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Theminimuminformationaboutagenomesequence
(MIGS)specification
DawnField*1,GeorgeGarrity2,TanyaGray1,NormanMorrison3,4,JeremySelengut5,PeterSterk6,TatianaTatusova7,
NicholasThomson8,MichaelJAllen9,SamuelVAngiuoli5,10,MichaelAshburner11,NelsonAxelrod5,
SandraBaldauf12,StuartBallard13,JeffreyBoore14,GuyCochrane6,JamesCole2,PeterDawyndt15,PaulDeVos16,17,
ClaudedePamphilis18,RobertEdwards19,20,NadeemFaruque6,RobertFeldman21,JackGilbert9,PaulGilna22,
FrankOliverGlöckner23,PhilipGoldstein24,RobertGuralnick24,DanHaft5,DavidHancock3,4,
HenningHermjakob6,ChristianeHertz-Fowler8,PhilHugenholtz25,IanJoint9,LeonidKagan5,MatthewKane26,
JessieKennedy27,GeorgeKowalchuk28,RenzoKottmann23,EugeneKolker29–31,SaulKravitz5,NikosKyrpides32,
JimLeebens-Mack33,SuzannaELewis34,KelvinLi5,AllysonLLister35,36,PhillipLord35,NataliaMaltsev20,
VictorMarkowitz37,JenniferMartiny38,BarbaraMethe5,IleneMizrachi7,RichardMoxon39,KarenNelson5,40,
JulianParkhill8,LitaProctor26,OwenWhite10,Susanna-AssuntaSansone6,AndrewSpiers42,RobertStevens3,
PaulSwift1,ChrisTaylor6,YoshioTateno43,AdrianTett1,SarahTurner1,DavidUssery44,BobVaughan6,
NaomiWard45,TrishWhetzel46,IngioSanGil41,GarethWilson1&AnilWipat35,36

Withthequantityofgenomicdataincreasingatanexponential
rate,itisimperativethatthesedatabecapturedelectronically,
inastandardformat.Standardizationactivitiesmustproceed
withintheauspicesofopen-accessandinternationalworking
bodies.Totackletheissuessurroundingthedevelopmentof
betterdescriptionsofgenomicinvestigations,wehaveformed
theGenomicStandardsConsortium(GSC).Here,weintroduce
theminimuminformationaboutagenomesequence(MIGS)
specificationwiththeintentofpromotingparticipationinits
developmentanddiscussingtheresourcesthatwillberequired
todevelopimprovedmechanismsofmetadatacaptureand
exchange.Aspartofitswidergoals,theGSCalsosupports
improvingthe‘transparency’oftheinformationcontainedin
existinggenomicdatabases.

Awealthofgenomicandmetagenomicsequences
Bytheendofnextyear,therewillbecompletegenomesequencesof
atleastdraftqualityformorethan1,000bacteriaandarchaeaand100
eukaryotes1,2andforevenlargernumbersofviruses,organellesand
plasmids.With the rapid pace at which new genome sequences are
appearing,theneedtoconsiderhowbesttoensurestewardshipofthese
dataforthelongtermhasneverbeenmorepressing.

Ourgenomecollection:morethanthesumofitsparts.Theanalysisof
genomicinformationishavinganimpactoneveryareaofthelifesci-
encesandbeyond.Agenomesequenceisaprerequisitetounderstanding
themolecularbasisofphenotype,howitevolvesovertimeandhowwe

canmanipulateittoprovidenewsolutionstocriticalproblems.Such
solutionsincludetherapiesandcuresfordisease,industrialproducts,
approachesforbiodegradationofxenobioticcompoundsandrenew-
ableenergysources.Withimprovementsinsequencingtechnologies,
thegrowinginterestinmetagenomicapproachesandtheprovenpower
ofcomparativeanalysisofgroupsofrelatedgenomes,wecanenvision
thedaywhenitwillbecommonplacetosequencetenstohundredsof
genomesormoreaspartofasinglestudy.Atcurrentratesofgenome
sequencing,ithasbeenestimatedthat>4,000bacterialgenomeswillbe
availablesoonafter2010(ref.1).

Giventheimportanceofthegrowinggenomecollection,thecapi-
talinvestmentinitscreationandthebenefitsofleveragingitsvalue
throughdiversecomparativeanalyses,everyeffortshouldbemadeto
describeitasaccuratelyandcomprehensivelyaspossible.Thereisan
increasinginterest fromthecommunity indoingso, forthreemain
reasons.Thefirst istheinterest intestinghypothesesaboutthefea-
turesobservedingenomesusingcomparativeevo-andeco-genomic
approaches3.Thesecondistheneedtosupplementthecontentofa
varietyofdatabaseswithhigh-leveldescriptionsofgenomesthatallow
usefulgrouping,sortingandsearchingoftheunderlyingdata.Thethird
isthegrowthingenomesequencedatafromenvironmentalisolatesand
metagenomes—vastdatasetsofDNAfragmentsfromenvironmental
samples4–6.Thedatageneratedbysuchstudieswilldwarfcurrentstores
ofgenomicinformation,makingimproveddescriptionsofgenomes
evenmoreimportant.

Atpresent,bothtop-leveldescriptorsandgenomedescriptionsare
incompleteformanyreasons.Firstandforemost,inhindsightwenow
knowtheminimumqualityandquantityofinformationthatisrequiredto
makeeachdescriptionprecise,accurateanduseful.Forexample,evenfor
bacterialandarchaealspecieswithvalidlypublishednames,strainnames
werenotroutinelycapturedingenomeannotationdocumentsbefore
thesequencingoflargenumbersofgenomesfromthesamespecies7,

*Alistofaffiliationsappearsattheendofthepaper.
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butsuchinformationisnowconsideredessential.Throughempirical
observations,weareexpandingourviewofthetypesofinformationthat
areimportantfortestingparticularhypotheses,exploringnewpatterns
andquantifyinginherentsamplingbiases3,8.

Asthenumberofhabitatsandcommunitiessampledusingmetage-
nomicapproaches increases,wearealsobeing forcedtorethinkour
understanding of the minimum information required to adequately
describeagenomesequence.Withoutadequatedescriptionoftheenvi-
ronmentalcontextandtheexperimentalmethodsused,suchdatasetswill

beoflessvalueforresearcherswishingtoconductcomparativegenomic
studiesorlinkgeneticpotentialwiththediversityandabundanceof
organisms.Infact,giventhevastnumberofuncultivatedmicrobes,it
maybethataDNA-centricapproach,inwhichgenesarelinkedtohabi-
tats(locations),ismoreusefulthanthespecies-centricview9,10.Finally,
sequencingtechnologyisadvancingrapidly,andtheadoptionofnew
methods11,13willforcetheadoptionofadditionaldescriptors(e.g.,the
depthofsequencecoverage,qualityandwhetherany‘finishing’wasused)
tobeabletodistinguishamongthesemethods.

Box1MinimumInformationaboutaGenomeSequence(MIGS)checklistversion2.0
Reporttype

Investigation EU BA PL VI OR ME

•SubmittotracearchivesandINSDC M M M M M M

• Investigationtype(i.e.,reporttype) M M M M M M

•Projectname2 M M M M M M

•Study

•Environment

•Geographiclocation(latitudeandlongitudefloat(point,transectandregion),depthandaltitudeof
sample)(integer)

M M M M M M

•Timeofsamplecollection(UCT) M M M M M M

•HabitatEnvO M M M M M M

MIMSextension:selecttoreportasetofuniformmeasurementsforagivenhabitat: M

•Waterbody:(temperature,pH,salinity,pressure,chlorophyll,conductivity,lightintensity,
dissolvedorganiccarbon(DOC),current,atmosphericdata,density,alkalinity,dissolved
oxygen,particulateorganiccarbon(POC),phosphate,nitrate,sulfates,sulfides,primary
production)(integer,unit)

•Nucleicacidsequencesource

•Subspecificgeneticlineage(belowlowestrankofNCBItaxonomy,whichissubspecies)
(e.g.,serovar,biotype,ecotype)(CABRI)

M M M M M –

•Ploidy(e.g.,allopolyploid,polyploid)(PATO) M

•Numberofreplicons(EU,BA:chromosomes(haploidcount);VI:segments)(integer) M M – M – –

•Extrachromosomalelements(integer) X M

•Estimatedsize(beforesequencing;toapplytoalldraftgenomes)(integer;basepairs) M X X X X –

•Referenceforbiomaterial(primarypublicationifisolatedbeforegenomepublication;
otherwise,primarygenomereport)(PMIDorDOI)

X M X X X X

•Sourcematerialidentifiers:(culturesofmicroorganisms:identifiers(alphanumeric)fortwo
culturecollections(OBI);specimens(e.g.,organellesandEukarya):voucherconditionand
location(CV))

M M M M M M

•Knownpathogenicity M M

•Bioticrelationship(e.g.,free-living,parasite,commensal,symbiont)(OBI) X M X

•Specifichost(e.g.,hosttaxid,unknown,environmental)EnvO X M M M

•Hostspecificityorrange(taxid) X X X M

•Healthordiseasestatusofspecifichostattimeofcollection(e.g.,alive,asymptomatic)PATO M M

•Trophiclevel(e.g.,autotroph,heterotroph)PATO M M – – – –

•Propagation(phage:lyticorlysogenic;plasmid:incompatibilitygroup)(CV) M M M – –

•Encodedtraits(e.g.,plasmid:antibioticresistance;phage:convertinggenes)(CV;seecaption) X M M X

•Relationshiptooxygen(e.g.,aerobic,anaerobic)PATO M – – – –

•Isolationandgrowthconditions(PMIDorDOI) M M M M M M

•Biomaterialtreatment(e.g.,filteringofseawater)(OBI) M

•Volumeofsample(integer) M

•Samplingstrategy(enriched,screened,normalized)(CV) M

continued
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Mostoften,metadataaboutgenomesequencesarefoundonlyinthe
primaryliteratureorinreferenceworks,suchasBergey’sManual14for
bacteriaandarchaea,ratherthaninsequencedatabases.Thedistributed
andpatchynatureofthisinformationandthedifficultiesofcurating
evenafewpiecesofinformationforwhatarenowverylargecollections
ofgenomesmakethevisionofasingledefinitivesourceofrichgenomic
descriptionshighlydesirable.

Theneedforcoordinatedefforts
Facilitatingandacceleratingtheprocessofcollectingrelevantmetadata
wouldclearlyreduceongoingreplicationofeffortsandmaximizethe
abilitytoshareandintegratedatawithinthegenomicscommunity.The
obvioussolutionistodevelopaconsensus-basedapproach.

TheGenomicStandardsConsortium.TheGSCisanopen-member-
ship,internationalworkingbodyformedinSeptember2005(ref.15).
Itsgoalistopromotemechanismsthatstandardizethedescriptionof
genomesandtheexchangeandintegrationofgenomicdata.TheGSC
communitybringstogether(i)evolutionists,ecologists,molecularbiolo-
gistsandotherresearchersanalyzingcollectionsofgenomes,(ii)bio-
informaticiansproducinggenomicdatabases,(iii)thosewhosequence
genomesand(iv)computerscientists,ontologyexpertsandmembers
ofotherstandardizationinitiatives,suchastheInternationalNucleotide
SequenceDatabaseCollaboration(INSDC),whichisresponsiblefor
theDNADataBankofJapan(DDBJ),EuropeanMolecularBiology
Laboratory(EMBL)andGenBankdatabases(http://www.insdc.org/).
TheguidanceofDDBJ,EMBLandGenBankwillbecriticaltothesuccess
oftheGSCinitiative,bothbecausetheyaretheofficialstewardsofthe
publiccollectionofgenomesandbecauseoftheirinterestinfulfilling
communityneeds.

Minimuminformationaboutgenomesandmetagenomes
TheGSCisworkingtodefineasetofcoredescriptorsforgenomes
andmetagenomesintheformofaMIGSspecification(Fig.1).MIGS
extendstheminimuminformationalreadycapturedbytheINSDC.The
MIGSchecklistisgiveninBox1,andthemostup-to-dateversionis

availablefromtheconsortium’swebsite(http://gensc.sf.net).Examples
ofMIGS-compliantreportsaregiveninSupplementaryTable1online.
TheinformationrequiredtocomplywithMIGSisroutinelyincludedin
primarygenomepublications(orisreferencedtherein).However,this
informationneedstobeformalizedandmadeavailableinelectronic
formtoimproveitsaccessibility16(Box2).

Sinceitwasoriginallyproposed16,theMIGSspecificationhasbeen
simplifiedandchangedbytheGSCthroughaniterativerevisionprocess
tocontain(i)onlycuratedinformationthatcannotbecalculatedfrom
rawgenomicsequenceand(ii)coredescriptorsspecifictothemajor
taxonomicgroups(eukaryotes,bacteriaandarchaea17,plasmids,viruses,
organelles)andmetagenomes.MIGSisstructuredasan‘Investigation’
composed of a ‘Study’ and an ‘Assay’, according to the Reporting
StructuresforBiologicalInvestigations(RSBI)workinggroup’srecom-
mendationforthemodularizationofchecklists18,19.Under‘Study’are
thetop-levelconcepts‘Environment’and‘NucleicAcidSequence’and
under‘Assay’isadescriptionofthesequencingtechnology.

MIGSaimstosupportunencumberedaccesstogenomicreagents
(suchasstrains)20,placethecomplete(meta)genomecollectioninto
geospatialandtemporalcontext(latitude,longitude,altitudeordepth,
dateandtimeofsampling)andprovideessentialdetailsoftheexperi-
mentalmethodused(e.g.,sequencingmethod).MIGSalsoprovides
aframeworkforthecaptureofextrainformationdeemed‘minimum’
tospecificcommunities.Mostimportantly,thedescriptionofmetage-
nomesinMIGSisbeingextendedintheminimuminformationabouta
metagenomesequence(MIMS)specification21.MIMSenablesthecap-
tureoffurthermeasurementsthatdefinehabitat(suchastemperature,
salinity,pH,dissolvedorganiccarbon)andextendstheoriginalstructure
ofMIGSfordescribingasingle(meta)genomicexperimenttoallow
thecaptureofinformationfrompooledsamplesandmorethanone
independentsamplingevent(e.g.,samplingalongatransect4).

Howgenomesandmetagenomesaredescribedinpublicdatabaseshas
evolvedfromhowshort,simpleDNAsequencesaredescribed,without
specialattentiontoinformationsuchasthegeographicaloriginofthe
sequence.SignificanteffortsareunderwaybytheINSDCtoadaptand
extendtheinfrastructurefordescribinggenomesthroughtheGenome

Box1MinimumInformationaboutaGenomeSequence(MIGS)checklistversion2.0(continued)
•Assay

•Sequencing

•Nucleicacidpreparation(extractionmethod(CV);amplification(CV) M M M M M M

•Libraryconstruction(librarysize(integer),numberofreadssequenced(integer),vector(CV) M

•Sequencingmethod(e.g.,dideoxysequencing,pyrosequencing,polony)(OBI) M M M M M M

•Assembly(assemblymethod(CV),estimatederrorrate(unit)andmethodofcalculation(CV)) M M M M M M

•Finishingstrategy(status—e.g.,completeordraft(CV),coverage(integer),contigs(integer)) M M X X X X

•RelevantStandardOperatingProcedures(SOPs) M M M M M M

•Relevantelectronicresources M M M M M M
AllproposeddescriptorsinMIGSandthereports(groups)towhichtheyapplyarelisted.EU,eukaryotes;BA,bacteriaandarchaea;PL,plasmid;VI,virus;OR,organelle;ME,metagenome.
Eachdescriptorhassuperscriptsdenotingits‘type’(e.g.,integerorcontrolledvocabulary(CV)term).Foritemsmarked“CV,”candidateOBOontologies(http://obofoundry.org),ifavailable,
havebeenselectedforuse.EnvO,TheEnvironmentOntology;PATO,thePhenotypeandTraitOntology;CABRI,CommonAccesstoBiologicalResourcesandInformation.Mixedontologies
maybeusefulforthe“encodedtraits”descriptor:thePATOterm“resistant”couldbeusedwithaChEBIterm—forexample,“penicillin”—tonoteantibioticresistancetoagivencompound.
Descriptorsinshadedrowsarecommontoallreporttypesandareconsideredthe‘core’ofMIGS.“Sourcematerialidentifier”isanexception;theGSCrecommendsthisbeacoredescriptor,
butasyet,physicalarchivesarenotyetroutinelycreatedforallcasesortypesofbiologicalmaterialsubjectedtogenomesequencing(therecommendeddepositioninatleasttwoculturecol-
lectionsforviablesamples20andvouchersforspecimens).Thisisduetobothculturalandtechnicalissues.Theneedforuniversalanduniqueidentifiersformetagenomicsamplesisanidea
recentlydiscussedinanexploratoryworkshoporganizedbytheMetaFunctionsgroup(http://www.metafunctions.org).Infact,theapplicationofMIGStoourcompletegenomecollectionwill
requirethedesignationofpermanentanduniqueidentifiersforallgenomeprojects,somethingtheINSDCisworkingtoimplement21.Geographiclocationisappliedinprincipletoallreport
types,butwerecognizethatmanyisolates,especiallyeukaryotes,arehighlydomesticatedlaboratoryorganismsdistantlyseparatedfromanenvironmentalcontextofrelevance.Alldescriptors
deemedtobecorearemarked“M”(minimum)andotherswhichcouldbeoptionallyappliedtoothergroupswithhighpriorityaremarked“X”(extra).Taxonomicgroupsforwhichadescriptor
cannotbemeaningfullyappliedaremarkedwithadash.ThislistofminimalinformationisrecognizedbytheGSCasjustastartingpointforthedescriptionofgenomesandmetagenomes.
PMID,PubMedidentifier;DOI,digitalobjectidentifier;float,floating-pointdecimal;UCT,CoordinatedUniversalTime(YYYY-MM-DD);unit,asuitableunitofmeasure.Thedescriptorsisola-
tionandgrowthconditionstakecitationsastheirvaluesbecausetheinformationcannotbecontainedinasinglevalue(orsmallsetofvalues)likethoseofallotherfields.Thiscouldbe
givenasthePMIDorDOIofthepublication.ItcouldalsobeanSOP.Inprinciple,allaspectsofthechecklistcouldbesubstantiatedwithareferenceinadditiontoavalue,andthiswouldbe
capturedatthelevelofimplementation.
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ProjectMetadatainitiative22.TheINSDCeffortsareopentoevolution,
albeitataconservativepace22,anditistheGSC’shopethatmuch,ifnot
all,oftheMIGSspecificationwillbeincludedintheGenomeProject
Metadata initiative.AmappingbetweenINSDCfeaturesandMIGS
hasbeendevelopedforthepurposeofplacingMIGSinformationinto
INSDCdocumentsandisavailableonourwebsite.Anyfieldsthatare
notalreadyformallydefinedbytheINSDCFeatureTableDocument
(http://www.insdc.org/files/documents/feature_table.html)canberep-
resentedwithinastructuredcommentblockinINSDCrecords22.

Agenomecatalog
Thedevelopmentofanychecklistmustbeanopenanditerativeprocess

thatinvolvesabalancedgroupofparticipants.Moreover,mechanisms
forachievingcomplianceareneededtofacilitatewidespreadadoptionof
achecklist.Suchmechanismsinvolveanappropriatereportingstructure
forcapturingandexchangingdata(fileformats),software,databases
andappropriatecontrolledvocabulariesand/orontologiesfordefining
thetermsusedintheannotations.TheGSCisworkingtowardthese
combinedgoalsandhascreatedanonlinesystemforcapturingMIGS-
compliantreports(http://gensc.sf.net).

Inbrief,wehaveimplementedthechecklistasanXMLschemaand
builtafreelyavailableGenomeCataloguesystem(GCat)(http://gensc.
sf.net).GCatisdesignedtogenerateformsautomaticallyand‘onthe
fly’fromthisschemaforthesakeofdatainput.Italsoallowsusersto
viewandsearchgenomedescriptionsastheyaccumulateduringthe
processofrefiningtheMIGSchecklist.TheGCatsystemisgenericand
couldbeappliedtothecaptureofmoreexpressivemetadataforsubsets
ofgenomes.Indeed,itisflexibleenoughtosupporttheimplementa-
tionofanychecklist thatcanbe structuredasanappropriateXML
schema(MIGS.xsd,beingdevelopedintotheGenomicContextualData
MarkupLanguage(GCDML)).TheGSCisalsoworkingintheareaof
controlledvocabularyandontologydevelopmentthroughthecolla-
tionofcontrolledvocabulariesalreadyinuseinthecommunityand
throughcontributionstotheOntologyforBiomedicalInvestigations
(OBI, previously known as the Functional Genomics Investigation
Ontology(FuGO)23)andtheEnvironmentOntology(EnvO)project
(http://environmentontology.org).Asapartofthisprocess,GCatmakes
useofexistingcontrolledvocabularytermsandacceptsnewterms.

Improvinggenomicdatabases
Bydesign,MIGScontainsonlyprimary,curatedinformation.Thisis
becausesecondary,orderived,informationthatcanbecalculatedfrom
agenomesequenceissubjecttofrequentchange,canbegeneratedusing
morethanonemethodandshouldbeacquireddirectlyfromthosepro-
ducingthecalculations.Still,accesstocomputedinformation(e.g.,in
thesimplestcases,G+Ccontentortotalnumberofpredictedproteins)
shouldbemadeaseasyaspossible.

Genomicsequencesandtheirinitialannotationsmustbesubmitted
totheINSDC(http://www.insdc.org/)(andsubsequenthigh-quality,
curatedannotationsderivedfromempiricalobservationstotheThird
PartyAnnotationdataset24),butthereareaneverincreasingnumberof
genomicdatabasescontainingawiderangeofadditionalcomputations.
AlthoughGSCdoesnotendorseanyparticularmethodofanalysisor
database,itsupportsincreasedtransparencyofsuchresourcesforthe
sakeofaccuratedatainterpretationandintegration.

Thefirstissueisthatofexchangingcalculatedinformation.Thiscould
befacilitatedinpartbywidespreadadoptionofacommonexchange
format,suchastheGenericFeatureFormatVersion3(GFF3)filefor-
mat(http://song.sourceforge.net/gff3.shtml).Therearemanytoolsthat
supportthereformattingofavarietyoffiletypesintoGFF3,sodata-
baseproviderswouldfinditstraightforwardtogenerateappropriate
files.Theavailabilityofawidesuiteoftoolsfordownstreamanalyses
offilesinGFF3formatalsomeansthatuserscouldcombinetheweight
ofevidencefrommanysourceswhenexaminingaparticulargenome.
Thiscouldrevealinstancesofsystemicbiasandthereforeleadtobetter
genomicannotations,asmorecompositefeatureswouldbeavailableand
conflictingannotationscouldbehighlightedforresolution.

Exchangingdataalsoreliesoncommonstandardsforcomputational
analyses,andsupportingdatadownloadsisnotenough,regardlessof
format.Dataresourcesshouldalsobeexpected,withinreason,toprovide
clearspecificationsforhowthedataaregenerated(forexample,standard
operatingprocedures(SOPs)thatdescribecomputationssuchasgene
predictionandoperonandorthologidentification).Oneexampleofthis

Figure1ThescopeofMIGS.TheMIGSspecificationenablesdescription
ofthecompleterangeofpossiblegenomes(eukaryotes,bacteria,archaea,
plasmids,viruses,organelles)andmetagenomes.Coredescriptorsinclude
informationabouttheoriginsofthenucleicacidsequence(genome),
itsenvironment(latitudeandlongitude,dateandtimeofsamplingand
habitat)andsequenceprocessing(sequencingandassemblymethods).
MIGS-compliantreportscanberenderedintoanelectronicformatusingthe
MIGSXMLschemaandcontrolledvocabulariesthroughtheGSC’sGenome
Catalogue(http://gensc.sf.net).

Nucleic acid sequence

Plasmids
Bacteria and

archaea

Organelles Eukaryotes

Viruses Metagenomes

MIGS-compliant reports

Environment
(geographic location and habitat)

Sequencing
(sequencing methodology and assembly)
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typeofdocumentationisprovidedinAboutIMG,aweb-baseddescrip-
tionoftheIntegratedMicrobialGenomes(IMG)system25.

Inthefutureitshouldbefarsimplertocombinevariousgenomic
features,exactdetailsofhowtheyweregeneratedandenoughinforma-
tionabouttheprovenance(origin)oftheanalysestobeabletotranspar-
entlysharedatafromdifferentsources.Suchinteroperability,especially
whenprovidedbyparticipatingdatabasesinawaythatwouldenable
automaticharvestingofthedata(e.g.,throughwebservicetechnol-
ogy),wouldmultiplytheindividualvalueofthesedatabasesmanytimes
overandopenupnewopportunitiestoexaminegenomesequencesin
unprecedenteddetail.

Futuredirections
Theeffortrequiredtoachievethedegreeoftransparencyadvocatedhere
isconsiderablebutofferssubstantialandimmediatebenefits.Weargue

thatthecostofachievingsuchstandardizationistrivialcomparedwiththe
sumsspentgeneratingthedata.ThecaptureofMIGS-compliantinfor-
mationwillnotonlyfacilitatecomparativegenomicandmetagenomic
analysesbutalsoenhancetheavailabledescriptionsofdownstream
‘-omic’experimentsbasedongenomicdata.Itwillalsoenhancethe
muchlarger‘halos’of16SribosomalRNAsequencesthatarenowavail-
ableformanysequencedgenomesandmetagenomes.Forexample,the
genomesequenceof themarinebacteriumSilicibacterpomeroyi26 is
‘embedded’inalargenumberofenvironmental16SrRNAsequences
affiliatedwiththeRoseobacterlineage,whichisaccompaniedbyafairly
extensiveliteraturedescribingthedistribution,ecologyandotherprop-
ertiesofthisgroup27.

Throughitsongoingefforts,theGSChopestostimulatediscussion
oftheMIGSspecificationandsolicitfurtherfeedbackfromthecom-
munity.Itthereforehasanopencallforparticipationandiseagerto

Box2FrequentlyaskedquestionsaboutMIGS

BelowweanswergeneralquestionsaboutMIGS,itsdevelopmentandhowtouseit.
WhatisMIGS?
•MIGSspecifiesaformalwaytodescribegenomesandmetagenomesinmoredetailthaniscapturedatpresentinDDBJ,EMBLand
GenBankdocuments.
•TheinformationinMIGSisintendedtobeusedincomparativegenomicanalysis,provideabetterunderstandingofthesourceofeach
genomeandenableustosituategenomesandmetagenomesintheirgeospatialandtemporalcontexts(whenrelevant)throughthe
specificationofgeographiclocationandsamplingdate.

DoallgenomesandmetagenomesfallunderthescopeofMIGS?
•Yes.MIGShaselementsdescribingeukaryotic,bacterialandarchaeal,plasmid,viralandorganellargenomesaswellasmetagenomes.
Someofthecoreelementsoverlapbetweentypesofrecords,andsomeareuniquetooneormoregroups.

WhohasdriventhedevelopmentofMIGS?
•MIGShasbeendevelopedthroughaseriesofGSCworkshopsinvolvingparticipantsfromDDBJ,EMBL,theUSNationalCenterfor
BiotechnologyInformation(NCBI),EuropeanBioinformaticsInstitute(EBI),JointGenomeInstitute(JGI),SangerInstitute,J.Craig
VenterInstitute(JCVI,formerlyTIGR),MaxPlanckInstitute,theCommunityCyberinfrastructureforAdvancedMarineMicrobial
EcologyResearchandAnalysis(CAMERA)projectandavarietyofotherresearchinstitutions.

WhoshouldcompleteaMIGSreport?
•AuthorsofgenomeandmetagenomepublicationsshouldsubmitareportaftersubmittingprojectinformationtoDDBJ,EMBLor
Genbank.

IsMIGSverytime-consumingtocomplete?
•MIGSisashortspecificationcomparedwithmostother‘-omic’checklists(seehttp://mibbi.sf.net)forthreereasons:
•MIGSisanextensionofthedataalreadycapturedbyDBBJ,EMBLandGenbanktodescribegenomesandmetagenomesandis
designedtobecomplementarytotheseauthoritativesourcesofmetadata.TheINSDCgenomeprojectdatabasewillcontainessential
administrativeinformation,taxonomyidentifiers(taxids)andagenomeprojectidentifier(PID).
•MIGSwasintentionallydesignedtobe‘minimal’toencourageitsadoption.
•Genomicsequences,unliketranscriptomes,proteomesormetabolomes,are‘stateindependent’(agenomesequenceisstablewith
respecttocellularstateandenvironmentalfactors).Incontrast,metagenomicexperimentsdependonthesamplingstrategyandthe
specifichabitatofagivenmicrobialcommunity,requiringafurtherspecification(MIMS)todefinehabitatparameterssuchassalinity,
pHandtemperature.

HowcanIgetauniqueidentifierformysubmissionforuseinmypublication?
•TheGenomesOnlineDatabase(http://www.genomesonline.org)istherecognizedauthorityforissuingGCatidentifiersforeukaryotes,
bacteriaandarchaeaandmetagenomes.TheGenomeCatalogue(GCat)willissueidentifiersforothergenomes.

CanIsubmitMIGS-compliantinformationonline?
•Yes.TheGSChasdevelopedaportalcalledthe‘GenomeCatalogue’thathasbeenusefulinprototypingtheMIGSspecification.MIGS-
compliantinformationcanbesubmittedthroughuser-friendlywebformswithdrop-downmenusfortheselectionofappropriateterms;
batchuploadingfunctionsarebeingdeveloped(http://gensc.sf.net).

Aresamplereportsavailable?
•Yes,theGenomeCataloguecontainsacollectionofMIGS-compliantreports.ExamplesaregiveninSupplementaryTable1.

HowwouldIreporttheexistenceofMIGS-compliantdatainmypublication?
•MIGS-compliantinformationcouldbereportedasasupplementarytableinapublication.Farmorebeneficialtothewidercommunity
wouldbetosubmitthisinformationtotheGenomeCatalogueandreporttheGCatidentifierandtheURLofthisdatabase.

HowcanIgetinvolvedintheGSCandprovidefeedbackforthedevelopmentofMIGS?
•TheGSChasanopencallforparticipation.Furtherinformationcanbefoundathttp://gensc.sf.net.
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solicitMIGS-compliantgenomereports(includingbatchuploads)and
collectrelevantcontrolledvocabularytermsusefulinthedescriptionof
genomesandmetagenomes.GCatidentifiershavebeenimplemented
and are available for past or future projects, and MIGS-compliant
genomereportsarestartingtobecomeavailableonline(e.g.,refs.28–31).
WeexpectaproductionversionofMIGS(2.0)tobereleasedbyearly
2008withanappropriatesetoftermsformalizedwithinOBI19andother
relevantOpenBiomedicalOntology(http://obofoundry.org/)ontolo-
gies.Wewouldhopethatthismilestone(releaseofMIGS2.0)willbe
accompaniedbyrecognitionbyjournalsandimplementationbyavari-
etyofdatabases.Beyondthis,theMIGSspecificationshouldstillremain
flexibleenoughtoallowittoberevisedinaccordancewithadvances
intechnologyandourbiologicalknowledge.Itshouldalsobeconsid-
eredforuseincombinationwithotherchecklistsinthecontextofthe
MinimumInformationaboutaBiomedicalorBiologicalInvestigation
(MIBBI)Foundry(http://mibbi.sf.net),ofwhichtheGSCisafounding
community19.Themostup-to-dateinformationaboutGSCactivitiesis
availableatourwebsite(http://gensc.sf.net).

Note:SupplementaryinformationisavailableontheNatureBiotechnologywebsite.
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Supplementary Table 1.  Three example MIGS-compliant reports - a bacterial 

genome, a metagenome, and a giant virus.  Modified screenshots taken from the 

Genome Catalogue (http://gensc.sf.net).  Read-only information is imported from 

the NBCI Genome Projects Database and the Genomes Online Database 

(http://www.genomesonline.org) database to place each record into context.   Values 

are only given for fields in MIGS marked as “minimal” (M – or mandatory) 

although more information may be available on line. 

 

MIGS-compliant Report: Example 1 a “Bacterial genome” 

-> genome catalogue 

gcat identifier 000022_GCAT 

genome report title Rhodopirellula (Pirellula) baltica (sp.) 

->NCBI Genome Projects Database  

taxonomic group Bacteria 

genome project id 413 

taxid 243090 

accession NC_005027 

relevance 
Environmentally relevant heterotrophic marine 

degrader 

ncbi organism name Rhodopirellula baltica SH 1 

ncbi status complete 

->Genomes Online Database  

gold stamp Gc00141 

publication PMID:12835416 

migs 

->Investigation 

->->Study 

Nucleic Acid ("organism") 

subspecific genetic lineage none reported  

number of replicons 1 

source material identifiers 

collection 
Deutsche Sammlung von Mikroorganismen und 

Zellkulturen 

http://gensc.sf.net/
http://darwin.nox.ac.uk/gsc/gcat/element/11_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/1_xid/1
http://darwin.nox.ac.uk/gsc/gcat/report/000022_GCAT/html
http://darwin.nox.ac.uk/gsc/gcat/element/2_xid/1
http://darwin.zoology.gla.ac.uk/~rpage/ispecies/?q=Rhodopirellula+(Pirellula)+baltica+(sp.)
http://darwin.nox.ac.uk/gsc/gcat/element/3_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/4_xid/1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=genomeprj&cmd=Retrieve&dopt=Overview&list_uids=413
http://darwin.nox.ac.uk/gsc/gcat/element/5_xid/1
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=243090
http://darwin.nox.ac.uk/gsc/gcat/element/6_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/7_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/8_xid/1
http://darwin.zoology.gla.ac.uk/~rpage/ispecies/?q=Rhodopirellula+baltica+SH+1
http://darwin.nox.ac.uk/gsc/gcat/element/9_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/10_xid/1
http://genomesonline.org/GOLD_CARDS/Gc00141.html
http://darwin.nox.ac.uk/gsc/gcat/element/10_xid/1
http://
http://darwin.nox.ac.uk/gsc/gcat/element/158_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/157_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/54_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/30_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/12_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/14_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/20_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/18_xid/1


source material identifier DSM 10527(T) 

trophic level heterotroph (consumer) 

phenotype 

relationship to oxygen  aerobe 

environment 

geographical location 

latitude 54° 50’ North  

longitude 10° 30’ East  

depth or altitude 1 metres 

time of sample collection  1990-01-01 

habitat type marine 

Assay 

sample processing 

Isolation and Growth 

conditions  

Schlesner, H. (1994) Syst. Appl. Microbiol. 17:, 

135-145. 

Nucleic acid preparation  

nucleic acid extraction 

method 

 

dna amplification method  

sequencing method dideoxysequencing 

data processing 

assembly 

assembly method phrap and manually finished by using gap4 

estimated error rate 1 error within 10,000 bases 

method of calculation  estimation from phred quality scores  

finishing 

finishing strategy complete 

fold coverage 8x 

number of contigs 1 

 

http://darwin.nox.ac.uk/gsc/gcat/element/19_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/28_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/34_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/31_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/53_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/48_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/40_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/46_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/47_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/50_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/52_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/76_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/66_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/60_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/60_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/60_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/58_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/58_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/59_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/65_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/75_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/69_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/67_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/68_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/68_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/67_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/73_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/70_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/71_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/72_xid/1


 



MIGS-compliant report: Example 2 “A Metagenome” 

-> genome catalogue 

gcat identifier 000005_GCAT 

genome report title Marine Phages SAR 

->NCBI Genome Projects Database  

taxonomic group Metagenome, Virus 

genome project id 17771 

accession ?? 

relevance Marine viromes 

->Genomes Online Database  

gold stamp Gm00063 

publication PMID:17090214 

migs 

->Investigation 

->->Study 

Nucleic Acid ("organism") 

source material identifiers 

collection Sample exhausted 

source material 

identifier 

Sample exhausted 

environment 

geographical location 

latitude 32° 10' N  

longitude 64° 30' W 

depth or altitude 80 metres 

time of sample 

collection  

2005-06-30 

habitat type marine 

Assay 

sample processing 

http://darwin.nox.ac.uk/gsc/gcat/element/11_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/1_xid/1
http://darwin.nox.ac.uk/gsc/gcat/report/000005_GCAT/html
http://darwin.nox.ac.uk/gsc/gcat/element/2_xid/1
http://darwin.zoology.gla.ac.uk/~rpage/ispecies/?q=Marine+Phages+SAR
http://darwin.nox.ac.uk/gsc/gcat/element/3_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/4_xid/1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=genomeprj&cmd=Retrieve&dopt=Overview&list_uids=17771
http://darwin.nox.ac.uk/gsc/gcat/element/6_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/7_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/10_xid/1
http://genomesonline.org/GOLD_CARDS/Gm00063.html
http://darwin.nox.ac.uk/gsc/gcat/element/10_xid/1
http://
http://darwin.nox.ac.uk/gsc/gcat/element/158_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/157_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/54_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/30_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/20_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/18_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/19_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/19_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/53_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/48_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/40_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/46_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/47_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/50_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/50_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/52_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/76_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/66_xid/1


Isolation and Growth 

conditions  

PMID:17090214 

BioMaterialTreatment 

0.22 μm Sterivex cartridge filters to remove any 
microbial 

contaminants 

Volume of sample 150 litres 

Sampling strategy enriched 

Nucleic acid preparation  

nucleic acid extraction 

method 

formaldehyde /CTAB extraction 

dna amplification 

method 

GenomiPhi 

Library Construction 

Library Size Not applicable 

Number of clones 

sequenced 

42 Mb 

vector Not applicable 

sequencing method pyrosequencing 

data processing 

assembly 

assembly method TIGR ASSEMBLER 

estimated error rate 
less than 1 incorrect base in 1,000 reads of average 

length 102 bp 

method of calculation  

Since none of the marine virome sequences were 

known, the random error rate can not be directly 

determined from the data. Estimate serves for 

pyrosequencing in general at time of sequencing. 

 
 

 

http://darwin.nox.ac.uk/gsc/gcat/element/60_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/60_xid/1
http://
http://darwin.nox.ac.uk/gsc/gcat/element/66_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/60_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/58_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/58_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/59_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/59_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/65_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/75_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/69_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/67_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/68_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/67_xid/1


A MIGS-compliant report: Example 3 a “Giant Viral genome” 

-> genome catalogue 

gcat identifier 000026_GCAT 

genome report title Emiliania huxleyi Virus 86 

publication PMID:12209309 

->NCBI Genome Projects Database  

taxonomic group Virus  

taxid 181082 

accession AJ890364 

relevance Giant algal virus 

ncbi organism name Emiliania huxleyi virus 86 

ncbi status complete 

migs 

->Investigation 

->->Study 

Nucleic Acid ("organism") 

subspecific genetic lineage none reported  

number of replicons 1 

source material identifiers 

collection Plymouth Virus Collection 

source material identifier EhV-86 

specific host (taxid) 280463 

host specificity and range (taxid) 2903 

Health/disease status of specific 

host at time of collection 

Crashed; Virus isolated from a crashed 

Emiliania huxleyi bloom 

normally pathogenic or not lytic 

phenotype 

propogation lytic 

encoded traits phosphate permease 

http://darwin.nox.ac.uk/gsc/gcat/element/11_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/1_xid/1
http://darwin.nox.ac.uk/gsc/gcat/report/000026_GCAT/html
http://darwin.nox.ac.uk/gsc/gcat/element/2_xid/1
http://darwin.zoology.gla.ac.uk/~rpage/ispecies/?q=Emiliania+huxleyi+Virus+86
http://darwin.nox.ac.uk/gsc/gcat/element/2_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/3_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/5_xid/1
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=181082
http://darwin.nox.ac.uk/gsc/gcat/element/6_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/7_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/8_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/9_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/158_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/157_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/54_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/30_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/12_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/14_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/20_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/18_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/19_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/19_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/19_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/19_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/19_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/19_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/34_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/19_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/19_xid/1


encoded traits RNA polymerase 

encoded traits DNA polymerase 

encoded traits Sphingolipid biosynthesis 

environment 

geographical location 

latitude 50° 13.79’ N 

longitude 4° 9.59’ W  

depth or altitude 15 metres 

time of sample collection  1999-07-27 

habitat type marine 

Assay 

sample processing 

Isolation and Growth conditions  PMID: 12209309 

Nucleic acid preparation  

nucleic acid extraction method Phenol/Chloroform 

dna amplification method Not applied 

sequencing method dideoxysequencing 

data processing 

assembly 

assembly method phrap 

estimated error rate 1 error within 10,000 bases 

method of calculation  estimation from phred quality scores  

 
 

 

http://darwin.nox.ac.uk/gsc/gcat/element/19_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/19_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/19_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/53_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/48_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/40_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/46_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/47_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/50_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/52_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/76_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/66_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/60_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/60_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/58_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/59_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/65_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/75_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/69_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/67_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/68_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/68_xid/1
http://darwin.nox.ac.uk/gsc/gcat/element/67_xid/1
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