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Background: Apolipoprotein E (APOE) genotyping is an important test
for predicting the risk of Alzheimer’s and cardiovascular disease. The
polymerase chain reaction-restriction fragment length polymorphism (PCR-
RFLP) technique for APOE genotyping is not widely used due to the need for
special gels. Thus, this study aimed to develop an PCR-RFLP technique to
overcome this problem.

Methods: For high-resolution agarose gel electrophoresis of PCR-RFLP,
a general-purpose agarose gel, lithium borate buffer (LBB), and high
voltage were used. After electrophoresis, the change in the temperature of
electrophoresis buffer was measured. We performed PCR-direct sequencing
to confirm the results of the PCR-RFLP of genomic DNA extracted from 103
K,EDTA-treated venous blood samples.

Results: When a small gel 6 cm in length was run at 300 V for 50 minutes in
an electrophoresis chamber with a distance of 20 cm between electrodes,
the target bands could be easily discriminated and only slight deformities of
the bands were observed. The change in the temperature of the buffer was
14°C. The results obtained with PCR-RFLP were in complete agreement with
those of PCR-direct sequencing.

Conclusions: PCR-RFLP with electrophoresis using a general-purpose
agarose gel, LBB, and high voltage is an accurate and reliable assay for APOE
genotyping. Additionally, general-purpose agarose gel with LBB can be used
in place of polyacrylamide or MetaPhor agarose gel for resolving small DNA
fragments.

(Lab Med Qual Assur 2022;44:105-10)
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APOE S ZAAME 2Tt DNAS 7[8to =2 3 7|Holl= &7
MEE2MH[6], polymerase chain reaction (PCR)-restriction
fragment length polymorphism (RFLP) [7], single-strand
conformation polymorphism [8], allele-specific PCR
[9,10], fluorescence resonance energy transfer-based
melting curve analysis [11], real-time Tagman PCR [12],
real-time SYBR Green PCR [13], high-resolution melting
curve analysis [14], denaturing high-performance liquid
chromatography [15], SNaP-shot mini-sequencing [16],
MALDI-TOP mass spectrometry [17], PCR-GoldMag lateral
flow assay [18] S0| 21 E|QICt. PCR-RFLP 7|HE 0| 8%t
APOE ¢ ZAt= 1990 Hixsont Vernier [7]01 2|8l 7t
£l 2%l 7|80|Lt, PCR-RFLP 7|%Ho| ZH[19]2 2 Qlsf| 03|
Olg&|1 ACH20]. 8tX|2t Hhal Mgtz A S 0|3t PCR-RFLP
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2% £ Q= lithium borate buffer (LBB)7t 4
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PCR-RFLP 7|2 JHgrstmxt sfeict.
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1. X % DNA &

2021 1€52E 20214 117X &= 103742] K,EDTA
M| 2l Elf AM|ofl A QIAamp DNA Blood Mini Kit (Qiagen,
Hilden, Germany)& O|&3t0{ 2|At X|Zloj| 2} DNAS FZ3t
ALt

2. PCR Y Mgt 4 A2

PCR gtSH2 2X EmeraldAMP GT PCR Master Mix
(Takara, Shiga, Japan) 10 uL, DNA 1 pL, M%H5-GGCACGGC
TGTCCAAGGA-3) U = (5’-CTCGCGGATGGCGCTGAG-3)
AA|[23] ZH 0.5 uM U B8 HIISH & 20 plit El=
2 StRILCt. Veriti 96-Well Thermal Cycler (Thermo Fisher
Scientific, Waltham, MA, USA)Z 0|23t0] C+E ZHSZ PCR
2 TIYSIICE. 98°Coll M 327t X2|ot 0]l 98°C 15, 68°C 30
Z, 72°C 30X 452 ZZSIUCE FH|SHK| 242 PCR AH=0f
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Hhal (NEB, Ipswich, MA, USA) 1 pLg H7tsta 37°COl|lA] 34|
2F H2[SIRACE PCR A2 LH Hhal ®gtE A QlAIE (9
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2 72 bpet 19 bp 12|71 48 bp2t 35 bp2| E0|X el Mmo| 2t
AEICt 9 CHEYAE H™ 20| CHEYM S 0|85t APOE /7T

dg HHSICHFig. 1).

3. Lithium borate buffer % 3.5% O}7|2A A H|=
42| EM3E(lithium tetraborate, anhydrous; Sigma
Aldrich, St. Louis, MO, USA) 3.38 g& &4 800 mLo| 50|
1Lt EEE R4S HIK80{ 20 (20 mM) LBBE 2HE!
Ct. O] 8Ho| pHE ZHoHX| YUASH 1x (1 mM) LBBE 4°C
HEH S SHICH22]. 3.5% OP7I2A Ag THET| 2ld HE of
72 AQl SeaKem LE Agarose (Lonza, Rockland, ME, USA)
3.5g2 1x LBB 100 mLoi| 'F1 MX}2|QIX|E 0|85t =2l =
60°CZ A20f|M 43|12, 10 mg/mL 5=2| ethidium bromide
(EtBr; Sigma-Aldrich) 10 uLE @11 & AMRUCt O] O}7IZA 8
A= mini-gel tray (109 mm x60 mm; Takara)ofl £3st11 17-
well comb (Takara)S ztzt 2UCL AS 23 F 4°C HHEH

= OtRiL.

4,

ra

719g
=32t Z0|7t 20 cm@! M7|HS Mt (Solgent, Daejeon,
Korea)2} Elite 300 (Wealtec, Taipei, Taiwan) 22X 1
2|1 M7|¥5 HIYZ 1x LBBE O|83IRUCt Mstzs He|F
PCR ¢t= 10 pLE OPtEA A 2 welloll 23511 300 V MY
£ 20 MI|ES2 SIRUCt M7 s0| 22E = YZ(anode)

M| HH2TE £XSIUCt DNA X2 0FHE 20 bp DNA

ofn

A
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Fig. 1. APOE genotyping by polymerase chain reaction (PCR)-
restriction fragment length polymorphism using high-voltage
agarose gel electrophoresis with lithium borate buffer at 300 V for
50 minutes. Abbreviations: M, 20 bp DNA Ladder (Takara, Shiga,
Japan); UD, undigested PCR product.
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Ladder (Takara)E O|3IRiLCH
5.DNA EH7|MEEM

PCR-RFLP Z1E =QI5t7| 250 FIIME2ME HA
StRCt PCR 222 2X EmeraldAMP GT PCR Master
Mix (Takara) 10 pL, DNA 2 ulL, M2(5-ACTGACCCCGGT
GGCGGAGGA-3’) & =2H(5-CAGGCGTATCTGCTGGGCCTGC
TC-3) AlA|[10] 2k 0.5 uM W SFEHE "6t & 20 pLt
Z| =2 stCt. Veriti 96-Well Thermal Cycler (Thermo Fisher
Scientific)S 0|83t0] LS =71OZ PCRES TI&sIRILt. 98°C
OllM 327F M2|st =0 98°C 15%, 65°C 30, 72°C 30X 35
2| ZESICE ExoSAP-IT PCR Product Cleanup Reagent
(Thermo Fisher Scientific)2 A ¥ BigDye Terminator
v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific)2} ABI
3730XL (Thermo Fisher Scientific) 22 47| Zk PCR A|2H|S
0| 85t0] EMSRILC. rs429358 H0|2f rs7412 #HO|E Fgtsto]
E2/E2& T/T, E3/E3= T/C, E4/E4= C/C, E2/E3= T/Y, E2/E4
= Y/Y, E3/E4™2 Y/CE M 7|1Z 22 &0t APOE RHYEE 2
ML

6. PCR-RFLP2} H7|ME LA
PCR-RFLP 2112} g7| L2 2
x|g, Metr 9l Huc = 0|23IICt

H 23] H|
IS H| W HIISH| sl &

21t

2. M2k Hejot A HY

300 V2 502 Sot M7[FSet = &= Mo 2 18°CH
Ch M7|GE AR © BIIO| R 4°CRRER, &3 HIRE
Hoh= 14°CRALE 3t &7| HI|F S =AM Of7t=A 2o H#
Are|X] ATt

[ E=RnIb
O - -

3. PCR-RFLP2} H7|MEEMH A H|
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Table 1. Results of PCR-RFLP and sequencing for APOE genotyping

Genotypes PCR[\IR?F.I?I;c (%) seq uggc.:i?'nfg (%) gao :cceo gA)
E2/E2 1(0.97) 1(0.97) 100
E2/E3 8 (7.77) 8 (7.77) 100
E2/E4 1(0.97) 1(0.97) 100
E3/E3 78 (75.73) 78 (75.73) 100
E3/E4 14 (13.59) 14 (13.59) 100
E4/E4 1(0.97) 1(0.97) 100
Total 103 (100.00) 103 (100.00)

Abbreviation: PCR-RFLP, polymerase chain reaction-restriction
fragment length polymorphism.
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2 M7|¥=2 PCR-RFLPQ| €4-HQl niyo|ct, 2Lt BN
DNA BHE F2517| oM MAES A 42, A s 2 MI|F
& HIHE o|8sHoF $tCH24]. Hhal MgtgAE 0
M ZAM = =2 37((91 bp, 83 bp, 72 bp,
%30 bp)o| BX WHEES EHOF SIERE =2 =22 SEst A
F8(8% polyacrylamide Z = 4% MetaPhor O7tE2A Z)

0|8l RACH7,21]. LEHHQI HE O7I2A ZO| S L He|
= 100 bp-23 kbZ&, 100 bp O[5} 2 DNA HHE F&25}7|
= O{EC}. Polyacrylamide 2 ™7|g S (polyacrylamide gel
electrophoresis, PAGE)2 =2 si& = Z 7} A Hhalg 0|8
ot APOE 2T AAtoll HetstLt, acrylamideZt ME=HE
U271 polyacrylamide 22 M=st= Ol Hst HHEo0
CH19]. o] ttEE 2838t 0Xt MetaPhor OF7t2A 2 M7|H
(MetaPhor agarose gel electrophoresis, MAGE)O| HHE*EI
0| 2|11 ACH21]. MetaPhor OF7IZA 22 20-800 bp 37
Zt2 DNA BHE 2% XH0|E F2E += US FE 2 1oy
O|CH25]. 8tX|2t MetaPhor OF7tZ2A =
O}7}2 A2l SeaKem LE Of7t2 AL} oF
0| ALCH.

APOE R AAIE I8t PCR-RFLPO{IA PAGE2t MAGE 2
= Tris-borate-ethylene-diamine-tetraacetic acid (EDTA)
(TBE) HIHE O|8%tCt. TBE HIH= Tris-acetate-EDTA (TAE)
HIH 2t S7H 7ha 'F2| A0|= HIHO|H, TAE HIHELCE 242 DNA
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PCR-RFLP Z1tet H7|MEZM 2ol LX[E, e 8 ¥ HHES 7=Edt= ol O REISICH19). LEXOZ TBE HIHE 0]
U= 22} 100%, 100% 2 100%SCHTable 1). g5t M7|ES0|A of 5-10 V/cm HM7|Z M|7|E 0]|23t0] F7|
F5S MAlstedl 10 Vieme x3tste Mg AW H'|1119| =

7} 4&5tn tHE S| Hk0| AL, 40| 52 =T UACH24]
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2 30 o|8%t LBBE W2 2s(molarity)E 7tX|l= MT
0= (conductive media)O|Ct. LBB2+ TBES| xt0|= TBES| Tris
o[ ChAl 2|§0| 22! A3t 2|§0|22 sZ7t Tris 0|2 s &
Ct SOM, EDTAZt QiCH= Zi0|Ct. 2|E2 L] 247 5 A
Moz 2 #3 ZZ (shell of hydration)2 ZFZICE [h2pA &
ze| 247 oM 7HE S MFE WMAIZICH O2|1 TBES)
Tris 20|29| 5= 40-90 mM MLQlM| H|s LBB2| 2|& &
T 1 mMO|CH22]. EDTAS H7tst= O|f+& DNA SAtEss
AE AX[St0] DNAE EZEst= Ao, b2z @EE
x| o2 H{HzlH EDTAS & '20{0} oh= 22 OfL|CH24). HIY
Of EDTAS €™ M0l Jeks 7|4 DNA BHQ| 0|5 £
7t LEE 2 QL H 2]. O|et 22 2|ES| MI|H EMt W2 2|
AS AHESHR| 4SO Qlsl LBBO| 1HYS
4oz 22 é%% AXE 4= ACH22]. 2 HTROA 15 V/em
2 508 SO HE% 5 14°C HEo| 2% A450| AASH ot

HBHS O|XIX| YSUCE. Et Of

1| 2| o1 QICt. EtBr2
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D LHZICH26]). & S0l T
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& Solf 302 Bo HMI|EE =
eaKem LE 0f7f§¢‘: HE OIRAEN
00 bp-23 kb HEo| sAle, &2 2 2%
I“E(electroendosm05|s)9f =28
£ of7t=2 A%} &4 LBBE 0|g3}0]
S| HE TIR|HAM DHAE E = A08=E
E0[et OP7I2A A H|Z, HE M7|Fs SEef 1sjMre| At
EAS 4= AACE EFH20x LBB 1 L 7HH2 2k 3,500 HEZ
68,0002/¢! 10x TBE HIH(Thermo Scientific) 1 LELCt &35t
1 SeaKem LEQ| 7} & MetaPhor=2Ct K& st H&O0| ULt
2 Ao MEHEeRE M, Ciket M7|F s FH|ol| ciet B
7}E S| AUACH= ZAO|CE mH2tA] AR s H Ao 2 7]

S|AF X| &l 2™
(>1,200 g/cm?), '5:
B82%(>90°C)E 7

LBBO| 2431 2F2
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