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Simple sequencing method for multiple PCR bands

Ren Nakamural), Kouichi Kjtamura2>, Keisuke Miyako3>, Tatsuki Fujii”,
Yuuki Iwabuchi”, Yusuke Hashimoton, Tetsuya Komene”, Katsuhide Ikeda”,
Wataru Oboshi', Yuya Hirata, Nobuyoshi Iitsuka5>, Toyohiro Kogaw,
Akihiko Taj ima’ and Yoshitaka Yamaguchi”

Summary In clinical laboratory tests, the polymerase chain reaction (PCR) method is frequently

used in the identification of disease-related genes/genomic variants and pathogenic

microorganisms. Although the PCR method easily and specifically amplifies a target DNA region,

unexpected non-specific products are sometimes generated depending on factors such as primer

specificity and annealing temperature. For these unexpected, unknown amplification products, this

study presents a simple method to identify the extra DNA fragments. Multiple PCR products can
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be used to analyze the origin of each band by the following procedure: i) separation of each band

by agarose-gel electrophoresis, ii) picking of the few gel pieces of each band, iii) elution of the

PCR products in the gel by vortex, iv) re-PCR of the eluted DNA, and v) sequencing analysis of

the re-PCR products.

Key words: PCR, Nonspecific products, Sequence, Simple method

I. #&

il

PCR (Polymerase Chain Reaction) %13, Rf/R
WA B 2 HAEE T OREES R (2202
B R ANO T —HERL JRIEEREY
LA NAEERBT BB R Y, Bx YT
RSN 5 TFHEMFNFETH LY, {5
DNA% MR S & 2PCRILIE, BRI L72 7714~
— D HBOFALN T == ¥ 7 B h, MIZHE
BAL72BFN AT ) AR BARTFHNICH B T~
7L — b OMEESLPCREUSIEE OB % & OFH
S LD, WIREDSEONZVI LR, JE
FERMEMAE U720 3 50 I RED 73 A
U7zl 0— iy kb5, 7943 — D
AT RPPCRD BB Gt O TG ET 70 & CTd 5 o5,
WEROMERE TEIS LR LEME T A NI 5,
U BRI EEY) % 5 S, Eliz b+
P72 =V EORIWRAIEE VT, BER
TKENA D 7V SPCRIEY) (DNAKTH) % i
WL, ENENOEILFT 25 T & 505,
KABIZEHE & T X M0 B T T4 — D%
FHITHIB L T 5,

EN T A O | P S N v S e R
JUH I CHID L OPCRIEY) O F e % [7] 52
TELDT, Zano N ERE TR E
B ROBEIER Z OROMIEZ D Z &N
T&E b, DF VIR RIYPCRIEEY O HK % H 7>
DLIET, TIAY—DEEHADPLELRDD,
ZNEBPCRO LS Z L DL THIFR
WO EED RIS T &L F R A Y O R
PCRCIE 7 T4~ — %2kl +252L%<. H
AN ROEY TH L 0% MBI LN TE
Bo MGELIBIZETDOIDIE, L OEFET
WRZEHLCTBY . PAOWIEY 7 F VEED
R E 2o T FEBERN TS24 (EGFR :
Epidermal Growth Factor Receptor) % fV272%,
fili 5 A B 12 B\ T b EGFREE T DR R %

() PHEESNRTBY, =7V 219X220
Dk P ARy Mo TWAEY, FRIZLD
) =D DML T EAFERIEREGIE. A
FIZBWTER SN TV B SigleciE(m T HED )
D Siglec-E (Sialic acid binding Ig-like lectin E) %
727, <7 ASiglec-Eld. & NSIGLEC-9& ¥
WHHREIER R Ly liASA B E OEI AR, Bili
RIEOREE) A7 BHEPAZEMERIREOBE)
A7 EIBG- LT,

INE ARG, [/ ADNAHKEGFRI#H
571 & [cDNAHIESiglec-EE(n T | ZxF %12,
WEHE U 7-PCREW DYEFFY % RS 55
[ERRp I R

0. FEEMs

1. Genomic DNADHiH! & 1st strand cDNAF

BEAO e MO (BARN Bk, 20%)
X 1 \NucleoSpin® DNA RapidLyse (MACHEREY-
NAGEL#t) #HwC, 7/ ADNAZ I L 72,
Aire+flIIREY H 2 D 1st strand cDNA I, RNAiso
Plus (TaKaRa Bio.) |2 Ctotal RNAZHlitH L, 3
¥LG 3 SuperScript IV Reverse Transcriptase
(Invitrogen) & I\ CTHK L 720

2. 79 4 < — EPCRIG S

EGFR (NCBIL: NG_007726) ® 4 > k1 18
E19 b1z, F#NFNForward (5-CTGGTAACAT
CCACCCAGATCA-3") &Reverse (5-AGGATGT
GGAGATGAGCAGGGT-3) 75 1 ¥ — % k&l
L 720 Siglec-EEAnT DT ¥V »4L5112, %
2N Forward (5-GCATCTTAAGCACGGAGG
AGTGTAT-3') & Reverse (5-AAAGGTCCCCATC
ATCATTTCAGA T-3) 774 ~—% &5 L7,
EGFREL 124 L CiE7/ ADNA (1 ng) % .
Siglec-EfB {1126 L CTld. 50 ng?Dtotal RNA|Z
M4 BDNAZ T 7T L— MZHW, 754
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~— (B 03uM, IDT), £74F T X
7 LA F FEw (B 0.2 mM each,
NIPPON GENE) . Hot-Start Gene Taq NT (B35
0.6 U, NIPPON GENE). Hot Start Tag DNA
Polymerase /N v 7 7 — (#EE © 1x.
NIPPON GENE) O UG (20 u L) %L .
ProFlex PCR ¥ A7 4 (Applied Biosystems) |2
T35YA 7 VOBRULEAT > 720

3ANEE 7 A a— A OVESGKE) & 7V INPCR

FEW) D

TFIWVEy 77y THOESKKE L. Midori
Green (NIPPON Genetics) /A& MD2% 7 7 1 —
A7)V (Agarose Type 11 © SIGMA Aldrich) % HJ
W REE 20V). F—N—=F A1 b (1485
\ZTHT > 726 kEN%. Midori GreenlZ CTi&4eth
TV, A 70 EXRYy hOF v FITTEN Y
ROTFWVHEELVEY Yy 77y T Lize FIVRE %
TE# (10 mM Tris-HCI, 0.lmM EDTA, pH 7.5)
M 12 3% L. TWIN MIXER TM-282 (AS ONE)
\Z T2 RV 5 v 7 A (SPEED: 4) L. 7
INOPCREW) % I S H 72,

4. EPCREV OFIGNEE v —r v v 7

TV B S & -PCREY T > 7L —
F (ul) v, ERRPCREUSSEMICTHEN
Y N A& FIEIE S 7, BAKENZ TIAN Y R
MWHEFR S N/ZPCREW % 7 ~ 7 L — b2,
Forwardd L < [ZReverse 77 1 ¥ — (&R :
1 nM). BigDye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems) % Jill 2 7z BUGHEL (10
ul) ZPIEL. 96T 145 (11 7 ), 96T
108 +50C 5% (5% 4 7)) Oo% A7y —
IV ARISEAT R o720 BUBHE T %, ExoSAP
IT (Thermofisher) % il 2.37C 1045 +80C 147
DB & AT 2 v, SAMUA R (0ul) +
X-terminator (10 uL) ZIN 22050 MRV T v 7
A L. Applied Biosystems 3500/3500 xL. ¥ = %
T A v 7T F T A I CTPCREW DOIRIERLY %
P L7

m #3R

1. PCREUGIC BT 2 IEF A Y
EGFRE (LT & Siglec-EE(n T Ok & %75

B

4 < —=®DRY Y a v %Fig. lalZ7" T EGFRIZ
BILCid. HWEY (293 bp) LAFHZ600 bpfit
WA, Siglec-EVCBI L ClE. HMEY (124 bp)
PIAMZ1,000 bpfi i I2 4255 % /N 2 RHHERR & 1L
7z (Fig. 1b)o EGFRELZFIZOWTIE, FERD
72275 72,6

2. HERRTEE 7 7 1 — A VB &K E & PCR
FEW O

BEET H O — A VELIKEIZTE NS K
oL, Fy TICTITIVREE Yy 2Ty 7L
72 (ONY F1~4 1 EGFR. /N> K5.6 : Siglec-E)
(Fig. 1c)o 7 WVH #1.5 mLF 2 — 7 DOTEE
iR L. RIVT v 7 A CPCREY = B & &
726

3. %NV FOFHIFEPCR & Hi—/ N FOfERE
%32 K ODNAWT A % ¥ & & 7 TEE T &
£TI4~—t v bEHWCTHEPCRIIG % 1T
W, FENFNT TNy RPREFR S L
(Fig. 1d)o S0 bpffitic A BN BNy Rix, 7
TAR=—F A< —TdHhb,

4. =V ATF—%
1) 2NY FSRAET A PCREY)

2RDPCRIN v RANRAET 2 S HERTH > 7'
(Siglec-E) D —7r ¥ A5 — % %Fig. 2alZ7” ¥ o
DO, 2D L 7 F A E T
b

2) EGFR

INY FIHHRPCREMI O Y —7r v AT — %
(Exon 19 & Intron 190 5% FL4H 1) % Fig. 2blI7R
To TS N7 HEIEIH] & AH R A b
[ NCBI/ nucleotide BLAST Search] (2T L7
KR b M7 G R IC AL 3 AEGFRD
RefseqGeneZ2 i v, HIEY TH 5 Z &8
FEFRE N0 NV F3LFABRICHMED CTH 5
ZEDER S NI,

INY R2D Y = v AKE R A Fig. 210 R T,
B D W 35 % | #1158 S 1, BLAST Search
Ti¥ “No Significant Similarity Found” & #[7]74%
D& L EFNIL S N o 72,
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PCR Product (293 bp)
EGFR Forward _— Reverse

Chromosome 7 SsooLeT

- ©.9Kb) No v woneotaoyL  en@e g

Siglec-E PCR Product (124 bp)

_—
Forward < Reverse

cDNA (1,849 bp)

5'UTR 1 23 4 5 6 7 3UTR

EGFR Siglec-E

Piece of gel

1500 |
1200
1000 -
500
300
200
100
50

(bp)

\/

Extra Band
Target Band

Template: Genome

Siglec-E
M S N Pick up Pick up
Vortex
Extra Band
d C re-PCR (re-amplification) )
Band (EGFR) Band (Siglec-E)

Target Band M 1 2 3 a4 M5 6 N

Template: cDNA

Fig. 1 Gene structure and each steps of this method

a. Upper: Genomic structure of EGFR gene on human chromosome 7. The EGFR gene consist of 28 exons
spanning 192.6 kb of genomic DNA. The position of primers is indicated by arrows above the introns. The PCR
product is 293 bp. Lower: A schematic representation of the 1.8 kb mouse Siglec-E ¢cDNA. The primers are
indicated by arrows above the exon 4 and 5. The PCR product is 124 bp.

b. Agarose gel electropherogram of EGFR and Siglec-E gene. Upper: EGFR: target and extra bands, 293 bp and ca.
600 bp respectively, were observed on Lane S1 and S2. Lower: Siglec-E: target and extra bands, 124 bp and ca.
1,000 bp respectively, were observed on Lane S3. M: 50 bp Ladder Marker. N: Negative control (no-DNA).

. Image of gel pick-up and vortex elution. It is shown the low voltage electropherogram (left image) and removed
gel with PCR band (right image). Each band were numbered 1-4 (EGFR), 5 and 6 (Sigec E). The collected gel
piece on tip and microtube with TE solution for vortex elution.

d. Electropherograms of re-PCR. (EGFR) The band 1, 3 and 2, 4 lanes were observed single band, 293 bp and ca.

600 bp respectively. (Siglec-E) The band 5 and 6 lanes were observed 124 bp and ca. 1,000 bp. M: 50 bp Ladder
Marker. N: Negative control (no-DNA).
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( Sequencing data of some PCR products )

LR LA
12348

644
552
460
368
276
184

b Band 1 (EGFR)

G GC _C IC TCCG GCC c GG TCCTrcCe ICGTGAGTTITICTGECT TTIGE T
21 129 13 145 153 - pesdeda o WP m———Tm—

1662 Exon 19 Intron 19
1385

Homo sapiens chromosome 7, GRCh38.p12 Primary Assembly
Sequence ID: NC_000007.14 Length: 159345973 Number of Matches: 1

Range 1: 55174780 to 55174838 GenBank Graphics

Score Expect Identities Gaps Strand
110 bits(59) 9e-23 59/59(100%) 0/59(0%) Plus/Plus

Sy T LT L L LT T
Sbjct 55174780 GAGAAGCAACATCTCCGAAAGCCAACAAGGAAATCCTCGATGTGAGTTTCTGCTTTGCT 5517483

C Band 2 (EGFR)

TCTGGT G TATCY G TG cCrcrer ITG GACGTIAT TCCTGTC TIGGEGTY CATCC
7 (1] n n " " 105 113

2862
2385
1908
1431

Fig. 2 Sequencing analysis and homology search of EGFR gene

a. Sequence data of some PCR products observed in the Siglec-E gene. Two signals were detected in one
waveform.

b. Upper: Sequence of band 1 “target product of EGFR gene”. The exon 19 and introns 19 are indicated by full and
dotted line, respectively. Lower: Result of BLAST Search is shown. The sequence exhibits very high homology
with RefSeqGene of EGFR gene (NG_007726.3).

c. Sequence data of band 2 “extra product of EGFR" . Upper: These waveforms were complicated peak and low
signal intensity. Lower: Result of BLAST search was no significant similarity for whole human genome and
recorded genes.
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da Band 5 (Siglec-E)

)

Exon 4

1158
95
772
579
386
193

Mus musculus sialic acid binding Ig-like lectin E (Siglece), mRNA
S ID: NM_031181.2 Length: 1849 Number of Matches: 1

Range 1: 1023 to 1082 GenBank Graphics

Score Expect Identities Gaps Strand
111 bits(60) 2e-23 60/60(100%) 0/60(0%) Plus/Plus
Query 1 AA TGTCTCCACAGAGC. TGAAATGATGATG

[ II |I||I|II|II|II[I||I|II|I||III||II|I|IIII||I|IIIII|I

Sbjct 1023 CAA

b Band 6 (Siglec-E)

129 137 145 161 169

Intron 4

Mus musculus strain C57BL/6J chromosome 7, GRCm38.p6 C57BL/6J
Sequence ID: NC_000073.6 Length: 145441459 Number of Matches: 1

Range 1: 43656733 to 43656792 GenBank Graphics

Score Expect Identities Gaps Strand
111 bits(60) 2e-23 60/60(100%) 0/60(0%) Plus/Plus
Query
IIIIIIIIIIIIII||I|I|lIIIIII|I|I||IIIII||III|HIIII||I|I|l|||
Sbjct 43656733 CCGGGE TTTGT 43656792

C w=xwxx  ("Direct sequencing data of eluted PCR product )

12345

623
534
445

267

Fig. 3 Sequencing analysis and homology search of Siglec-E gene

a. Upper: Sequence data of band 5 “target product of Siglec-E gene”. The exon 4 and 5 were indicated by solid line.
Lower: As a result of the BLAST Search, the sequence exhibits high homology with Siglec-E mRNA reference
sequence (XM_006541318.3).

b. Upper: Sequence of band 6 “extra product of Siglec-E”. A part of the intron 4 is shown by solid line. Lower:
Result of BLAST search, the sequence exhibits high homology with genomic sequence of Siglec-E
(NC_000073.6) on chromosome 7.

c. Direct sequencing data of the eluted PCR products from gel “band 1 of EGFR”. The data of “no re-PCR” product

was miscellaneous and low signal intensity.
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3) Siglec-E

NV RSHRPCREM O Y —r vV AT =%
(Exon 4 £ Exon SO%EFLFHIE) % Fig. 3al/R 7,
fif 5t & L7z HE B Y OBLAST Search® i 5.
Siglec-EOmMRNADHII S 4L, HWWEW Th %
CEDHERR S T

NV R6IRD Y — 4 25— % (Intron 40
—#B) % Fig. 3bl27" 3o BLAST Search® 4.
<7 AT HRAARIVENL T B Siglec-EME LT D
7 LB DR S 7z, RNAHIHEE I o >
¥ I L7270/ LADNAHIROBIEEY TH 5 2
ESHIB L 72

4) BEHEBZEOPCREY

TV B & 72T R ODNAW T %
(YIRS EHRWT) BEEY T VA LT —
% % Fig. 3¢l d o HEEESNIE, ¥ ¥ e —
ZI2E %69, ML RIS Sz,

V. EZ

PCRIEIZ BT 5 IEFF R EMANRIET 5 >~
TNak Y= AT B L, Fig. 2allmd L) 12
12DWIN2DU DY 7 F uhsipi &, 1
ERFN A REST DL ENTERV, ZAUIxL
KL TIE, HEOPCREM %L —r v AT 5
fHHEOFIE (O @OEL OFEIE @
WREFF OFE] Bl _7z, FHRICEE LR
4> MEVOERBREIC B A BRIKE 2 IRET -
EFR (20 V. 14If) TITH) & Th b, 1@
HOBRSKKE (100 V. 259) THEET L&, 1
KONV FEREY 727y T L2 TR0, B
WIET 2L, bITRONY P2 TEXTL
T L) HEEIZR 572 (Data not shown)o
. WIRCIRAEcETnTh, 1L
TG HECTE TR WPCREW DK /N RAD
IRAEAEIN & & 2 5, KEE TR 2 2019 ¢
DNAZ W - { ) B S &2 LE D H o720 &
7z IV HPCREY (DNAWTH) %S 2
[EE27 T S B AC = RGN ) A A & e
134C — BRI E 22 E QW LE T+5Td
5720 EHICHEEMEEEZETIC. TV E
S 7-PCREWM ZEHE Y — 7 v A L72AN
FERHNOPEIIEES o7 (Fig. 3¢)o
., =7 235012t 5%7 7L —1

N

w (DNAWTH O5F8H) Tldaro/Z &Nt
EZ LN, HHMEEEL RSV PO—D2TH-
720

B8 U 7-PCREEW) % B & h D fE Z 2[R 2
T AARDLEL. H A O - FEEZ 05 K -
IR - H %, RAAICER S 5 D T
D—DL L TEZLNS,

V. #55E

PCRIUBERIZHEBADNN Y RO, F1 b
NV FORRERRIZVAS, BHHEOF v F R4
BRERIEDEMG SN TR WIEAIZBWT, Y
[T & B FHEE e Lo APEIEAREE -
R T ODNAW - O 75 BERVEDS L EETIE &
L, Wk EBEYLEEET. HHRE TR
BOPCRNN Y FOEHERY % RETE D, AL
MRRPERT 5 LT YA H—0HIN
YRERDH LD BT TAY—DOFEERPCRD
TSP VETIED HH, FN5 % ik
THILILHET2HERLRTFETHL LER
%o

A LN E S 2 5 (5)DFIEAH
=L
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