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Abstract

The gut microbiota is often affected by the dietary and lifestyle habits of the host, resulting in

a better efficacy that favors energy harvesting from the consumed food. Our objective was

to characterize the composition of gut microbiota in adult Saudis and investigate possible

association with lifestyle and dietary practices. Feces from 104 Saudi volunteers (48%

males) were tested for microbiota by sequencing the V3-V4 region of bacterial 16S ribo-

somal RNA (rRNA). For all participants, data were collected related to their lifestyle habits

and dietary practices. The relative abundance (RA) of Fusobacteria was significantly higher

in normal weight Saudis (P = 0.005, false discovery rate±FDR = 0.014). Individuals who

consumed more coffee presented marginally significant more RA of Fusobacteria (P =

0.02, FDR = 0.20) in their gut microbiota compared to those reporting low or no coffee

intake, but the RA of Fusobacteria was significantly higher in smokers compared to non-

smokers (P = 0.009, FDR = 0.027). The RA of Fusobacteria was also significantly higher in

those reporting daily consumption of bread (P = 0.005, FDR = 0.015). At the species level,

the gut microbiota of people who consumed coffee was dominated by Bacteroides thetaio-

taomicron followed by Phascolarctobacterium faecium and Eubacterium rectale. Similarly,

the gut microbiota of smokers was also enriched by B. thetaiotaomicron and Lactobacillus

amylovorus. Smoking cessation, bread and coffee consumption induce changes in the

intestinal microbial composition of Saudis. This indicates the significance of diet and lifestyle
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practices in the determination of the composition of the gut microbiota, which could possibly

lead later to changes in metabolic profile and weight.

Introduction
Thegastrointestinalmicrobiomeestablishesastablesymbiotic,mutuallybeneficialrelation-
shipwith thehost.However,it isaffectedbyage,drugsanddiet amongotherfactors[1, 2].
Dietaryandlifestylehabitspositivelyalterthecompositionof gutmicrobiotato harvestenergy
from consumedfood[3, 4]. Recentstudiesrevealedthatcoffeehasantibioticeffectsandits
consumptioncanmodify thegutmicrobiota'scomposition[5]. Similarly,smokingmodifies
thegutmicrobiotacausinganincreasein FirmicutesandActinobacteriapopulationandleads
to adecreasein microbialdiversity[6]. Moreover,thetypeof food intakeby thehumanhost
alsoinfluencesthegutmicrobiotacompositionanddiversity[1, 2]. Thegutmicrobiotais
important to theprocessof harvesting,storingandexpendingenergyattainedfrom thediet.It
hasbeenreportedthat themicrobiotaof theduodenalaspiratesfrom obesepeoplewasableto
modulatefattyacidandsucrosebreakdownpathways,likely dueto dietaryimbalanceandhelp
thehostin harvestingenergyandleadto increasingadiposity[7].

SaudiArabiahasrapidlydevelopedeconomicallyandsociallyin thepastdecadeswith an
impacton thelifestyleof its citizens.Sucharapid lifestylechangehasinfluencedthedietary
consumptionhabitsof thewholepopulationandresultedin atrend towardsintakeof high
energyandprocessedfatswith high levelsof fat,saltandsugar[8]. Asaresult,obesityhas
appearedasanendemicdisorderthat isquicklyemergingasamajorproblemin SaudiArabia.
Accordingto alocalstudy,around70%of adultSaudisareeitheroverweightor obese[9].

ThebodyfatpercentageamongSaudichildrenandteenagersis increasingandleadingto
anemergenceof obesity[10]. To date,therearefewstudiesthathavecharacterizedthegut
microbiotacompositionamongSaudis[11]. Theobjectiveof thisstudywasto usehigh-
throughput16SribosomalRNA (rRNA) geneampliconsequencingto characterizethegut
microbiotaof aSaudipopulationanddetermineif smoking,coffeeandbreadconsumption
hadanimpacton their microbiome.

Methods

Subjectselectioncriteria
Subjectsandstudydesign. Thiscross-sectionalstudywasconductedbetweenJanuary

2015andDecember2015on healthyadultsof bothgenders,aged18±55yearsandof different
bodymassindex(BMI), recruitedfrom thestudentpopulationandothersattendingKing
AbdulazizUniversityMedicalcampus,aswellasmembersof their familiesandfriends.Exclu-
sioncriteria included:historyof coloncancer,inflammatoryboweldisease,acuteor chronic
diarrheain theprevious8 weeksandtreatmentwith antibioticsin the2 monthsprior to fecal
sampling,andintakeof medicationor supplements.Thestudywasapprovedby theEthics
Committeeof humanResearchatKing AbdulazizUniversityunderagreementnumber
014-CEGMR-2-ETH-P.All participantswereaskedto signawritten informedconsentafter
beinginformedaboutthepurposeof thestudyandensuredaboutconfidentialityof thedata.
Theywerethenrequestedto fill out aquestionnairecoveringtheir socio-demographicinfor-
mation,medicalhistoryandlifestylepractices.In addition,astructuredfoodfrequencyques-
tionnaire(FFQ)wasadministeredto evaluatetheir dietarypractices,andweightandheight
measurementsweretakenusingstandardizedtechniques.Theusedquestionnairewas
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previouslydescribedpartiallyor fully andusedin othermanuscripts[12±15].Weightand
heightwereusedto calculatebodymassindex(BMI = kgm-2) andtheWHO criteria [16] were
usedto classifyparticipantsasunderweight,normal,overweightandobese.Weightcategories
weredefinedaccordingto BMI asfollows:normal20±25kgm�2 , underweight18±20kgm�2 ,
overweight25±30kgm�2 , andobese>30 kgm�2 . Stoolsampleswerecollectedin asepticcon-
ditionswith clean,dry screw-topcontainersandimmediatelystoredat -20ÊC.

Extraction of DNA from stool samplesand16SrRNA sequencingusingMiSeqtechnol-
ogy. All participants'stoolsampleswereextractedusingadeglycosylationprotocolasfol-
lows:250�L of eachsamplewasplacedin a2 mL tubecontainingamixture of acid-washed
glassbeads(Sigma,Aldrich) andwith two or three0.5mm glassbeads.Mechanicallysiswas
performedbybead-beatingthemixture usingaFastPrepBIO 101apparatus(Qbiogene,Stras-
bourg,France)atmaximumspeed(6.5)for 3�30 seconds.Thesupernatantwascentrifugedat
12,000rpm for 10min andthepelletretained.A mixturecontaining2 �L of 10�glycoprotein
denaturingbufferEndoHf(NewEnglandBiolabs)and17�L of H2O wasaddedandheatedat
100ÊCfor 10minutes.Deglycosylationwasperformedaddingamixture of 2 �L of 10�G5
reactionbuffer(ref B1702NewEnglandBiolabs),2 �L of EndoHf(NewEnglandBiolabs),2 �L
of cellulase(Sigma)and16�L of H2O.Thepreparationwasthenincubatedovernightat37ÊC.
Finally,DNA wasextractedusingtheNucleoSpin1 TissueMini Kit (MachereyNagel,Hoerdt,
France)accordingto apreviouslydescribedprotocol[17]. Thequantity,purity, integrity and
sizeof DNA andits amenabilityto PCRamplificationwereassessed.Theconcentrationof
eachDNA extractionwasmeasuredbyaQubit assaywith thehighsensitivitykit (Life technol-
ogies,Carlsbad,CA,USA)accordingto theNexteraXT DNA sampleprepkit (Illumina) and
dilutedto 1ngaliquotsof eachmetagenomefor pairedendsequencinganalysis.DNA extracts
weredispensedinto 10-to 20-�L single-usealiquotsandfrozenat -20ÊCto avoidrepeat
freeze-thawcyclesprior to downstreamanalyses.Sampleswerethensequencedtargetingthe
V3±V4regionsof the16SrRNA geneusingMiSeqtechnologyaspreviouslydescribed[18,19].

Data processing:Filtering the reads,dereplicationandclustering. Pairedendfastqfiles
wereassembledusingFLASH[20]. A totalof 7518258joinedreadswerefilteredandthenana-
lyzedin QIIME bychoosingchimeraslayerfor removingchimeraandUclust[16,20] for
OperationalTaxonomicUnits (OTU) extractionasdescribedpreviously[18,19].All reads
wereclusteredwith athresholdof 97%identity to obtainOTU. ExtractedOTUswereblasted
againstSILVA123SSUdatabase[21] of releaseandtaxonomywereassignedto aspeciesif they
matchedonewith at least97%identity,aspreviouslydescribed[22,23].Briefly,for eachOTU,
representativesequenceswereextractedandweresearchedagainstthereferencedatabase.For
eachuniquerepresentativesequence,weextractedthebestmatchesfrom thereferencedata-
baseandsortedthembydecreasingpercentageof similarity roundedto thenearestinteger.
Weusedthereferencesequenceswith >97%similarity (or thehighestavailable)for taxonomic
assignmentsinto species.Whenmultiple matcheswith thesamepercentageof similarity were
present,thetaxonomyof eachrankwasobtainedbyconsensus[16,24].OTU not assignedto
anyspecieswereconsidered"unidentified".AsseveralOTUsmatchedidenticalspecies,the
totalnumberof identifiedspeciesandthenumberof unidentifiedOTU wasexpectedto be
smallerthanthetotalnumberof OTUs.

Statisticalanalysis. A non-parametricKruskal-Wallistestwasusedwith anadjustment
for multiple comparisonsusingthe���� ��� Benjamini-Hochbergcorrectionfrom theOMICS
packagein XLSTATV.2016.02(Addinsoft,Paris,France).After normalization,anexploratory
Pearsonprincipalcomponentanalysiswasfirst performedusingtherelativeabundanceat the
bacterialphylaandgenerallevelasanactivevariableandage,sex,andcoffeeconsumption,
smokingandbreadconsumptionassupplementaryelementsusingXLSTATv2014.3.07
(Addinsoft).StatisticalanalyseswereperformedusingGraphPadPrism,V 5.0(LaJolla,
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California,USA).TheFisher'sexacttestwasusedfor dichotomousvariables,theMann-Whit-
neytestfor continuousvariablesandtheSpearmantestfor correlations.Principalcoordinate
analysis(PCoA)wasobtainedusingtheweightedunifracdistanceafterdatararefactionat the
depthof 50,000readspersample,andtheAdonistestwasperformedin QIIME [20,25].Linear
discriminantanalysiseffectsize(LEfSe)wasperformedon relativeabundanceat thegenusand
specieslevelsusingparameterspreviouslyrecommended,includingper-samplenormalization
of thesumof thevaluesto 1M (http://huttenhower.sph.harvard.edu/galaxy/)[23].

Results
Wetested104volunteers(48%males)with medianage� interquartilerange(IR) was24� 7.7
(Table1).

Composition of gut microbiota andbodymassindex
Theanalysisof thehigh-qualitytrimmed readsrevealedthat thegutmicrobiotaof thesubjects
containedsequencesmostlybelongingto Firmicutes,followedbyBacteroidetes.Therelative
abundanceof Fusobacteriawassignificantlyhigher(87%)in normalweightsubjects
(� = 0.005,FDR= 0.014).Lentisphaeraewasmarginallysignificantlyhigherin thegutmicro-
biotaof obesesubjectsthanin thegutmicrobiotaof normal(� = 0.01,FDR= 0.11)andunder-
weightsubjects(� = 0.008,FDR= 0.022).Lentisphaeraewerenot detectablein thegut
microbiotaof overweightsubjects.EuryarchaeotaandSynergisteteswerenot detectablein the
gutmicrobiotaof obeseindividuals.PCoAof theoverallcompositionof thegeneracommuni-
tiesamongthegroupsdid not revealdifferencesamongthemicrobiomesof underweight,nor-
malweight,overweightandobeseindividuals(S1Fig).Themicrobialrichnessestimatedby
theShannonindexdid not revealdifferencesamongthemicrobiomesof underweight,normal
weight,overweightandobeseindividuals.

Composition of gut microbiota andcoffeeconsumption
Wefound thatcoffeeconsumptioninfluencedthegutmicrobiomeof thesubjects.Indeed,the
gutmicrobiotaof subjectswhoconsumedcoffeedailypresentedasignificantlyhigherrelative
abundanceof Synergisteteswhencomparedto thosewhoconsumedcoffeeoften(� = 0.01,
FDR= 0.10)or not atall (� = 0.01,FDR= 0.08).Individualswhooftenconsumedcoffeepre-
sentedmarginallysignificantlymorerelativeabundanceof Fusobacteria(86%)thanthosewho

Table1. Description of the volunteers.

Number of volunteers(%) Medianage� Interquartile range

BMI Underweight 21(20.2%) 23.0� 10

Normalweight 31(29.8%) 23.0� 6

Overweight 28(26.9%) 25.0� 8

Obese 24(23.1%) 27.0� 7

Smokers 19(19.2%) 28.0� 8

Coffee Daily consumption 5 (5.0%) 20.0� 8

Oftenconsumption 53(52.5%) 25.0� 7

No consumption 43(42.5%) 24.0� 9

Bread Daily consumption 67(67.0%) 24.0� 8

Oftenconsumption 21(21.0%) 26.0� 8

No consumption 12(12.0%) 25.0� 6

https://doi.org/10.1371/journal.pone.0230895.t001
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consumedcoffeedailyor not atall (� = 0.02,FDR= 0.20).Individualswhooftenconsumed
coffeedailyor oftenhadsignificantlymoreTenericutesandEuryarchaeotathanindividuals
whodid not consumecoffee.Moreover,PCoAof theoverallcompositionof thegeneracom-
munitiesbetweenthegroupsdid not revealdifferencesamongthemicrobiomesof individuals
concerningcoffeeconsumption(S1Fig).Themicrobialrichnessdid not revealdifferences
amongthemicrobiomesof subjectswhoconsumedcoffeedaily,oftenor not atall (S2Fig).
�	
	�� �
����	�� spprelativeabundancedid not differ amongindividualswhoconsumedcof-
feeor not (� = 0.6,FDR>0.2). However,wefound that thegutmicrobiotaof subjectswho
consumedcoffeedailywasenrichedby ���
����	�� ����
�� whereasthemicrobiotaof those
whodid not consumecoffeewasenrichedby �
�	�����
 �
���	�
. Thegutmicrobiotaof
individualswhoconsumedcoffeeoftenwasenrichedby �
�����	��� ����
	��
��	���� (S3Fig).
Overall,thegutmicrobiotaof subjectswhoconsumedcoffeewasdominatedby �. ����
	��
��
�	���� followedby ��
����
���� �
����	�� 

��	�� and�. ����
��, whereasthegutmicrobiota
of subjectswhodid not consumecoffeewasdominatedby �������	
 

��	� (Fig1).

Fig 1. Linear Discriminant Analysis(LDA) scoresof differentially abundantspeciesamongindividu alswhoconsumecoffee
(green)or not (red). TheLDA scoresrepresenttheeffectsizeof eachabundantspecies.Speciesenrichedin eachgroupwith anLDA
score>2 areconsidered.

https://doi.org/10.1371/journal.pone.0230895.g001
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Composition of gut microbiota andbreadconsumption
Therelativeabundanceof Fusobacteria(88%)wassignificantlyhigherin thegutmicrobiotaof
subjectswhodailyconsumedbread(� = 0.005,FDR= 0.015).Fusobacteriawerenot detectable
in thegutmicrobiotaof subjectswhodid not consumebread.Similarly,therelativeabundance
of SynergistetesandLentisphaeraeweresignificantlyhigherin thegutmicrobiotaof subjects
whooftenconsumedbread(� = 0.009,FDR= 0.028and� = 0.004,FDR= 0.011respectively).
Synergistetes,Cyanobacteria,EuryarchaeotaandLentisphaeraewerenot detectablein thegut
microbiotaof subjectswhodid not consumebread.PCoAof theoverallcompositionof the
generacommunitiesamongthegroupsdid not revealdifferencesamongsubjectsconcerning
breadconsumption(S1Fig).Moreover,breadconsumptiondid not affectthegutmicrobial
richness(S2Fig).

Composition of gut microbiota in relation to smoking
Theanalysisof thehigh-qualitytrimmed readsrevealedthat thegutmicrobiotaof subjects
whoweresmokerscontainedsequencesmostlybelongingto Bacteroidetes.Moreover,thegut
microbiotaof thenon-smokershadasignificantlyhigherrelativeabundanceof Fusobacteria
(83%)(� = 0.009,FDR= 0.027)andTenericutes(� = 0.008,FDR= 0.018)thanthegutmicro-
biotaof smokers.Synergistetes,LentisphaeraeandEuryarchaeotawerenot detectablein the
gutmicrobiotaof thenon-smokers.PCoAof theoverallcompositionof thegeneracommuni-
tiesbetweenthegroupsdid not revealdifferencesbetweenthemicrobiomesof smokersand
non-smokers(S1Fig).Similarly,wedid not find adifferencein themicrobialrichness,
betweenthegutmicrobiomesof smokersandnon-smokers(S2Fig).Analysisat thespecies
levelrevealedthat thegutmicrobiotaof smokerswasalsoenrichedby �. ����
	��
��	���� and
�
����
�	���� 
���������, whereasthegutmicrobiotaof theindividualswhodid not smoke
wasenrichedby �	
�	���� 	��	��� and���	�������� ����		 (Fig2).Finally,wefound that the
gutmicrobiotaof subjectswhoweresmokersandwhoconsumedcoffeeweredominatedby �.
����
	��
��	���� followedby �
�����	��� �
��	�	���	�, whereasthegutmicrobiotaof subjects
whodid not smokeandconsumedcoffeeby �����	���
 �������	
� (Fig3).

Discussion
In thisstudy,wecomparedthegutmicrobiomesof Saudisandweprovideimportant informa-
tion abouttheimpactof differentdietaryhabitson their gutmicrobiome.To thebestof our
knowledge,this is thesecondattemptto evaluatethestatisticalvariabilityof thegutmicrobiota
amongSaudis.Moreover,this is thefirst studythat involvedfemalevolunteersasSaudiArabia
hasaconservedsocietyandpeoplearereluctantto volunteerfor studiesinvolvingstoolsam-
ples,particularlyfemales.A limitation of our studywasthatwedid not measureon our Saudi
volunteersthewaistcircumference,visceralfat andthefat content(%),whicharemorerele-
vantfactorsthanBMI. Metagenomicsstudiesarethepreferentialtechniquefor theexploration
of thegutmicrobiotadiversitybut haveconsiderablylow reproducibilitydueto thedifferences
in sampling,sampleconservation,DNA extractionprotocol,sequencingmethod,anddata
analysisstrategy[7, 11,18,26].Althoughnextgenerationsequencing(NGS)technologyhas
alsobeenusedin severalstudiesfor theexplorationof thegutmicrobiotato thespecieslevel
[7, 11,18],anunequivocalidentificationon thespecieslevelisnot alwayspossibledueto the
highsimilaritiesof the16SrRNA genesequencingin somebacterialspeciesanddueto the
smallsequencethat isobtainedthat is roughlyonethird of thefull 16SrRNA gene.

Previously,Bacteroideteshavebeenlinked to weightgain[1]. Thereasonsfor thechanges
of thecomplexgastrointestinalmicrobiomeecosystemdueto obesityarestill controversial.In
our previouspilot study,weevaluatedchangesof thegutmicrobiotaof Saudisandreported

PLOS ONE Microbiota of Saudis

PLOS ONE | https://doi.org/10.1371/journal.pone.0230895 April 29, 2020 6 / 12

https://doi.org/10.1371/journal.pone.0230895


thatSaudishadasignificantlylowerdiversityin comparisonto agroupof Frenchpeople.The
differencemayhavebeendueto thefood intakewith lessdiversityamongSaudisin compari-
sonto theFrench[11]. Moreover,wefound thatobeseSaudispossessedsignificantlymoreFir-
micutesthannormalweightSaudis[11]. However,wedid not find differencesin thegut
microbiotapopulationof Firmicutesor Bacteroidetesamongindividualswith differentweight

Fig 2. LDA scoresof differentially abundantspeciesaccordingto smokers(green)and individu alswhodo not smoke(red). TheLDA scores
representtheeffectsizeof eachabundantspecies.Speciesenrichedin eachgroupwith anLDA score>2 areconsidered.

https://doi.org/10.1371/journal.pone.0230895.g002

Fig 3. LDA scoresof differentially abundantspeciesaccordingto individuals whoconsumedcoffeeandweresmokers(red) and individuals who
do not smokeandconsumecoffee(green).TheLDA scoresrepresenttheeffectsizeof eachabundantspecies.Speciesenrichedin eachgroupwith an
LDA score>2 areconsidered.

https://doi.org/10.1371/journal.pone.0230895.g003
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phenotypein thisstudy.Contradictoryresultson themicrobiomecanbenotedfrom different
analysesconductedfrom thesamelaboratory[26,27].In our studywebelievethat thesedis-
crepanciesweredueto subjectselection.In arecentsystematicreviewbasedon animalexperi-
mentsandclinicalstudies,it wasfound thataweightlossafterabariatricsurgerywas
associatedwith anincreaseof Fusobacteriain thegutmicrobiota[28]. Thismayexplainour
findingsthatFusobacteriaweresignificantlyhigherin normalweightSaudiscomparedto the
overweightor obeseones.

Diet playsanimportant roleon thegutmicrobiomesandcaninfluencethebacterialdiver-
sity from carnivoreto omnivoreto herbivore[29]. Indeed,therearevariousreportsof the
influenceof dietarycomponents,aswellaslifestyleon gutmicrobiotain humansfrom differ-
entgeographicalregions[28±34].

A high-fiberdiet hasbeenassociatedwith anenrichmentof thegutmicrobiota[31], and
gutmicrobiotadifferenceswereassociatedwith differenttypesof diet [32±34].Previous
reportshaveindicatedthatWesternpopulationshavelowermicrobialrichnessthannon-
Westernpopulations[32]. In apreviousstudywefound that thegutmicrobiotaof Bedouins,a
nomadicpopulationin SaudiArabia,eatingadiet that ismostlybasedon vegetables,fruits,
chicken,dairyproducts,fermentedfoodandricepresentedanincreasedbiodiversitywhen
comparedto urbanSaudis[18]. Eventhoughbreadconsumptiondid not affectthegutmicro-
bial richnessin our study,therelativeabundanceof Fusobacteriawassignificantlyhigherin
thegutmicrobiotaof subjectsconsumingbreadon adailybasis,whiletheywerenot detectable
in thegutmicrobiotaof thosewhodid not consumebread.Similarly,therelativeabundance
of SynergistetesandLentisphaeraeweresignificantlyhigherin thegutmicrobiotaof subjects
whooftenconsumedbreadbut werenot detectablein thegutmicrobiotaof thosewhodid not
consumebread.Similareffectson microbialrichnesswerereportedin micefedwhole-wheat
bread,andtherelativeabundanceof microbialspeciesalsodiffered[35]. However,arecent
humanstudyreportedabsenceof asignificantspeciescompositionalchangein themicrobiota
of personsfedeithertraditionallymadesourdoughleavenedwhole-grainbreador industrially
madewhitebreadfor oneweek,eventhoughsomeclinicalparametersandtheglycemicindex
of thesubjectswereaffected[36]. Theresearchersproposedthat theshortperiodof thestudy
wasnot enoughto inducechangesin thegutmicrobiota.However,alteringthedietwill
quickly leadto themodulationof thegutmicrobiome,thusfacilitatingtheadaptabilityto
diversehumanlifestylesdiets[35,36].

Wealsofound thatcoffeeconsumptioninfluencesthegutmicrobiotaof Saudis.Fewstudies
haveevaluatedtherelationshipbetweencoffeeconsumptionandgutmicrobiota[5]. Gniech-
witz �� 
�. found that thefecalmicrobiotadid not changeaftercoffeeconsumption[37]. Simi-
larly,healthyadultswhoconsumedthreecupsof coffeedaily for threeweeksdid not present
important modificationsto their gutmicrobiota[38]. In contrast,someindividualspresented
anincreasein thepopulationof �	
	���
����	�� sppin their gutmicrobiota[38]. In our stud-
ied individuals,wedid not find thatcoffeeconsumptioninfluencedthepopulationof gut �	
	�
���
����	�� spp.However,wefound that thegutmicrobiotaof peoplewhoconsumedcoffee
oftenwasenrichedby �. ����
�� and�. ����
	��
��	����. Thesamebacterialspeciesalsodomi-
natedin thegutmicrobiotaof smokers.In arecentstudy,thefecalmicrobiotaof individuals
undergoingsmokingwasalsoenrichedby ������	�	�� �����	���, �. ����
��, and������	�	��
������ subgroup[6, 39].In addition,across-sectionalstudyusingfluorescent	� �	�� hybrid-
izationtargetingselectedbacterialgroupsreportedthatsmokerssufferingbyCrohn'sdisease
presentedhigherBacteroidetes±���������
 comparingto nonsmokingpatients[40]. It waspre-
viouslyfound that theintestinalbacterialcompositionanddiversitybeganto changefrom the
fourth weekaftersmokingcessation.Althoughour studywasnot designedto investigate
potentialcausativemechanismsof thesmokingcessationon thegutmicrobiota,smoking
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seemsto affectbowelmucosaandmucin expression.Moreover,it ispossiblethat theabsorp-
tion of severaltoxic chemicalcompoundsin cigarettesmokecouldchangemetabolismand
alterthecompositionof gutmicrobiota.In addition,immunemodificationdueto smoking
mayindirectlyaffectthecompositionof gutmicrobiota.

Conclusion
Weprovideevidencethatsmokingcessationandcoffeeconsumptioninduceschangesin the
intestinalmicrobialcompositionof Saudis.Foodaffectsthegutmicrobiotaof individualsand
weprovedthatbreadconsumptionmodifiedthatgutmicrobiotaof Saudis.Mostof thesegut
microbiotamodificationsaffectthepopulationof Fusobacteria,aphylumthat isnot alarge
memberwithin humangutmicrobiota.Wepoint out theimportanceof moreintensive
researchin thefuture to understandtheimpactof Fusobacteriaasalsoof diet,coffeeand
smokingcessationon thegutmicrobiota.

Supporting information
S1Fig.Principle coordinateanalysis(PCoA) of the overall composition of the generacom-
munities amongthe groups.
(TIF)

S2Fig.Gut microbiota Chao1indexesaccordingto a,coffeeconsumption;b, smoking;and
c,breadconsumption.
(TIF)

S3Fig.LDA scoresof differentially abundantspeciesamongindividuals basedon daily
(red) or often (blue) coffeeconsumptionandno coffeeconsumption(green).TheLDA
scoresrepresenttheeffectsizeof eachabundantspecies.Speciesenrichedin eachgroupwith
anLDA score>2 areconsidered.
(TIF)
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