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11°°PCRPCR
33’’ and 5and 5’’

primersprimers of of 
all all genesgenes

RTRT--PCRPCR
33 ’’primersprimers

of all of all genesgenes

22°°PCRPCR
IndividualIndividual

genegene primersprimers

SortedSorted
individualindividual

cellscells

22°° the the samesame efficiencyefficiency in all in all 
amplificationsamplifications

Primer Primer selectionselection (I)(I)
11°° primersprimers in in differentdifferent exonsexons

2O 2O bpbp primers targeting nonprimers targeting non--repetitive sequencesrepetitive sequences
Similar melting temperatures Similar melting temperatures 

About 50% GC contentAbout 50% GC content
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1° PCR 2° PCR
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ALL PCRS HAVE THE SAME EFFICIENCYALL PCRS HAVE THE SAME EFFICIENCY

RTRT--PCRPCR

33’’ primersprimers
of all of all genesgenes

NO COMPETITIONNO COMPETITION
betweenbetween

40 40 primersprimers
40 40 ampliconsamplicons

33’’ and 5and 5’’primers primers 
of all of all genesgenes

11°°PCRPCR
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Primer Primer selectionselection (II)(II)

10 20 30 40 50 60

Absence of Absence of competitioncompetition betweenbetween
primersprimers and and ampliconsamplicons
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AAAAAA

2, 650bp

55’’ 33’’

Primers may be located at different distances from poly AAAPrimers may be located at different distances from poly AAA

HOW TO AVOID RT BIAS???HOW TO AVOID RT BIAS???

AAAAAA

RTRT--PCRPCR

33’’ primersprimers
of all of all genesgenes

SPECIFIC SPECIFIC 
RTRT--PCPC

NO COMPETITIONNO COMPETITION
betweenbetween

40 40 primersprimers
40 40 ampliconsamplicons

33’’ and 5and 5’’primers primers 
of all of all genesgenes

11°°PCRPCR
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100% Efficient RT100% Efficient RT
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33’’ and 5and 5’’

primersprimers of of 
all all genesgenes

22°°PCRPCR
IndividualIndividual genegene
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FromFrom 11°° to 2to 2°° PCRPCR

••MaintainanceMaintainance of of 
abundanceabundance

relationshipsrelationships

AbundanceAbundance relationshipsrelationships

101099 to 4 copiesto 4 copies
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Cycles

2 2 genegene Copies Copies cancan bebe quantifiedquantified

sensitivitysensitivity--reproductibilityreproductibility

Cell 1

Cell 2

Cell 3

Single Single cellcell
versus versus 

population population analysisanalysis????
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A mRNA A mRNA expressedexpressed by all by all cellscells ((atat lowlow levellevel))
maymay givegive the the samesame signalsignal
as a mRNA as a mRNA expressedexpressed by rare by rare cellscells ((atat highhigh levellevel))

Quantitative RTQuantitative RT--PCR PCR isis misleadingmisleading

10 20 30 40 50 60

HpRTHpRT

IFNIFNγγ
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POPULATION VS SINGLEPOPULATION VS SINGLE--CELLCELL

•• The most expressed The most expressed 
gene isgene is GranzymeGranzyme BB

•• CellsCells ARE ARE 
CYTOTOXICCYTOTOXIC

•• Cells are Cells are 
•• ANTIANTI--

INFLAMMATORYINFLAMMATORY

•• The most expressed The most expressed 
gene isgene is TGFTGF--ββ

•• CellsCells ARE NOT ARE NOT 
CYTOTOXICCYTOTOXIC

•• Cells areCells are
•• PROPRO--

INFLAMMATORYINFLAMMATORY
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AnalysisAnalysis of of genegene expression in expression in 
populationspopulations

isis
good to good to «« catchcatch »»genesgenes

IS INSUFFICIENT IS INSUFFICIENT and and 

HighlyHighly misleadingmisleading

Single Single cellcell analysisanalysis isis
fundamentalfundamental

toto
gaspgasp cellcell heterogeneietyheterogeneiety

and and 
understandunderstand cellcell propertiesproperties


