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Abstract暋StandardFISH protocolsusingfluorochrome灢labeledoligonucleotide
probeshavebeensuccessfullyappliedforinsitudetection.However,optimized
protocolsofFISHforspecificeukaryotesinmarineenvironmentsareoftennot
developed.Thisstudyoptimizedtheconditionsoffluorescenceinsituhybridiza灢
tion(FISH)byusingtwopolarisolated microalgae.Themodifiedconditions
wereasfollows:(1)10mg·mL-1lysozymesolutionpretreatmentat37曘Cfor
30min;(2)thehybridizationbufferincluding20%formamide;(3)thehybrid灢
izationconditionwas47曘Cfor6h.ThecellsenumeratedbyFISHwerecompared
withthoseenumeratedbyflowcytometry(FCM)andDAPItoconfirmthecell
lossandhybridizationefficiency.Theoptimizedprotocolwasalsosuccessfullyap灢
pliedto Arctic Oceansamples,which werefoundtobedominatedby Mi灢
cromonassp.Themodifiedprotocolshowedahighrelativeefficiencyandcould
besuccessfullyappliedforthedetectionofspecificmicrobialeukaryotesinenvi灢
ronmentalsamples.
Keywords暋Fluorescenceinsituhybridization(FISH),Chlorellavulgarisstrain
Lw2008/02,Micromonassp.strainCCMP2099.
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1暋Introduction

Fluorescenceinsituhybridization (FISH)isapowerfultechniquethatallows
theinsitudetectionofspecificnucleicacidsequences(RNAandDNA).FISHem灢
ploysfluorochrome灢labeledRNA (DNA)oligonucleotideprobestargetedatspecific
regionssuchasthe16SrDNAofprokaryotesor18SrDNAofeukaryotesinenviron灢
mentalsamplesinsitu.Duringthelastdecade,manyattemptshavebeenmadeto
developandoptimizeFISHprotocols,especiallyforprokaryotes[1灢3],andthesemeth灢
odshavebeenappliedtodifferentspecifiedpopulationsandcomplexenvironmental



samples.Forexample,aspecificFISHtechniquewasusedforlocalizationandidenti灢
ficationofsoilmicrobialdiversity[4].Byconstructingcatalyzedreporterdeposition灢
fluorescenceinsituhybridization,substantialincreasesinsignalsensitivityhavebeen
availabletoaccesstheinsideofthecatedinoflagellatecellsandbacterialcellsinaquat灢
icecosystems[5].Inaddition,rapidandeffectiveFISHprotocolshavebeendeveloped
tostudyBacillussporesusinginsitulabelingwithin1h[2].However,fewoptimized
protocolsforFISHhavebeendevelopedandappliedtoquantifypicoeukaryotesofin灢
terestinenvironmentalsamples.

Picoeukaryotes(<3毺m)representcomponentofmajorimportanceintermsof
contributiontobothbiomassandprimaryproductivityinvariousaquaticsystems[6灢7].
However,itisnecessarytoquantifythedominantphylogeneticgroupsofpicoeu灢
karyotesinthenaturalenvironmenttounderstandtheircontributiontothemicrobial
foodwebandbiogeochemicalcycles[8].Duetotheirsmallsizeandsimplemorpholo灢
gy,oligonucleotideprobesdesignedtotargetthesespecifictaxawereparticularlyfa灢
vorable.TheFISHtechniquehasproventobeusefulforestimationoftheabundance
ofpicoeukaryotesinnaturalcommunities[8灢9].Previousstudieshavefocusedonesti灢
mationoftheabundanceofspecifiedpicoeukaryotesratherthanmodificationofthe
FISHprotocolitself.BothBiegalaetal.(2002)[10]andNotetal.(2002)[11]de灢
scribedtheTSA灢FISHprocedureandassessednaturalsamplessuccessfully,butthey
didnotconsiderthesignal灢to灢backgroundratioorthehybridizationefficiency.Biegala
etal.(2003)[8]combinedFCM withfluorescencemicroscopytoquantifyenviron灢
mentalpicoeukaryotes,buttheyemphasizedsampleenumerationratherthanFISH
efficiency.ThislackofmethodsandstudiesforoptimizingFISHforsomepico灢sized
eukaryotepopulationshaslikelyledtosignificanterrorsduringinvestigations.Ac灢
cordingly,targetingimprovedefficiencyoftheuseofFISHforstudiesofsuchorgan灢
ismsisnecessary.

SinceFISHprocedureshavebeendescribedinpreviousstudies[8,10灢11],thepres灢
entstudyfocusedonoptimizingkeyhybridizationstepsandfactors,especiallysignal
intensityandthehybridizedefficiency.Aneffectivelaboratoryprotocolthathasthe
potentialforapplicationtothequantitativeassessmentofpolarenvironmentalpicoeu灢
karyoteswasthendeveloped.Specifically,weemployedtheoptimizedFISHproce灢
duresdevelopedhereinusingrDNA灢targetedprobesforthedetectionoftwolabcoc灢
coidgreenalgaeisolatedfrompolarregions.Thefluorescenceintensityandhybrid灢
izationefficiencyprimarilydependonsampleprocessingandtheFISHconditionsap灢
plied,suchasthepermeabilizingreagentused,hybridizationtemperatureandtime,
probeconcentration,andformamideconcentration[3,11灢13];therefore,weoptimized
thesekeyinfluencingfactors.BoththefluorescencesignalintensityandtheFISHef灢
ficiencyweretakenintoaccountinthisstudy.

2暋Materialandmethods

2.1暋Culturesandstrains

ChlorellavulgarisstrainLw2008/02wasisolatedfromglacialwaterinthelater
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summerof2006in Kongsfjorden (79曘N,12曘E)[14].Micromonassp.strainCC灢
MP2099isatiny (1—2毺m)greenalgawithapear灢shapednakedcellbodythat
swimswithasingleflagellumandiscommonlyisolatedfromArcticwaters(https://
ccmp.bigelow.org/).ThealgaewereculturedattheKeyLaboratoryforPolarSci灢
enceofStateOceanicAdministration(SOA)atthePolarResearchInstituteofChina.
AlgalgrowthmediumBourelley[15]wasusedforChlorellavulgarisstrainLw2008/
02.Theculturesweregrownin150mLflasksat(6暲0.5)曘Cundera12:12hLight:
Darkregime.Lightwasprovidedbyfluorescentbulbsatanirradianceof5000mol·
m-2·s-1.MediumL1(https://ccmp.bigelow.org/)wasusedforMicromonassp.
strainCCMP2099,andtheculturewasgrownin150mLflasksat4曘Cundera12:12
hLight:Darkregime.Lightwasprovidedbyfluorescentbulbsatanirradianceof
2000mol·m-2·s-1.

2.2暋Cellcollectionandfixation

Exponentialphasealgalcellswerecollectedfromsuspensioncultures.Toesti灢
matecelllossesduetoleachingandhybridization,cellswerecountedbeforeandafter
hybridization.Priortohybridization,theconcentrationsofChlorellavulgariscells
weredeterminedbyFCM (FlowCytometry,BeckmanCoulterQuanta,SC,USA)
andDAPIstaining,separately.TheprocessofFCMcountingwasasfollows:1.5
mLsamplecellswerefixedwithparaformaldehydeatafinalconcentrationof2%for
1hatroomtemperature,afterwhichthesamplesweredilutedinPBSsolutionand
mixedwell.Dataacquisitionwasconductedatastrictrangeofflowrates(100—500)
for1to3 mindependingontheconcentrationofthetargetpopulation.Theflow
speedwas4.67毺m·min-1.ThefirsttriggerparameterwascontrolledatFL3(670
longpass),whilethesecondparameterwascontrolledatSS (side灢anglescatter
height).

AfterFCM,theremaining1mLofChlorellavulgariscellswereconcentrated
bycentrifugation(Eppendorf,Germany)at9000暳gforthreeminatroomtempera灢
ture.Thecellpelletwasthenresuspendedin1mLofphosphate灢bufferedsaline(1暳
PBSsolutionatpH7.4)andincubatedfor5minatroomtemperature.Thecells
werethenconcentratedbytwosuccessivecentrifugationsteps(9000暳gfor3minat
roomtemperature).Theconcentratedcellswerethenaddedto1mLofMilliQwa灢
ter,afterwhichthesamplesweresuccessivelytrappedonto25mmdiameter,0.2
毺m灢pore灢sizenucleoporeblackmembranefilters(Whatman).Finally,thesamples
werestoredat-20曘Cuntilthefurtherprocessing.

2.3暋Probelabeling

Theoligonucleotideprobes,EUK1209R,EUK528andPRAS02,coupledwith
Cy3dye wereusedinthisstudy (Table1).Theuniversaleukaryoticprobes
EUK1209RandEUK528wereadaptedfrom Limetal.(1993)[16]andZhuetal.
(2005)[17],respectively.PRAS02isaspecificprobethattargetstheorderMamiel灢
lales (Chlorophyta,Prasinophyceae),which wasadaptedfrom Biegalaetal.
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(2003)[8].Inthepresentstudy,EUK1209RandEUK528targetedbotheukaryotic
algae,whilePRAS02wasspecifictoMicromonassp.strainCCMP2099.Pre灢testsof
thesespecifiedprobeswiththeclonelibrariesofmicrobialeukaryotesisolatedfrom
theArcticwereconductedaswell[18].

Table.1暋Oligonucleotideprobesusedinthisstudy
Probe Specificity Sequence(5曚—3曚)ofprobes Targetsite Tm(曘C)b Reference

EUK1209R Eukaryote GGGCATCACAGACCTG 1195—1211 27.1 Limetal.(1993)

EUK528 Eukaryote CCGCGGTAATTCCAGCTC 18S_nucl 58 Zhuetal.(2005)

PRAS02 Mamiellales CCCGTCCCGAGACCAACG 651—69 37 Biegalaetal.(2003)

2.4暋Permeabilizationofcellsforoptimization

ChlorellavulgarisstrainLw2008/02targetedbyEUK1209R wasusedinthe
followingtests.Threedifferentenzymaticpre灢treatmentprotocolsweretestedbefore
hybridization:(a)thefixedcellswerepermeabilizedusinglysozyme[10mg·mL-1

in0.05MEDTA,pH8.0;0.1M Tris灢HCl,pH8.0]for30minat37曘C;(b)the
fixedcellswerepermeabilizedasabovefor60minat37曘C;(c)thecellswerefixed
withoutpermeabilization.Inaddition,thecellpermeabilizationconditionswereeval灢
uatedbyfluorescentmicroscopy.

2.5暋TheprocedureandoptimizedconditionsforFISH

Followingdehydrationbysequential3minwashesin50%,80%and96%etha灢
nol,andthenairdried.Thesampleswerethenstoredat4曘Cinthedarkuntilfurther
experimentswereconducted.

ForthefluorescentdyeCY3,whichisredunder550—570nm,itwasnecessary
todeterminewhetherautofluorescencewasremovedbeforehybridization.Toaccom灢
plishthis,wecomparedsamplestopositiveprobesignals.Toestimatethecellloss
duetohybridization,thecellswerecounterstainedwithDAPIandcomparedtothe
resultsobtainedfollowingFISH.DAPIstainingwasconductedasfollows:10毺l5毺g
·mL-1 DAPI(Sigma灢Aldrich)wasaddedtothesamples,whichwerethenincuba灢
tedfor15mininthedarkatroomtemperature.Thefilterswerethenrinsedtwicein
5mLsterileH2Ofor1minanddried,afterwhichtheywereobservedbyfluorescent
microscopy[19].

Duringthehybridizationreaction,thefollowinghybridizationprotocolswere
employed:(a)tooptimizetheformamideconcentration,20%,30%and40%con灢
centrationswereemployed[11];(b)tooptimizethesignalintensityandhybridization
efficiency,threehybridizationtimeswereemployed,2.5h,4hand6hat47曘C.The
procedureofhybridizationasfollows:20毺Lhybridizationbuffer[0.9M NaCl,20
mMTris灢HCl(pH8.0),0.35mMsodiumdodecylsulfate(SDS),0.1mg·mL-1of
poly(A),0.2mg·mL-1ofbovineserumalbumin(BSA)and20%,30% or40%
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formamide]wasprewarmedat37曘Cfor30min,afterwhichitwasmixedwith5毺L
blockingreagent.Next,2毺L(1毺m)probewasaddedtothebuffer,andhybridiza灢
tionwasconducted.

Followinghybridization,non灢hybridizedprobeswerewashedbyrinsingfor30
mininfreshlypreparedbuffer[20mMTris灢HCl,6.3mMEDTA,0.35mMSDS,56
to225mM NaCl(dependingontheformamideconcentration)]thathadbeenpre灢
warmedat37曘C.ThefilterswerethenwashedtwicewithexcessMilliQ waterand
96%ethanolfor3 mineach.Finally,thefilterswerecompletelyairdriedinthe
darknessandthencounterstainedwithDAPI.

2.6暋Microscopicobservationanddataanalyses

Cellswereallobservedbyfluorescentmicroscopy(NikonEclipse80iconnected
toasystemforpictureacaptureDigitalCameraDxm1200f)underthe1000暳oilim灢
mersionobjective.Theautofluorescenceofnon灢hybridizedcellswasobservedundera
450—490nmfilter(green),whichshowedlightgreenfluorescenceiftherewasno
autofluorescenceandredfluorescenceinthecaseofautofluorescence.Followinghy灢
bridization,thesampleswerevisualizedunderexcitation/emissionfiltersof360/420
nmforDAPI(blue)and550/570nmforCY3(red).Foreachsample,cellsin20
randomlyselectedmicroscopicfieldswerecountedandtheconcentrationwasthende灢
terminedasfollows:cells·mL-1= (theaveragecellsofeachfield/thevolumeof
samplestrappedontofilters)暳 (theareaofthefilters/theareaofthefield).Allda灢
tawerestatisticallyanalyzedbySPSS17.0 (Analyze/CompareMeans/One灢Way
ANOVA).A multiplecomparisonstablecontainingtheconfidenceintervals,the
meandifferenceissignificantatthe0.05level.

2.7暋Applicationtoenvironmentalsamples

EnvironmentalsampleswerecollectedduringtheThirdChineseScientificExpe灢
ditionoftheArcticOcean.Thesamplesweretreatedwithafinalconcentrationof
2%paraformaldehydeasdescribedabove,afterwhichtheywerepassedthrougha50
毺m meshprefilterandthentrappedonto25mmdiameter,0.2毺mporesizenucleo灢
poremembranefilters(Whatman).Thefilterswerethenstoredat-80曘Cuntilpro灢
cessing.TheenvironmentalsampleB84灢0m,whichwasusedinthisstudy,wascol灢
lectedat83曘59.91曚N,144曘16.50曚W.

3暋Results

暋暋ChlorellavulgarisstrainLw2008/02targetingbyEUK1209Rwasmodifiedby
alteringthepermeabilization,formamideconcentration,hybridizationtimeandtem灢
peratureandamountofprobes.Exceptthatspecificationofthreeprobesweresetfor
twodifferentcoccoidgreenalgae.

Beforehybridization,theautofluorescencewasexaminedbyfluorescentmicros灢
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copy.AsshowninFig.1 (A.E.I.),thefluorescenceofChlorellavulgariswas
successfullyremovedbeforeeachtest.Permeabilizationtreatmentconductedunder
threedifferentconditionsrevealedthat10mg·mL-1lysozymefor30minhelped
maintainthemorphologyoftheChlorellacellsandcausedasignificantreductionin
backgroundsignal(Fig.1.B),while60minoflysozymeincubationcausedslight
celldissolution(Fig.1.C).Additionally,cellsthatwerenotsubjectedtolysozyme
treatmentshowedlowhybridizationefficiency(Fig.1.D),while2毺L(1毺m)ofly灢
sozymewith20毺Lhybridizationbufferproducedtheoptimalresults.

Fig.1暋FISHstainingofChlorellavulgaris(Lw2008/02)underdifferentcondi灢
tionsincluding:(1)differentpermeabilizationconditions;(2)different
formamideconcentration;(3)differenthybridizationtimesandtempera灢
tures.Beforeeachconditionwasset,theautofluorescencewasexam灢
ined.(A)autofluorescencebeforepermeabilization;(B)afterenzyme
treatmentfor30min;(C)afterenzymetreatment60min;(D)without
enzymetreatment;(E)autofluorescencebeforetheformamideconcen灢
trationwasset;(F)after20% formamidetreatment;(G)30% for灢
mamidetreatment;(H)40% formamidetreatment;(I)autofluores灢
cencebeforehybridizationtimeandtemperaturewereset;(J)hybridiza灢
tionfor2.5hat47曘C;(K)hybridizationfor4hat47曘C;(L)hybridiza灢
tionfor6hat47曘C.

暋暋Threedifferentconcentrationsofformamide(20%,30%and40%)werealsoe灢
valuated.Theresultsrevealedthat20%formamidewasidealforspecifichybridiza灢
tionandmaintainingalowbackgroundsignal,while30%and40%formamideresul灢
tedinastrongbackgroundsignal(Fig.1.F灢H).Satisfactorysignalintensityandhy灢
bridizationefficiencywereobservedafterincubationat47曘Cfor6h(Fig.1.J灢L).
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Followinghybridization,thehybridizedcellswerecounterstainedwithDAPI.
Microscopicanalysisunderthesamevisualfieldrevealedthatmostofthecellswere
successfullyhybridized(Fig.2.A灢B).Toassessthecelllossandhybridizationeffi灢
ciency,FISHcountswerecomparedwiththoseobtainedafterFCMandDAPIstai灢
ning(Fig.3).Thecountswerefoundtodiffersignificantlyamonggroups(df=3,p
=0.002).Specifically,FCMresultedinanaverageconcentrationof2.186暳106cells
·mL-1,whileDAPIbeforehybridizationresultedinaconcentrationof2.107暳106

cells·mL-1(B),whichdidnotdiffersignificantlyfromnumbers(P>0.05)during
filteringprocess.Followinghybridization,DAPI(A)andFISHgaveconcentrations
of1.921暳106cells·mL-1and1.903暳106cells·mL-1,respectively (Fig.3),
whichdidnotdiffersignificantly(P>0.05).

Fig.2暋FluorescencemicroscopyofChlorellavulgaris (Lw2008/02)afterhybridizationandsubsequent
counterstainingwithDAPI.Thepictureshowstheorganismsunderthesamevisualfield(A&B).
(A)TheimageundertheCY3filter;(B)TheimageundertheDAPIfilter.

Fig.3暋TheabundanceofChlorellavulgaris(Lw2008/02)(FCM,DAPIandFISH).DAPI(B):
DAPIcountsbeforehybridization;DAPI(A):DAPIcountsafterhybridization.
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EUK1209RandEUK528targetedbothgreenalgaestrainsevaluatedinthisstud灢
y,ChlorellavulgarisstrainLw2008/02(Fig.4.A)andMicromonassp.strainCC灢
MP2099(Fig.4.E).Thespecificitywascomparedbasedonrelativesignalintensity
andhybridizationefficiencyunderthesametestconditions(Fig.4.B.C.F.G).
Theresults revealed that EUK1209R had higher fluorescenceintensity than
EUK528.Apparently,probePRAS02couldnottargetChlorella(Fig.4.D),which
confirmeditsspecificityforMicromonas.sp.(Fig.4.H).AsshowninFig.5,the
FISHprotocoldevelopedherecouldbesuccessfullyappliedtosamplesfromtheArc灢
ticOcean.

Fig.4暋SpecificationtestsofCy3灢labelledprobesusedinthisstudy.EUK1209RandEUK528areuniversal
probesthatcantargetbotheukaryotesevaluatedherein,whilePRAS02isspecificforMicromonas
sp.(CCMP2099).(A)Chlorellavulgaris(Lw2008/02)underlightmicroscopy;(B)Chlorella
vulgaris(Lw2008/02)targetedbyEUK1209R;(C)Chlorellavulgaris (Lw2008/02)targeted
byEUK528;(D)Chlorellavulgaris (Lw2008/02)targetedbyPRAS02;(E)Micromonassp.
(CCMP2099)underlight microscopy; (F) Micromonas sp. (CCMP2099)targeted by
EUK1209R;(G)Micromonassp.(CCMP2099)targetedbyEUK528;(H)Micromonassp.
(CCMP2099)targetedbyPRAS02.
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Fig.5暋FluorescentmicrographsforthenaturalcommunityfromtheArcticOceanregion,whichisdomi灢
natedbypicoeukaryotes,primarilyMicromonaspusilla.CellswerehybridizedwithEUK1209R
andPRAS02.Cy3灢labeledspecificprobes.(A)EUK1209Rprobestargetpicoeukaryotes.(B)
PRAS02probestargetMicromonassp..

暋暋Thefinaloptimizedconditionsdeterminedbasedonthetestsdescribedaboveare
showninTable2.Specifically,theoptimumfluorescenceintensityandhybridization
efficiencywasobtainedbyincubatingthecellsin10mg·mL-1lysozymesolutionat
37曘Cfor30minpriortohybridization,whichwasthenconductedusing20%for灢
mamideinpreheatedhybridizationbufferat47曘Cfor6h.

Table.2暋Optimalconditionsforfluorescenceinsituhybridization(FISH)
Condition

Permeabilization 10mg·mL-1lysozymebufferat37曘Cfor30min

Probeamount 2毺L(1毺m)in20毺Lhybridizationbuffer

Formamideconcentration 20%formamide

Hybridizationtime Hybridizationfor6h

Hybridizationtemperature Hybridizationat47曘C
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4暋Discussion

暋暋Duringmostofthelasttwodecades,naturalfluorescenceobservedbyepifluo灢
rescencemicroscopyorFCMandmarkerpigmentanalysesweretheonlyquantitative
techniquesavailableforlarge灢scaleinvestigationofpicoplanktondiversity[20灢21].How灢
ever,thesemethodsusuallylackedtheresolution(especiallyepifluorescencemicros灢
copyandFCM)requiredforinvestigationatafinetaxonomiclevel.Recentadvances
withinthefieldofbiologicaloceanographyandprogressinquantitative (orsemi灢
quantitative)moleculartoolssuchasFISHhaveallowedmoredetailedandextensive
phylogeneticsurveys[8,11,22].Indeed,FISHhasproventobeapowerfulmolecular
methodforidentification,visualizationandquantificationoforganismsinmicrobial
communities[23].DespitethewidespreaduseofFISHformorethanadecade,the
signalintensityofcellshybridizedwiththefluorophore灢labeledprobesometimesbe灢
lowthedetectionlimit.Lowfluorescentresponsesinhybridizedsamplescanoccuras
aresultofavarietyoffactors,suchaslowribosomecontentofcells,difficultyin
permeatingcellwalls,andinaccessibilityoftargetsitesduetoeithersecondaryor
tertiarystructuresoftherRNA (i.e.,RNA灢RNAinteractions)ortheeffectofribo灢
somalproteins(i.e.,RNA灢proteininteractions).Theformertwofactorsdepend
solelyonthestudiedorganismandcanpotentiallybecircumventedbychangesinthe
experimentalprotocol,suchasusingadifferentfixativetobetterpermeatethecell
wall[24]orindirectlabelingoftheoligonucleotidetoamplifythesignalintensityper
probe[25].

Inthisstudy,weoptimizedtheFISHprocedurefortheidentificationoftwopo灢
larcoccoidgreenalgaespecies(ChlorellavulgarandMicromonassp.).According灢
ly,wedesigneddifferentexperimentalconditionsinanattempttodevelopanopti灢
mizedprotocolofFISHforanalysisoftheseorganisms.Differentenzymeshaveoften
beenusedtoincreaseprobepermeabilityingeneral[26].Sincenouniversalorstandard
permeabilizationprocedureisavailableintheliterature,ingeneral,adaptedprotocols
havehadtobedevelopedforspecificorganisms.Enzymaticpermeabilizationwaseas灢
ierforthewall灢lessflagellatedM.pusilla.Pre灢treatmentoffixedbiofilmswithlyso灢
zymeproducedsignificantlyhigherprobeintensities[11].Aditionally,autofluores灢
cencecanbediminishedbyethanolwashing,asdescribedbyBiegalaetal.(2003)[8].
Inthepresentstudy,96% ethanolincubationappearedtoreduceautofluorescence
sufficiently.

Thecellsweretargetedwiththeeukaryoticprobes(EUK1209RandEUK528)
andPRAS02.Hybridizationswerethenconductedusingdifferenthybridizationmix灢
turesystemswhiletargetingdifferentspecies.Inthepresentstudy,hybridizationin
20%formamideinpreheatedhybridizationbufferat47曘Cfor6hwasfoundtotheop灢
timalcondition.Thismethodalsoworkedwellwiththepolarenvironmentalsam灢
ples.

TheconcentrationofspecificprobesisalsoanimportantfactorforFISH.Biega灢
laetal.(2003)[8]assessedpicoeukaryotesinthenaturalenvironmentusing100ng
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probesin20毺Lhybridizationbuffer.Conversely,Jungeetal.(2004)[12]used250ng
probesin65毺lhybridizationbufferinastudyofarcticwater.However,inourstud灢
y,itwassuitabletomix2毺L(1毺m)with20毺Lhybridizationbuffer.

Toassessthecelllossandhybridizationefficiency,wecomparedFISHcounts
withFCMandDAPIcounts.Nosignificantdifferenceswereobservedbeforeandaf灢
terthesamplesweretrappedontofilters,whichconfirmedtheresultsofprevious
studies[8].Thesefindingssuggestedthatseveralroundsofcentrifugationatspeedsas
highas9000暳gdidnotinducesignificantcellloss.

ItiswellknownthatallcellsshouldbestainedwithDAPI,butnotallcanbe
hybridized.ObservationofthesamemicroscopicvisualfieldusingtheCY3andDAPI
filterrevealedthatmostcellswerehybridizedsuccessfully,andconfirmedthehigh
efficiencyofthetechniquedevelopedhere.

Followinghybridization,theFISHcountsandDAPI(A)didnotdiffersignifi灢
cantly(P>0.05).Conversely,theDAPI(B)andFISHcountsdifferedsignificantly
(P<0.05),indicatingthatcelllossmayhaveoccurredduringthepermeabilization
andwashingtreatment.However,thisdiscrepancymayalsohavebeenduetohuman
errorsincethecellswerecountedmanuallybyfluorescencemicroscopy,whichhas
beenshowntobesubjective[8].Otherwise,Inthepolarecosystem,theconcentration
ofpicoeukaryotescanbe3ordersofmagnitudelowerthaninlabcultures,thediffer灢
enceofcelllossescouldbenarrowed[7].

Insummary,anoptimizedFISHprotocolthatcouldbereadilyappliedtoidenti灢
fyandquantifytaxaofinterestsuchasMicromonssp.andChlorellasp.innatural
communitiesinpolarregionswasdevelopedhere.Furtherstudieswillbeconducted
tooptimizeTSA灢FISHforcomparisonwithstandardFISH.
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