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Emulsion PCR Improves the Specificity and Sensitivity of PCR-based
Pathogen Detection
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Abstract

Emulsion PCR (ePCR) has recently gained interest in the areas of food safety and biotechnology owing to its highly

specific and sensitive performance in the amplification of target DNA. To facilitate the applications of ePCR to food safety

and biotechnology, this paper describes the principles of ePCR and the factors that should be considered in designing ePCR.

In addition, current research and applications related to ePCR are discussed.
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Schematic drawings of mal-amplification of target DNA due to non-specific amplification occurring frequently in conventional

PCR (A) and specific amplification via partitioning of individual DNA into aqueous droplets in W/O emulsion employed in

emulsion PCR (B).
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2| PCR inhibitorsi= silica-based columnS ©]4-3F DNA AA &
B3l A" EE wiAAE S o, A F 5 DNAS £ -
sletAo g Fds 5EA4S vEllle 5 - 4= % non-target
U E DNAE HjAl= 93207 Brlsslith 53] 4FE

I+ DNA 75l H]3l] B2 9] non-target DNA”} PCR HH-3-
of 23E A, AFEd DNAYF SEHA E3le 245
Z#) Shok(Fig. 1)(Meyerhans et al., 1990; Nakano et al., 2003;
Chai and Oh, 2015).
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(W/O) emulsions ©]&3le] 82 4 9 ™ (Nakano et al.,
2003; Hori et al., 2007, Wiktor et al., 2015), & 7|
PCR specificity 2 sensitivity 3ol 7]oj3t= Aoz LA
2 th(Margulies et al., 2005; Shendure et al., 2005; Shao et al.,
2011; Wiktor et al., 2015). 3] emulsion PCR(ePCR)Z <7
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$-, DNAE ¥83}= & droplets 7| == Poisson distribution
< WE™, DNAZ} k7l EA131= & droplets 7H<2] percentage
+ Poisson equation(Equation 1)9l] €3] 2F&2 4~ ) tH(Swami
et al., 2008).

fX)=(F o e M)/k! (Equation 1)
A: W/O emulsion W & droplets 7152} 2 DNA 7] 5=2] 4]
e: AT (~2.718)

W/O emulsion W & droplets] <=7} 10'°Y w} k7H <] DNA
Fr3l= = droplets 711570l ] 3t percentageE Equation 1
ol &3to] A& 3IA YL, 1 AHE Fig 20 E=AIEATh k2
7toll e} & droplets 7H52] percentage= 1031 Hlj 4= o]7¢
Zashs Ao AEHEkFig 2). THeF & 10771¢] DNA
10701 ¢] & dropletdl] #4212 A%, 1712 DNAS &
3= & droplets= % droplets 715729] 2F 0.1%& AR5k ®F
™, 27§ 2] DNAZ §-f-3t= dropletsS 5x10°%S X}A 8},
370¢] DNAE 9331 droplets oF 1.7x10 %% 5 A5t
Ao ® AHEHTHFig 2). WA 1708 = droplete] 17]¢]
DNAE & 7HeAd& 270 &2 1 ©]/)2] DNAE &+
7FsAdell Bl <F 2,000 ©)% =tk 24 2= DNASH PCR
solutionS W/O emulsion Aol F3A1Z A, A7te &
o] DNA7F 78X S 2 & dropletsel]l 8 E 4 A th(Swami
et al., 2008). DNA7} 7|2 S 2 & dropletsol] 32 7%,
non-target DNA 3! PCR inhibitors®] PCR 7Hd-S #4313 4
AL W, target DNAS E9Y2 PCR WS F=2F & Stk

(Fig. 1)(Nakano et al., 2003; Hori et al., 2007).
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Fig. 2. Percentage of droplets occupied by DNA as loaded number
of DNA in W/O emulsion.

Emulsion PCR AA| 4 +3

1. ePCR &4 1H

ePCR #72 1) oil phase W PCR solution #4HS 9|3t
W/O emulsion A%, 2) W/O emulsion®l] ¥4F - 23 H target
PCR9] PCR £, 3) W/O emulsion 4 PCR amplicons ]~
2 A, 183 4) 27} conventional PCRE -4 ® THFig. 3).

Target DNA$} PCR 27~2] W/O emulsion ¥4+ 2 & droplets
W E3gof u}2} PCR 53 = PCR specificity 2 sensitivity2]
S 7|t e 4= ok (Fig. 1)(Margulies ef al., 2005; Shendure
et al., 2005; Shao et al., 2011). Z1&Y PCR 5= FH &
droplets U F#-&-7+o] Al $t=]o] o] PCR amplicons 7154l o]
gl Al ko] wWEt} W/O emulsion 4] = droplets®] =7+
ulo] A2 @S2 MR (Hori et al., 2007), W/O emulsion®] &
H target DNAS 15~20 thermal cyclesol] 23] PCR &<
Z=3lH, & droplets WH-37+0] PCR ampliconsel &3l 715
A YA AL, B]Eo] 20 thermal cycles ©]%4+2] PCR 432 non-
specific PCR REGHIEE Eole= 202 ¢&#HA 3tk Williams
et al., 2006; Schutze et al., 2011). W&k4 W/O emulsion®]
A8 target DNA®] PCR 5355 918 thermal cycles™ 20 5
= 11 o8} #3202 XL ci(Williams et al., 2006; Schutze
et al., 2011). 15~20 PCR thermal cycles®ll 2]a] AJA+¥E PCR
amplicons 5= A719 50l 3l TFE AT F A&
ol AR gt wek 37441 PCR 33424 con-
ventional PCR)°] & ¥ t}. 22} conventional PCR ©]d W/O
emulsion 2] PCR ampliconsE 43 - AAE 3 o]
A olH, f7]41)(diethyl ether T 2-buthanol)E ©]£-3t
water phase =7 3} water phase Yl PCR amplicons A & ¢
g+ DNA purification T 7F & ol Z3H¥ thFig. 3). W/O
emulsion 2] target DNA 525 $]3 PCR3} 22} conventional
PCRol 28-%|+= thermal cycling =72 4w PCR =7 3
FrAFSFTE 23y W/O emulsion 4+2] & dropletol] -2 ¥ target
DNA<®] PCR 5&34 F W/O emulsion®] StHA FX& ¢
3] DNA denaturation ©A| 9] =& 95T o]tz A Asl=
Zo] B A A o|th(Williams et al., 2006; Schutze et al., 2011).

2. W/O emulsion H target DNA ¥ PCR M4 24t
)

Target DNA= PCR solution 2! oil phase2] &3} - wyko]
w2}l W/O emulsiondl] A4S T, wlo]I 2 ©el 9] & droplet
o] ¥ =l Water phase?! PCR solutions =] - 3182 0
E 4ol oil phaseoll #4bek7] Sl FxlwlAd o] f-3hAl 7t
AHEE T -3k = water-oil Al Fol EA1381H, 21544 head

o} 244 tail FE°] 27 water phase % oil phaseZ ©]3) 3}
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o} water phases®} oil phase7te] EHAH ] 2ol & ZHAA]7]
37, water phase®| oil phase W £4Hs =gtk 341 E o]
£3}] target DNA ¥ PCR 2.4% oil phase U0l &A=
E dropletsol] #3838 w, & droplets Al Aol A water phase
2 o]g ¥ 314 head= target DNA % PCR 2249} 24
oZ A& 4 olJ_ Eg -3tz or H}Otﬂ— gttt =
dropletsol] #2 % target DNA2] PCR WS- £ #-3}A4]| headoll
ogh EX k2 g HAsIslr] fa st o E vk
dol A& ¥54 F3kAlE o83 W/O emulsion A Z=7} v}
HA 3k B yo wET span 80, tween 80, triton X-1003}
7 vl=4 fr8kAl 2 ABIL EM 90, ABIL WE 099} 7+
F3HA H5E0] ePCRO FE #-§-¥ th(Williams et
al., 2006; Schutze et al., 2011; Murgha et al., 2014). ePCR®]|
AL HE F3HA 2 == oil phase tHE] AW 10% vvsE 9
A ¢¥ o™, mineral oil< oil phaseZ -£& 739 mineral oil
5% v/v ©]SK(Williams et al., 2006), ZL2] 3L dietylhexyl carbonate
/mineral oil 3ES oil phaseZ ©| &8 A 7% viv FFL
2 fF3A7F A7 Y (Fig. 3)(Schutze et al., 2011).
ePCRoll A £-=|= oil phase®] 749, 315124 QFA A 0]
8l mineral oilo] RHF O 2 AR EU Ad HeoA kAt
A8l E5443 obAd o] 2423t dietylhexyl carbonate-2 mineral
oil7 &3t AE-E7| %= SHeh(Williams et al., 2006; Schutze
et al., 2011). =3k PCR 48 7F W/O emulsion g 412 water

=
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phase$} oil phase H]-&-<ll 23] 27 =™, mineral oilS
22

oil phase
739~ 1:2(water phase:oil phase)(Williams et al., 2006),
2] 3 dietylhexyl carbonate / mineral oil =3%&< oil phase
Z o] 83 7§ 1:6 2] water phase(PCR solution) 3 7}7}F

@ th(Schutze et al., 2011; Chai and Oh, 2015). 1.2 =&

1:6 & ©]*F O 2 water phaseE 718 7, water phase?|

432 (phase separation) &/¢o] #&E v} 21 tHunpublished
data).
3. Emulsion PCR M 24 o ML sxZH

W/O emulsion 2] & droplets®ll w4}t - i8] F target DNA
% PCR 84F water-oil AMCE ke ¢ ok xEg
target DNA % PCR 249} oil phase®] 2437 HZ2 PCR
3ol A BAZ AE 2 sl & dropletsell 4F - 8
= target DNA 2 PCR 249} oil phased] ZH32 H&E&
bovine serum albumin(BSA)oll 23] ®AE 4 9 th(Williams
et al., 2006; Schutze et al., 2011). W&}4 ePCR A A o) A
BSA9} 7o) target DNA % PCR 82.4-$} oil phase®] 2753
HEL AT F Jd= EF H7ME vds)of stk

W/O emulsion®]l «]5} target DNA % PCR 8.4 #A4F-
%2 PCR specificity 2 sensitivity g2 §7]314] U}(Mar}:,rulles
et al., 2005; Shendure et al., 2005; Shao et al., 2011), &t <1
w3 Bkl ZFo] PCR wE-g-z7ke] vho]laz ©heje] &

l—;l
|

droplets

Procedure of emulsion PCR

Method 1t

Method 2t

- Qil phase: mineral oil

- Surfactants: Span 80 (4.5%),
Tween 80 (0.4%), Triton X-100 (0.05%)

- Agitation: stirring

Preparation of
W/O emulsion

- Qil phase: dietylhexyl carbonate /
mineral oil mixture (3.6:1)

- Surfactants: ABIL WE 09 (6.7%)

- Agitation: vortexing

DNA amplification

in aqueous droplets

- Collection of DNA amplicons: by the

- Collection of DNA amplicons: by the

addition of diethyl ether and a
subsequent collection of water phase.

- Purification of DNA amplicons: by the
addition of ethyl acetate and a

Collection & purification | |
of DNA amplicons

addition of 2-buthanol and a
subsequent collection of water phase.

- Purification of DNA amplicons: by the

subsequent collection of supernatant.

use of spin column kit.

Williams et al., 2006
iSchutze et al., 2011

Secondary
conventional PCR

Fig. 3. Procedure of emulsion PCR.
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of #|gt=o] ] PCR amplicons 7] =0l o gt A ko] w-Et}
(Williams et al., 2006; Schutze et al., 2011). ¥} 7|&351H
& droplets W PCR %F3-37H> primers, DNA polymerase,
dNTPs % BSA9] T&o g Wt 53] £ droplets W
target DNA 5% &8 primers®} dNTPsel| H]3l| F3]7 &
DNA polymerase$} BSAQ] ¥ o] W17H31A J3S v A
o2 dHA Jtk(Schutze et al., 2011; Shao et al., 2011).
W/O emulsion 4] & dropletsol] #A4F - &% target DNA
ZZ 285 9|3k DNA polymerase®] 5
of Wal tha & 0.6~1.5 UPCR ¥Hg ) 3] 4451
(Schutze et al., 2011), BSA &%+ PCR solution uL g 5 ng
502 H7bEtk(Schutze ef al, 2011). Z#v}k 2t Al E 24
of mWe} ePCRE ¢13F 24 DNA polymerase 2 BSA 5L+
APE T3 =Fske Zo] wgHsith I} H o2 ABIL
WE 095 ©]£-3}] dietylhexyl carbonate/mineral oil “d<] &
dropletsell £+ - 23 % E coli 0157:H7 DNAE BSA 0.48
ug/uL 2 Taq DNA polymerase 1.25 U ZolA 983 ==
= 1} 1tH(Chai and Oh, 2015).

& %= conventional PCR

Emulsion PCRe| =gz} Mot

W/O emulsion®] 2|3 DNA 2380 w2 target DNAS &
#4 PCR WH3ZA 3,
71t g = S th(Margulies et al., 2005; Shendure et al., 2005;
Shao et al., 2011). Conventional PCR 24 = WX 3}A] A
3= non-specific PCR W52 TF52] non-target DNAS| &3}
H 107] w99 target DNA SZS Wl 5lo] target DNA ¢
=4 B NEE 771 ¥HE, W/O emulsion®l ]3|
target DNAE vlo] 22 &9 & dropletsol] =8 4, o

9] non-target DNAl &3t 17 E=+ 1071 ©]7+e] target
DNAE M¥Z o8 FZF 4 gltkShao ef al, 2011; Chai
and Oh, 2015). ePCR A&l 2] PCR specificity & sensitivity
n A= kA Xwke] RIZTE g 9154
A RIE Astol] 7o Zo 2 wekdnh

ePCR-2 aptamer libraries | Ztoll #8314 A4 4= 9tk
(Shao et al., 2011). Aptamers= H}o] LAIA 5ol AFEE =
RNA = DNA HHOoZH BZ29d Xd3 EA Ao
E39 t49] template DNA $HA4(DNA libraries #| 2h3} &
¥ template DNA 5ol 9]l A2 th Conventional PCR
= 019“0}04 *Po] g AMEe et T 4 template

7] &4 template DNAOA FZ4
Zxo] B4 aptamers T8 dAfo] &
3l= A €9 aptamers”} PCR amplicons

Z 913 DNA

3E9] PCR specificity®} sensitivity &

e =
P T AE

aptamers Ay 2HS

].u]

s

libraries #| 2} 2 conventional PCRS ¥H2-% ©
CRS-
= "1

© 5 B2 oj#ge] mEth Iy ePCR
emulsion®] ¥ & template DNA ZZo] 5502 73 5o
£ ME9] aptamers -3 LS WASFEE FH-3F aptamers
& ¥ 38} libraries 2Hd o] 7H5 8t} whEkA ePCRES DNA
libraries®ll 2-§-& 739, aptamers 7} A7 % Q1Y Azt

942 98 4 9kShao et al, 2011).
EDER-

o2 Fsfof 5
43k 249 WO

T3 ePCRZ microbiome #2412 $]3l pyrosequencing 2}
meta w41S 7HEEHAl St WA FHOE o] &I Yt
(Schuster, 2008). 73 T= A A U microbiomee T3k 1
Azl oJa FitetA A =] AT Microbiome®] pyrose-
quencing ¥ meta ¥4 microbiome . ZHE FEF v &E
DNA®| A Aol ol et T1efy Hehgh A4
< 13 474 4 ©]4<] DNA templatesE Z 22 it} 34
EE A AEESEH FE59 A E DNAY A
ment3}7] $13}¢] conventional PCRS 443 A% 4 v
£ DNAZ} RHR 3 0 2 FZuo] 22 335 7= WA=
DNAS] sequencing®] F-A15= ZA32 veldt) ePCRS %
2 o DNAE 883808 ZZ3 F gl gt pyrose-
quencing % DNA enrichmentol] W1 3}A & - L= 7 3
TH(Matzas et al., 2010; Siqueira et al., 2012). H]E pyrose-
quencing®l FEEE ePCRS A 71&¥ 713 AR
2 2ol & YEY, o] 2, 7|eH o8 Fdg w7l o
Tk

# < SYBR-GREEN# 72 33825 ePCROY| 443}
& droplets W91 DNA 5% §5& A4 AT + A& 7]
Hell gk A7 Es] 2853 A th(Schuler ef al., 2016).
FFEAS 0143 & droplets Y DNA 5% 9171%-2 W/O
emulsion Y] PCR amplicons 34 2 A 18|32 232} con-
ventional PCR @Al & Q8 & x| 7] Wt T 71" <] 70
ol met BARE, BAAZE Q1Y As B8 5 vk &
gt DNA7} %% & droplets 7HFE A58 ePCR A& W
target DNA 7H75 2H&8 4 3tHMiotke ef al., 2014; Corbisier
et al., 2015). B2 o}H7hA) B up Qo) @ A He 4
F U Assd ZZF7H HEE 7 dgs AR 7|tEo
AF AE bAA el Egol 2 Ao e

= enrich-

ZAte
o] TR 20169% FAT i hetA SFEATEA
2 A7s9e
Znes
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