, M T Vs 15 1 45 B A6 AR AR /)N
FUREIR[24), XT3 B B, H ET oA S 5.

4.2. TEREE(Roseburia)
AWK, MEE ) Roseburia i Ja = 2 F AT AR . 00 DA S ARG & 08 2 2 5 5 (<400

43). Roseburia [ J& flff Roseburia intestinalis, R. hominis, R. inulinivorans, R. faecis 1 R. cecicola &5
5 P 2 [RMHMEAT B . BATsFi e, HEAMRRE R, PRI, Fale TIREE, M
W S5 is sl S dERE DA R R R e . BT AR ) LA A O Roseburia 1#J& €18, A ZE4& N 1) Roseburia 7] fE
U5 H BEFL[25]. fEMIE N, Roseburia i@ 7 il NS TCIETE AL BR/K AL & 0ok A2 BT BE N T R [26], JuH 2
Rer=tE REM T RRER DA IR EE . FLERER, 7™ AR (1) 4 4 AR Iy TR 2 ok 38 7 248 44 ok DR1 oA 1A 15 g 1 A
MG RAS[27] 0 J B g DT 1R PT I I T T 20 Bl fl i o A4 B (R0 R S 82 [28], Forb T IR &R AT 41
il NF-xB [RIH0E, AT 45 ol 5 b 2 SORE AR R 11 mRNA 338, AT AR H%E G 5 75 A4 %A
[29]. VA CHR#RIE, Roseburia &5 RIEMEGH M2 B S IE R ERESEAEVIRR. ERIEMNR
R EIMES, TR S REERE, XN Roseburia B & /K FIRBEE[30], HikEN ExR, £ R
i B 7B N, Roseburia B & =F B 5 5 FEIK[31] [32]. A TR EE, I4iE A Roseburia B )& =F i 2 %
fIK[33], TEVRIT &M G FEEN SR ARE . M5 N EMIG 5 MR &0 B2 R [34]. X T-45 e B,
EWFARIE, EAFAEMR LR 38 & N, Roseburia B J& 3 & 2 #1IN[35] . Roseburia )& 7= A4 1)
TERER VT LB L /b JF e SE ] c-Myc K4l miR-92a 3%, Mm$E s sEA ps7 K F[36]. th4t, £
TRt 5B, Roseburia B J& 5 4L FFVERGR . BERE. BEIRME . ARHLREIE. HEREEIE. KRG
LRI S — e A M. 4R B AT I, Roseburia B & 32 BB AU = A2 T IR S W AE4EFR 1 T 1718 (g R
SO KA R EAER

THEENTCRIN[37], 2o T M 5 1 /) B8 1 25 F1 40 it H4 % Sl 2 B4 086, ded o KR DR 4H 2
ST R BT TR E RN RAFE B w B, RN Eggerthella lenta /)& £ L& Parabacteroides
distasonis A1 Lactobacillus spp. (6, @ ACHIZH S iar, B TS 1/ RS b I R A
kg hn, JoE A IHR(TDCA), 5 Eggerthella lenta 2IEAHSC; Bh4h, ZFETHEH/NREDH
R EUE MAPK/ERK {55 (TDCA T IESERR) LA R MR I B B D e 32401 . fEARSLERH, %40 Eggerthella
EEEEY/NTFaIME, TR R . R4 Parabacteroides /& Lactobacillus B )& £ E = T
HRRRE . “TMRERA, HARZERLSHEE L.

FEASEIG Y, JEIT 16S rDNA K, FHA R AN [F) 8 5 58 S A P N B A A S0l 35 (1) i R AL R 22 e
W 2P SR s B IR E R 2 R, (ALEJE/K ERIL, Blautia )& M Roseburia B @+ EEH 2
R e NIRRT S8 /D (P R 52 A . Blautia 1)@ M Roseburia 1 J& ¥ i HAR W =% 16 3
K% RGHEAT T i PiEid 2 H A, KT Blautia & Roseburia 178 715 344 N AR ™4
FAEFBLE, AT DRI TR AE SR R IR L VR IT T B A i L%
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