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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 ratexFDR = 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

Thegastrointestinamicrobiomeestablishea stablesymbiotic,mutually beneficiakelation-
shipwith the host.However |t is affectecby age drugsanddietamongotherfactorg[1, 2].
Dietaryand|lifestylehabitspositivelyalterthe compositionof gut microbiotato harvesienergy
from consumedood[3, 4]. Recenstudiesrevealedhat coffeehasantibiotic effectsandits
consumptioncanmodify the gut microbiota'scomposition[5]. Similarly,smokingmodifies
thegut microbiotacausinganincreasen Firmicutesand Actinobacterigpopulationandleads
to adecreasé microbialdiversity[6]. Moreover thetypeof food intakeby the humanhost
alsoinfluenceghe gut microbiotacompositionanddiversity[1, 2]. Thegut microbiotais
importantto the proces®f harvestingstoringandexpendingenergyattainedfrom thediet. It
hasbeenreportedthatthe microbiotaof the duodenalaspiratesrom obeseeoplewasableto
modulatefatty acidand sucrosebreakdownpathwayslikely dueto dietaryimbalanceandhelp
thehostin harvestingenergyandleadto increasingadiposity[7].

SaudiArabiahasrapidly developedconomicallyandsociallyin the pastdecadesvith an
impacton thelifestyleof its citizens Sucharapid lifestylechangehasinfluencedthe dietary
consumptionhabitsof the wholepopulationandresultedin atrend towardsintakeof high
energyandprocessedhatswith high levelsof fat, saltand sugarn8]. Asaresult,obesityhas
appeareasanendemicdisorderthatis quickly emergingasamajor problemin SaudiArabia.
Accordingto alocalstudy,around70%of adult Saudisareeitheroverweighior obesd9].

Thebodyfat percentagamongSaudichildrenandteenagerss increasingandleadingto
anemergencef obesity{10]. To date therearefewstudieshat havecharacterizedhe gut
microbiotacompositionamongSaudig11]. The objectiveof this studywasto usehigh-
throughput16SribosomalRNA (rRNA) geneampliconsequencingo characterizéhe gut
microbiotaof a Saudipopulationanddetermineif smoking,coffeeandbreadconsumption
hadanimpacton their microbiome.

Methods
Subjectselectioncriteria

Subjectsand study design. Thiscross-sectionatudywasconductedbetweenlanuary
2015andDecembeR0150n healthyadultsof both gendersagedl 8+55yearsand of different
bodymassndex(BMI), recruitedfrom the studentpopulationand othersattendingKing
AbdulazizUniversityMedicalcampusaswell asmembersof their familiesandfriends.Exclu-
sioncriteriaincluded:history of coloncancerjnflammatoryboweldiseaseacuteor chronic
diarrheain the previous8 weeksandtreatmentwith antibioticsin the 2 monthsprior to fecal
sampling andintakeof medicationor supplementsThe studywasapprovedoy the Ethics
Committeeof humanResearcltKing AbdulazizUniversityunderagreemenhumber
014-CEGMR-2-ETH-PAIl participantswereaskedo signawritten informed conseniafter
beinginformed aboutthe purposeof the studyand ensuredaboutconfidentialityof the data.
Theywerethenrequestedo fill out aquestionnairecoveringtheir socio-demographimfor-
mation, medicalhistory andlifestylepracticesln addition, astructuredfood frequencygues-
tionnaire (FFQ)wasadministeredo evaluateheir dietarypracticesandweightand height
measurementa/eretakenusingstandardizedechniquesThe usedquestionnairevas
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previouslydescribedartially or fully andusedin othermanuscriptd12+15].Weightand
heightwereusedto calculatdbodymassndex (BMI = kgm™) andthe WHO criteria[16] were
usedto classifyparticipantsasunderweightnormal, overweightand obeseWeightcategories
weredefinedaccordingto BMI asfollows:normal 20+25%g m 2 , underweightl8+20kgm 2,
overweigh25+30kgm ?, andobese>30 kgm 2. Stoolsamplesverecollectedn asepticcon-
ditions with cleandry screw-topcontainersandimmediatelystoredat-20 EC.

Extraction of DNA from stool samplesand 16 SrRNA sequencingising MiSeqtechnol-
ogy. All participants'stoolsamplesvereextractedusingadeglycosylatioprotocolasfol-
lows:250 L of eachsamplewasplacedn a2 mL tubecontainingamixture of acid-washed
glasdeadqSigmaAldrich) andwith two or three0.5mm glasdeadsMechanicalysiswas
performedby bead-beatinghe mixture usingaFastPrepBIO 101apparatugQbiogene Stras-
bourg,France)at maximumspeed6.5)for 3 30 secondsThe supernatantvascentrifugedat
12,000pm for 10min andthe pelletretained A mixture containing2 L of 10 glycoprotein
denaturingbuffer EndoHf (NewEnglandBiolabs)and17 L of H,O wasaddedandheatecht
100ECfor 10minutes.Deglycosylatiomasperformedaddingamixture of 2 L of 10 G5
reactionbuffer (ref B1702NewEnglandBiolabs)2 L of EndoHf (NewEnglandBiolabs)?2 L
of cellulas€Sigma)and16 L of H,0. Thepreparationwasthenincubatedovernightat 37EC.
Finally, DNA wasextractedusingthe NucleoSpift TissueMini Kit (MachereyNagel Hoerdt,
France)accordingto apreviouslydescribedorotocol[17]. Thequantity, purity, integrity and
sizeof DNA andits amenabilityto PCRamplificationwereassesse@he concentrationof
eachDNA extractionwasmeasuredy a Qubit assayvith the high sensitivitykit (Life technol-
ogiesCarlsbadCA, USA)accordingto the NexteraXT DNA sampleprepkit (lllumina) and
dilutedto 1 ngaliquotsof eachmetagenoméor pairedendsequencingnalysisDNA extracts
weredispensednto 10-to 20- L single-usaliquotsandfrozenat-20 ECto avoidrepeat
freeze-thaveyclegrior to downstreamanalysesSamplesverethensequencetargetingthe
V3xV4regionsof the 16 S'TRNA geneusingMiSeqtechnologyaspreviouslydescribed18, 19].

Data processingFiltering the reads,dereplication and clustering. Pairedendfastdfiles
wereassembledsingFLASH[20]. A total of 7518258oined readswerefiltered andthenana-
lyzedin QIIME by choosingchimeraslayeifor removingchimeraandUclust[16, 20] for
OperationalTaxonomicUnits (OTU) extractionasdescribecpreviously{18,19]. All reads
wereclusteredvith athresholdof 97%identity to obtainOTU. ExtractedOTUswereblasted
againsiSILVA123SSUdatabas¢? 1] of releasendtaxonomywereassignedo aspeciesf they
matchedonewith atleast97%identity, aspreviouslydescribed22, 23]. Briefly,for eachOTU,
representativeequencewereextractecandweresearchegainsthe referencedatabase-or
eachuniquerepresentativeequenceyeextractedhe bestmatchedrom thereferencedata-
baseandsortedthemby decreasingercentagef similarity roundedto the nearesinteger.
We usedthereferencesequencewith >97% similarity (or the highestavailablefor taxonomic
assignmentmto speciesWhenmultiple matcheswith the samepercentagef similarity were
presentthe taxonomyof eachrank wasobtainedby consensugl6,24]. OTU not assignedo
anyspeciesvereconsidered'unidentified".As severaDTUs matcheddenticalspecieshe
total numberof identified speciesindthe numberof unidentified OTU wasexpectedo be
smallerthanthetotal numberof OTUs.

Statisticalanalysis. A non-parametridkruskal-Wallistestwasusedwith anadjustment
for multiple comparisonsisingthe Benjamini-Hochbergorrectionfrom the OMICS
packagen XLSTATV.2016.0ZAddinsoft, Paris,France) After normalization,anexploratory
Pearsorprincipal componentanalysisvasfirst performedusingtherelativeabundancetthe
bacterialphylaandgeneralevelasanactivevariableand age sex,and coffeeconsumption,
smokingandbreadconsumptionassupplementarglementsusingXLSTATv2014.3.07
(Addinsoft). StatisticabnalysesvereperformedusingGraphPadPrism,V 5.0(LaJolla,
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Tablel. Description of the volunteers.

BMI Underweidt
Normal weight
Overweght
Obese

Smokers

Coffee Daily consumptio
Oftenconsumpion
No consumpton

Bread Daily consumptia
Oftenconsumpion
No consumpton

https://da.org/10.1371durnal.pon®230895.t001

Number of volunteers(%) Medianage Interquartile range
21(20.2%) 23.0 10
31(29.8%) 23.0 6
28(26.9%) 250 8
24(23.1%) 270 7
19(19.2%) 28.0 8
5 (5.0%) 20.0 8
53(52.5%) 250 7
43(42.5%) 240 9
67(67.0%) 240 8
21(21.0%) 26.0 8
12(12.0%) 250 6

California,USA).The Fisher'sexactiestwasusedfor dichotomousvariablesthe Mann-Whit-
neytestfor continuousvariablesandthe Spearmartestfor correlationsPrincipalcoordinate
analysigPCoA)wasobtainedusingthe weightedunifrac distanceafterdatararefactionatthe
depthof 50,000eadsgper sampleandthe Adonistestwasperformedin QIIME [20, 25]. Linear
discriminantanalysieffectsize(LEfSe)wasperformedon relativeabundancet the genusand
speciesevelausingparameterpreviouslyrecommendedincluding per-samplanormalization
of the sumof thevaluedo 1 M (http://huttenhower.sph.harvarddu/galaxy/]J23].

Results

WetestedlO4volunteerg48%males)wvith medianage interquartilerange(IR) was24 7.7
(Tablel).

Composition of gut microbiota and body massindex

Theanalysiof the high-qualitytrimmed readsrevealedhat the gut microbiotaof the subjects
containedsequencesostlybelongingto Firmicutes followedby BacteroidetesTherelative
abundancef Fusobacteriavassignificantlyhigher(87%)in normal weightsubjects

( =0.005FDR=0.014)Lentisphaeragiasmarginallysignificantlyhigherin the gut micro-
biotaof obesesubjectghanin the gut microbiotaof normal( =0.01FDR=0.11)andunder-
weightsubject§ = 0.008FDR= 0.022)Lentisphaeragerenot detectablén thegut
microbiotaof overweightsubjectsEuryarchaeotand Synergisteteserenot detectablén the
gutmicrobiotaof obesandividuals.PCoAof the overallcompositionof the generacommuni-
tiesamongthe groupsdid not revealdifferencesamongthe microbiomesof underweightnor-
malweight,overweighand obesendividuals(S1Fig). The microbial richnessestimatedoy
the Shannorindexdid not revealifferencesamongthe microbiomesof underweightnormal
weight,overweightand obeseéndividuals.

Composition of gut microbiota and coffeeconsumption

We found that coffeeconsumptioninfluencedthe gut microbiomeof the subjectsindeed the
gut microbiotaof subjectasvho consumectoffeedaily presenteda significantlyhigherrelative
abundancef Synergistetewhencomparedo thosewho consumedcoffeeoften( =0.01,
FDR=0.10)or notatall( =0.01FDR=0.08).Individualswho oftenconsumedoffeepre-
sentedmarginallysignificantlymorerelativeabundancef Fusobacteri§86%)than thosewho
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consumedcoffeedailyor notatall( = 0.02,FDR= 0.20).Individualswho oftenconsumed
coffeedaily or oftenhadsignificantlymore Tenericutesand Euryarchaeot¢hanindividuals
who did not consumecoffee Moreover,PCoAof the overallcompositionof the generacom-
munitiesbetweerthe groupsdid not revealdifferenceamongthe microbiomesof individuals
concerningcoffeeconsumption(S1Fig). Themicrobial richnesddid not revealdifferences
amongthe microbiomesof subjectavho consumecdtoffeedaily, oftenor not atall (S2Fig).
spprelativeabundancalid not differ amongindividualswho consumedcof-
feeor not ( =0.6,FDR>0.2). Howeverwefound thatthe gut microbiotaof subjectsvho

consumedoffeedaily wasenrichedby whereaghe microbiotaof those
who did not consumecoffeewasenrichedby . Thegutmicrobiotaof
individualswho consumedcoffeeoftenwasenrichedby (S3Fig).
Overall,the gut microbiotaof subjectsvho consumedcoffeewasdominatedby .

followedby and . , Whereashe gutmicrobiota
of subjectsvho did not consumecoffeewasdominatedby (Fig1).

Fig 1. Linear Discriminant Analysis(LDA) scoresof differentially abundantspeciesamongindividu alswho consumecoffee
(green)or not (red). TheLDA scoresepresenthe effectsizeof eachabundantspeciesSpeciegnrichedin eachgroupwith anLDA
score>2 areconsidered

https://da.org/10.1371¢urnal.pon®230895.g0D
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Composition of gut microbiota and bread consumption

Therelativeabundancef Fusobacteri§g88%)wassignificantlyhigherin the gut microbiotaof
subjectavho daily consumediread( =0.005FDR=0.015)Fusobacteriaverenot detectable
in the gut microbiotaof subjectavho did not consumebread.Similarly,therelativeabundance
of Synergisteteand Lentisphaerageresignificantlyhigherin the gut microbiotaof subjects
whooftenconsumediread( =0.009FDR=0.028and =0.004FDR=0.011respectively).
Synergistete§yanobacterig;uryarchaeotand Lentisphaeragerenot detectablén the gut
microbiotaof subjectsvho did not consumebread.PCoAof the overallcompositionof the
generacommunitiesamongthe groupsdid not revealdifferencesamongsubjectoncerning
breadconsumption(S1Fig). Moreover,breadconsumptiondid not affectthe gut microbial
richnesqS2Fig).

Composition of gut microbiota in relation to smoking

Theanalysiof the high-qualitytrimmed readsrevealedhatthe gut microbiotaof subjects
whoweresmokerscontainedsequencesiostlybelongingto BacteroidetesMoreover the gut
microbiotaof the non-smokershada significantlyhigherrelativeabundancesf Fusobacteria
(83%)( =0.009FDR=0.027)and Tenericuteg =0.008FDR=0.018)thanthe gutmicro-
biotaof smokersSynergisteteg.entisphaeraand Euryarchaeotaverenot detectablén the
gut microbiotaof the non-smokersPCoAof the overallcompositionof the generacommuni-
tieshetweerthe groupsdid not revealdifferencedetweerthe microbiomesof smokersand
non-smokergS1Fig). Similarly,wedid not find adifferencein the microbialrichness,
betweerthe gut microbiomesof smokersand non-smokerqS2Fig). Analysisat the species
levelrevealedhatthe gut microbiotaof smokersvasalsoenrichedby . and
, whereaghe gut microbiotaof theindividualswho did not smoke

wasenrichedby and (Fig 2). Finally,wefoundthatthe
gut microbiotaof subjectsvho weresmokersandwho consumedcoffeeweredominatedby .

followedby , whereaghe gut microbiotaof subjects
who did not smokeand consumedtoffeeby (Fig3).

Discussion

In this study,we comparedhe gut microbiomesof Saudisandwe provideimportant informa-
tion abouttheimpactof differentdietaryhabitson their gut microbiome.To the bestof our
knowledgethisisthe secondattemptto evaluatehe statisticalariability of the gut microbiota
amongSaudisMoreover thisis thefirst studythat involvedfemalevolunteersaasSaudiArabia
hasa conservedocietyand peoplearereluctantto volunteerfor studiesnvolving stoolsam-
ples particularlyfemalesA limitation of our studywasthatwedid not measureon our Saudi
volunteerghe waistcircumferenceyiscerafat andthe fat content(%),which aremorerele-
vantfactorsthan BMI. Metagenomicstudiesarethe preferentiatechniquefor the exploration
of the gut microbiotadiversitybut haveconsiderablyow reproducibility dueto the differences
in sampling,sampleconservationDNA extractionprotocol,sequencingnethod,anddata
analysisstrategy[7, 11,18,26]. Although nextgeneratiorsequencingNGS)technologyhas
alsobeenusedin severaktudiedor the explorationof the gut microbiotato the speciegevel
[7,11,18],anunequivocaldentification on the speciegevelis not alwaygossibledueto the
high similaritiesof the 16 SrRNA genesequencingn somebacterialspeciesinddueto the
smallsequencghatis obtainedthatis roughlyonethird of thefull 16 SrRNA gene.
PreviouslyBacteroidetehavebeenlinked to weightgain[1]. Thereasondor the changes
of the complexgastrointestinamicrobiomeecosystendueto obesityarestill controversialln
our previouspilot study,weevaluatedthange®f the gut microbiotaof Saudisandreported
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Fig 2. LDA scoresof differentially abundantspeciesaccordingto smokers(green)and individu alswho do not smoke(red). TheLDA scores
representhe effectsizeof eachabundantspeciesSpeciegnrichedin eachgroupwith anLDA score>2 areconsidered

https://abi.org/10.1371durnal.por.0230895.402

that Saudishada significantlylower diversityin comparisornto agroupof Frenchpeople The
differencemayhavebeendueto the food intakewith lessdiversityamongSaudisn compari-
sonto the French[11]. Moreoverwefound that obeseSaudigpossessesignificantlymore Fir-
micutesthan normalweightSaudig11]. Howeverwedid not find differencesn the gut
microbiotapopulationof Firmicutesor Bacteroideteamongindividualswith differentweight

Fig 3. LDA scoresof differentially abundantspeciesaccordingto individuals who consumedcoffeeand weresmokers(red) and individuals who
do not smokeand consune coffee(green). The LDA scoresepresenthe effectsizeof eachabundantspeciesSpeciegnrichedin eachgroupwith an
LDA score>2 areconsideed.

https://bi.org/10.1371durnal.por.0230895.¢08
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phenotypdn this study.Contradictoryresultson the microbiomecanbenotedfrom different
analysesonductedirom the samdaboratory[26,27].In our studywebelievethatthesedis-
crepanciesveredueto subjectselectionln arecentsystematiceviewbasedn animalexperi-
mentsandclinical studiesjt wasfound thataweightlossafterabariatricsurgerywas
associatetvith anincreaseof Fusobacteri#gn the gut microbiota[28]. This mayexplainour
findingsthat Fusobacteriaveresignificantlyhigherin normalweightSaudicomparedo the
overweightor obeseones.

Diet playsanimportantrole on the gut microbiomesand caninfluencethe bacterialdiver-
sityfrom carnivoreto omnivoreto herbivore[29]. Indeed therearevariousreportsof the
influenceof dietarycomponentsaswell aslifestyleon gut microbiotain humansfrom differ-
entgeographicalegions[28+34].

A high-fiberdiet hasbeenassociatedith anenrichmentof the gut microbiota[31], and
gutmicrobiotadifferencesvereassociatedith differenttypesof diet[32+34].Previous
reportshaveindicatedthat Westernpopulationshavelowermicrobialrichnesghannon-
Westernpopulationg32]. In apreviousstudywefound thatthe gut microbiotaof Bedouinsa
nomadicpopulationin SaudiArabia,eatingadietthatis mostlybasedn vegetablediuits,
chicken dairy products fermentedfood andrice presentedinincreasediodiversitywhen
comparedo urban Saudig18]. Eventhoughbreadconsumptiondid not affectthe gut micro-
bial richnesdn our study,therelativeabundancef Fusobacteriavassignificantlyhigherin
the gut microbiotaof subjectsonsumingbreadon adaily basiswhile theywerenot detectable
in the gut microbiotaof thosewho did not consumebread.Similarly,therelativeabundance
of Synergisteteand Lentisphaerawveresignificantlyhigherin the gut microbiotaof subjects
who oftenconsumedreadbut werenot detectablén the gut microbiotaof thosewho did not
consumebread.Similareffectson microbialrichnesswverereportedin micefedwhole-wheat
bread,andtherelativeabundancef microbial specieslsodiffered[35]. Howeverarecent
humanstudyreportedabsencef asignificantspeciegompositionalchangan the microbiota
of persondedeithertraditionally madesourdougheavenedvhole-grainbreador industrially
madewhite breadfor oneweek eventhoughsomeclinical parameterandthe glycemidandex
of the subjectavereaffected 36]. Theresearcherproposedhatthe shortperiod of the study
wasnot enoughto inducechangesn the gut microbiota.However alteringthe diet will
quickly leadto the modulationof the gut microbiome thusfacilitatingthe adaptabilityto
diversehumanlifestylediets[35, 36].

We alsofound that coffeeconsumptioninfluenceghe gut microbiotaof SaudisFewstudies
haveevaluatedherelationshipbetweercoffeeconsumptionand gut microbiota[5]. Gniech-
witz . foundthatthefecalmicrobiotadid not changeaftercoffeeconsumption[37]. Simi-
larly, healthyadultswho consumedhreecupsof coffeedaily for threeweekdid not present
important modificationsto their gut microbiota[38]. In contrast,someindividualspresented
anincreasen the populationof sppin their gut microbiota[38]. In our stud-
iedindividuals,wedid not find that coffeeconsumptioninfluencedthe populationof gut

spp-Howeverwefound that the gut microbiotaof peoplewho consumedoffee

oftenwasenrichedby . and . . Thesamebacterialspecieslsodomi-
natedin the gut microbiotaof smokersin arecentstudy,the fecalmicrobiotaof individuals
undergoingsmokingwasalsoenrichedby , . , and

subgroup6, 39].In addition,across-sectionatudyusingfluorescent hybrid-
izationtargetingselectedacterialgroupsreportedthat smokerssufferingby Crohn'sdisease
presentedhigherBacteroidetes+ comparingto nonsmokingpatients[40]. It waspre-
viouslyfound thatthe intestinalbacterialcompositionand diversitybeganto changdrom the
fourth weekaftersmokingcessationAlthough our studywasnot designedo investigate
potentialcausativenechanism®f the smokingcessatioron the gut microbiota,smoking
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seemgo affectbowelmucosaand mucin expressionMoreover,it is possiblehatthe absorp-
tion of severatoxic chemicalcompoundsn cigarettesmokecould changemetabolismand
alterthe compositionof gut microbiota.Iln addition,immune modificationdueto smoking
mayindirectly affectthe compositionof gut microbiota.

Conclusion

We provideevidenceahat smokingcessatiorand coffeeconsumptioninduceschangedn the
intestinalmicrobial compositionof SaudisFoodaffectshe gut microbiotaof individualsand
weprovedthat breadconsumptionmodified that gut microbiotaof SaudisMost of thesegut
microbiotamodificationsaffectthe populationof Fusobacterizg phylumthatis not alarge
memberwithin humangut microbiota.We point out the importanceof moreintensive
researchn thefuture to understandheimpactof Fusobacteriasalsoof diet, coffeeand
smokingcessatioron the gut microbiota.

Supporting information

S1Fig. Principle coordinate analysis(PCoA) of the overall composition of the generacom-
munities amongthe groups.
(TIF)

S2Fig. Gut microbiota Chaolindexesaccordingto a, coffeeconsumption;b, smoking;and
¢, breadconsumption.
(TIF)

S3Fig. LDA scoresof differentially abundantspeciesamongindividuals basedon daily
(red) or often (blue) coffeeconsumption and no coffeeconsumption (green).The LDA
scoregepresenthe effectsizeof eachabundantspeciesSpeciegnrichedin eachgroupwith
anLDA score>2 areconsidered.
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