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DHPLC and Polymerase Chain Reaction
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Abstract

This paper focused on the detection of the genetically modified soybean (Glycine max L. MERRILL) samples
to search for the speedy analysis methods. We have identified the PCR (polymerase chain reaction) assay with
a newly developed technique called DHPLC (denaturing high performance liquid chromatography) to screen the
GMO in soybean. The DHPLC is its ability to directly detection specific sequences of DNA by using column.
With these characteristics. the DHPLC assay had the advantage of simplicity, rapidty could obtam result within
20 minutes. Whereas 15x10™ ng/iL concentration could be detected with the PCR analysis, 15x10° ng/il. concentration
could be detected with the DHPLC method. Therefore, DHPLC method was considered to be a simple, fast and
sensitivity screening method rather than PCR analysis for GMO detection in soybean.
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Table 1. Primer sequence sets used to amplify soybean for PCR

Sequence 5° — 3’ bp Pr;czlgct
NO - Fp1 GAA TCC TGT TGC CGG TCT TG 20 180 bp
NO - RP1 TTA TCC TAG TTT GCG CGC TA 20 180 bp
LEC - FPi ACC AAA TCC ACA CAT CGG AAT 21 288 bp
LEC - RP1 GAA GCA AAA GAC CAA GAAAGC A 22 28 bp

FTHELAHTL-E A EE MTCA 5 23+ F8 DNA
#238] MGAZ F(hot start) THA] 94TAA 30 3T
i 7+ A% (annealing), 72°Co 4] 45 23}F
417 (extension) TA|E 303] WHE3ta pRA| 2o 2 72T
A 3 &3t pEA e 417 (last extension)g A AT8HSA T PCRAE
< gHLe Z 20 pLo|™ 10X reaction buffer (100 mM
tris-HCl; pH 9.0, (NH4)2S0s, 20 mM MgCl,, PCR enhancers)
2 pL, 10 mM dNTP mix (2.5 mM each.) 2 ylL, forward and
reverse primer (10 pmole/uL each.) 2 UL, Tag. polymerase(5
U/uL) 0.1 pL, template DNA (10 ng/ul) 1 pl, deionized
water 12.9 ILZ A5 ] 2lth. DNA ZZ< GeneAmp®
PCR System 2700 (Applied Biosystems, USA)E- o] -&-&{| A
DNAE ZZAA

Agrose gel ®7|d=0l o5t ZEMNZ ] Fol

PCR ZE2Hz9o] 81-S $5led 2%(w/v) agarose gelS
o|-&3}e] # 7] %A= (Mupid-a, Advance, Japan) & -2
skt

Agarose 2 g¥} 0.5X TBE (tris boric acid EDTA) =8
100 mL 4o 2% gel& Y& ¥ PCR 4HE 4 pLe} 6X
bromophenol blue (BPB) dye 0.8 ULE- 43014 geldl] loading
B}3L 100 VollA 258 Bt A7 AIATE 1 Fof gel S
ethidium bromide 2 108-7F S M&} oA 10 B3t =54
2 DNAS} A3s1#] %3t ethidium bromideS Ao o,
UV transilluminator 9]l agarose gelS 2% 3 PCR o3
g s,
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Size based DHPLC '#tHol| 2|t CfFo| RAXIY =

FAANEE To BAE Asto] IR 4ES 2|9
7 BA L ANA &m, ek DHPLC (WAVE®
SYSTEM, Transgenomic, USA)E A}&-3}o] AZstiu).

DHPLCe| A8+ A2 DNA Sep column, non-
porous poly(styren-divinyl-benzene) particleS A}-8-3} 2,
mobile phase= buffer A9} (0.1IM tryethylamonium acetate
(TEAA) buffer B (0.IM TEAA, 25% acetonitrile)Z A}-8-3}
sk

AU ARYH 2589 oA AT Felep
3l size standard (Trangenomic, USA)E 5 plA 39 =13}
of EAEATE o] F PR AHES A 8 2% 50T
olgde £EE 075 mLminZ do] 5 uL FY3)
WAVEMAKER™ software (Table 2)e] 2]3] 382 gradient
Z7o 2 EN3IH A, UV A&7 2 260 nmol|A A3l

o).

—_—

Table 2. Gradient condition of mobile phase in WAVEMAKER™
program

Step Time(min) %A %B

Loading 00 65 35
stepl(3.6min) 15 55 45
step2(3.6min) 30 45 55
step3(3.6min) 6.5 40 60
step4(3.6min) 100 35 65
step3(3.6min) 135 35 65
Start clean 150 0 100
Stop clean 165 0 100
Start equilibrate 175 65 35
Stop equilibrate 195 65 35

PCR W3 DHPLC 2o Xzt &

<] DNA(15 ng/uL)Z 1/10 9+ serial dilution 3}
PCR "'}#} DHPLC W8S A& HAEES 3 23, 7}7)e]
Aol A F=4 detection limit 2913} THTable 3, Fig.
3~Fig. 6).

Table 3. Comparison of the PCR with DHPLC

PCR DHPLC

Detection range 15 (ng/uL)~ISXI04(ng/uL) 15 (ng/pL)~15><10'5(ng/uL)
Running time 40 min (Electrophoresis) 20 min

Volume

20~25 yl SuL
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AE Fo| GM F5-2 =2lsl7| Y34 Table 19) primer
setsE Al-&-3lo] PCRE A A3t} Fig. 194 GM Z9]
73l WA 2212 Lectin £-%1<} ¥l =(288 bp)e} A=
g A1 NOS terminator 5712} W8 =(180 bp)7} 2215
A31(Fg. 1. lane 2), GM o] oPd Z-foll= A f-21710
Lectin -2 WR=REE 3918 4= QI QI th(Fig. 1, lane 3).
T A3 rAk el E Al 4 Al Eeh W] ajn
gAJot W= GM ol ofd Z o2 A EHATH3E-5).
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Fig. 1. Agarose gel electrophoresis of the GM soybean DNA PCR
product.

Lane 1: 100 bp DNA ladder (100 ng/ml).

Lane 2 : PCR product from the GM soybean (Lectin : 288 bp, NOS terminator : 180 bp).
Lane 3 : PCR product from the non GM soybean (Lectin : 274 bp).

Lane 4 : negative control.

DHPLC B3 DNA EdW o8 AZaA FA s}
1g-&clvt FAHA

=
T M2L Yo R PCR &S A7
&3 vl B4 5 glow, AR T 10~20 #o|H FAo|
7Festa 4 & dAztez 8d + 9i7) v
W EHI ARNE A 5 Sl HR BE AE Aol
AgEkE o] glof 24 Aae] Adol wrta B S

A A& AXA %2 PCR AHES A5 Al 85U
o 28l syringeol] o3 Ao FUH ] H A3 o] F
Ae] gradientz El3lH DNA ©rH o] =17] 2}o]d] 23]
g34E AEd F YAk

A ALY QAT 0|5 58 A els)
7] 91314 size standardE 5 LA 391 FY3le] A5k
1 F PCR A EA3H o529 GM o5& glsignt
(Fig. 2). 71 B3} PCR i< 53 239} 2L 3392
2E F U
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Fig. 2. Sizing of GM soybean samples by DHPLC analysis.

(a) Glycine max L. MERRILL-black soybean (Korea).

(b) Glycine max L. MERRILL-yellow soybean (Korea).

(¢) Glycine max L. MERRILL-yellow soybea (Russia).

(d) Glycine max L. MERRILL-yellow soybea (USA).

(e} Sizing control*.

*Fragment sizes: basepairs (bp) 80, 102, 174, 257, 267, 298, 434, 458, 587.

PCR %' DHPLC @hHe] Mzt 2

8 Fo| DNA(IS ng/uil)E 1/10 T+ serial dilution 5}
PCR *'¥¥} DHPLC S A& g AEE 3 A3}, PCRY}
oA 15 nghll ©] 10°9) DNA F5712] EA5g] o
DHPLCS] - 15 nghl 9} 10° ¥ =5 #4% 4 99ck
(Table 3, Fig. 3~Fig. 6 ).

Fig. 3. Concentration detection of GM soybean samples by PCR
analysis.

(@ : Marker, (b) : 15 (ng/ul), (c)

15%107 ng/uL
() : 15<10°mgfuL), () -

- 15x10%ng/ul),
15x10°(ngful), (

ISXIO ng/uL

Fig. 4. Concentration detection of non GM soybean samples by
PCR analysis.

(a) : Markerj 115 (ng/uL)

: 15%10" (ng/ul), (@ : 15x10 *(ng/uL),
&) © 15x107( ng/uL),

15x10 ng/uL (@) : 15x10°(ngfyuL).

JAF FANNZY B 4E 91

Fig. 5. Concentration detection of GM soybean samples by DHPLC
analysis.

(@) : Sizing oontrol* ©) 15 (agl), (© - 15x10";ng/pL), @ : 15x10%nghil), ()
15%10°( (ngful), ( - 150 (ng/ul), (g) © 15x10°(ng/ul).

*Fragment sizes: basepaus(bp) 80, 102, 174, 257, 267, 298, 434, 458, 587.

Fig. 6. Concentration detection of non GM soybean samples by
DHPLC analysis.

(@ : Slzmg conuol* 15 (nghtL), () : 1510 5(ng/uL (d : 15x10% (ng/ul), (e) -
15x10° (ng/uL) 1SXIO (ng/uIL), g) 15x10°(ng/pL).
*Fragment sizes: basepans bp) 80, 102, 174, 257, 267, 298, 434, 458, 587.
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bp 288 bp)e 550 o:} 713‘% A ]% % 45‘}'93\‘:]’. -?r%ﬂ_Z]—ZH
Z3 sAES aAH R 42T F 9l S ELISAY
PCR Wiolt}. &}A] 5t ELISAE & 7H=7} PCRej H] 3|
w231 gofl ok vl AAd7ER] vebd ¢ o] Al 7
=] AV 2 F UTHO-11).

PCR "2 ELISA *Iiol] v]a) wax 7 ste] go

ol ¥ 3 YT Ar|dE oz A2 AU} Qo] A7}
i ek et HE 345 59 4 9 DHPLC WS
ALt} 1 23 PCRYPH A = 15 ng/ule] 10
7 #&% 4 U3, DHPLC 3y ;: 15 ng/uLe]
10° 5717 A% & 4 Ak md A &g v e
A7} PCR W& A7 10354 71‘47}6%7% QAN
DHPLC ¥PHE 203 cle] AFE 3Holdt 4= 9l9ith.

SAAAN 2 Fo] HE WE o2 PCR W ¥ DHPLC
Wio] BE AMS7bs SRAINE 4214433 7%= DHPLC
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= FAHA.

A Ll =9 w7t S7td By ot
B BE 37 ol At o] ofoiAm glu &
A Fom Az WY sabEel Sol fxz

=3
& o] 83 }04 gohd Zolth
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B gps o
(Glycine max L. MERRILL)®| 7 3o w231
7leE 28] 913l 4= 9ict. 71E9] PCR (polymerase
chain reaction) {3 A2 MHH o2 A|TE¥E DHPLC
(denaturing high performance liquid chromatography) HHH o
2 FAAAEY 3% $39I0k DHPLC #2 7)29
PCRYH A H7]gFe] W tlal AHE o] gsto]
A ok WFol] BAAIE 60kl A 20808 &
SA1Z 4 9tk AEIAE PCRYPH A E 15 ng/ule]
10° ¥577) 2% 4 9913, DHPLC ¥ho g 15
ngiLe) 10° 57k4) A% & % 99ich wheby SaAA)
5 % G2 DHPLC Aol PR At o
23 HE BaAQ U E 3

R4 A} 2} 2 §H(genetically modified, GM) Z-
ATt E2

B AFE 2007dE wRQA APR B
T3 ABAY A7Hle] olajel S8 gow
gyt
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