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Abstracts
Direct Amplification from Various Biospecimens

Using a Novel PCR Buffer System

Young Geun Yang
Dept. of Biochemistry
The Graduate School

Yonsei University

Polymerase chain reaction (PCR) using DNA fromosibiospecimens, such
as blood, plant, tissue, etc, is a valuable todghin field of molecular biology and
medical diagnostics. However, DNA isolation fronodpecimens is a laborious and
sample-consuming step, and hampers the automdtid@R for large-scale studies.
And attempt to PCR from biospecimens without DNAlasion is not achieved,
since numerous endogenous and exogenous constitmatinhibit PCR. We used
a novel buffer system, ‘AnyDirect’ that conservee enzymatic activity of DNA
polymerases for effective use in direct PCR fromspecimens under various
conditions

Using AnyDirect, DNA amplification was achieved finowhole blood with a
variety of thermostable DNA polymerases. Amplifioat occurred regardless of
target size (up to 1.7 kb), presence of varioussknBCR inhibitors, and high target

GC content. Importantly, low copy humber DNA tasye/ere effectively amplified
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from whole blood.

The downstream procedures from direct PCR usingDitegt were examined
with various apolipoprotein E (apo E) genotypingtimoels such as sequencing,
SNaPshot assay, PCR- restriction fragment lengtlynpmphism (RFLP), and
allele-specific (AS)-PCR. In this study, we havecatieveloped a new genotyping
method for apo E. Our multiplex tetra-primer amipéfion refractory mutation
system (multiplex T-ARMS) PCR was performed in@gi reaction tube and gave
definitive electropherograms at each genotypes.ndgJsAnyDirect solution,
multiplex T-ARMS PCR for apo E genotyping from wadidlood is a simple, rapid,
and accurate method that requires only a single P&Rtion without DNA
extraction and any another treatments or expemssteumentation.

The extraction of PCR-compatible genomic DNA froighter plants requires
complicated and tedious work because plant celle higid cell walls and contain
various endogenous PCR inhibitors such as polygleecompounds. Therefore, we
developed a simple lysis system that can give tisan appropriate template for
direct PCR with AnyDirect solution, making the diteamplification of DNA
fragments from plant leaves possible.

Our experimental procedure provides a simple, coieve, non-hazardous,
non-expensive, and rapid process for DNA amplifa@afrom various biospecimens.
And our AnyDirect solution allows direct PCR fronhale blood and may facilitate
detection of genetic diseases or infections by ialtng the time and effort for
DNA extraction. The use of AnyDirect could facilikathe development of high-
throughput PCR for large-scale diagnostic screemingnvestigation of various

medical conditions. And this method may be appliedbr use with lab-on-a-chip

X



and bio-MEMS technology.

Keywords: AnyDirect; PCR; Direct PCR; Thermostable DNA Pobnaise; Whole
Blood; Arabidopsis; Apolipoprotein E; SNP; SequaggiMultiplex T-ARMS-PCR,;

AS-PCR; PCR-RFLP; SNaPshot



I. A novel buffer system, AnyDirect, can improve ptymerase chain
reaction from whole blood without DNA isolation

1. Introduction

Nucleic acid amplification is a powerful and usefublecular biological method
in the field ofin vitro diagnostics. PCR using whole blood as the soufreetemplate
can be applied to identify polymorphisms and gameterlying genetic diseases, or to
detect microbial infections such as the hepatitigrBs. Until recently, highly purified
template DNA has been required for gene amplificgtisince biospecimens and
whole blood contain numerous inhibitors of PCR hsas hemin (Akanet al., 1994),
immunoglobin G (Abu Al-Soudtt al., 2000), bile salts, other unknown inhibitors
(Abu Al-Soud and Radstrom, 2001), and anticoagsléBatsanggt al., 1994). These
agents suppress PCR by decreasing the activityN#& Polymerases. Therefore, the
amplification of template DNA that is not purifiécdbm whole blood or biospecimens
is inefficient, and it is difficult to obtain valicesults.

Many researchers have attempted to develop diré& Protocols that do not
require DNA isolation for the following reasons: tihe savings, 2) convenience, 3)
avoidance of infection in sample handlers, 4) pndea of loss of trace samples in
the DNA purification step, and 5) potential autoroatfor large-scale diagnosis.

The simple salting out procedure was the firstraptteat rapid DNA purification
(Miller et al., 1988), and pretreatment of whole blood with Hgrcieret al., 1990),
microwave (Cheyrowet al., 1991), or formamide (Panaccéb al., 1993) has been
attempted to obtain target amplicons. However, géhe®thods failed to generate

successful results compared to PCR with isolatedADNther methods involve



alterations in salt and Mgglconcentrations (Burckhardt, 1994), the addition of
single-strand DNA binding proteins such as T4 g8Beprotein (gp32) (Kreader,
1996), and replacement of Tag DNA polymerase withDNA polymerase (Panaccio
et al., 1993). Al-Soud et al. (Abu Al-Soud and Radstr@®00) reported that specific
molecules such as betaine, gp32, bovine serum atb(yBSA), and proteinase
inhibitors facilitate nucleic acid amplification, @v in the presence of PCR blockers.
Unfortunately, these methods are limited with resge the amount of whole blood
required, and significant variations have been oleskin the data obtained. A simple
microchip device for DNA extraction has recentlebaleveloped, but its method also
requires a cell lysis step with proteinase K, asdrécovery of extracted DNA from
whole blood was only 27~40% (Nakagaetal., 2005).

Recently, Ampdirect solution (Shimadzu, Kyoto, Jgpavas developed to
facilitate PCR without DNA isolation. This reageig capable of suppressing
inhibition of PCR by biological substances, and samjuently, DNA from human
whole blood (Nishimuraet al., 2000; Nishimuraet al., 2002) and transgenic mice
blood (Nishimuraet al., 2002) has been successfully amplified. However,solution
was not effective when used with chemically modifieaq DNA polymerases such as
AmpliTaq Gold DNA polymerase (Applied Biosystemssker City, CA, USA) and
HotStarTaq DNA polymerase (Qiagen, Hilden, Germasiyjce their activities were
not recovered (Nishimurat al., 2000). Moreover, GC-rich regions could not be
amplified (Nishimuraet al., 2000). The issue of whether this buffer is aglile to
other thermostable DNA polymerases remains to tabkshed.

To efficiently perform direct PCR without DNA puhtion, we have developed



a novel reaction buffer, ‘AnyDirect’ solution (Bia@st, Seoul, Korea), and tested its
efficacy in various amplification conditions. Notgbthe solution suppressed strong
PCR inhibitors such as hemin, sodium dodecylsul{&PS) (Gelfand and White,
1990), and N,N,N’,N’-ethylenediaminetetaacetic a¢EDTA). Additionally, we
investigated amplification reactions using vari@mounts of whole blood, GC-rich
regions, various thermostable DNA polymerases, landcopy number templates in

the presence of AnyDirect.

2. Materials and Methods

2.1. Human whole blood and genomic DNA

Human whole blood was obtained from the Korean Redss Blood Center
(Seoul, Korea). Human genomic DNA was purchaseth fRromega (Madison, WI,

USA).

2.2. Amplification of p53, retinoblastoma, and apapoprotein E Genes

PCR procedures were performed according to stangtatdcols, with 0.2 mM
of each dNTP, 0..M of each primer, 1.5 U of thermostable DNA polyasss, and
whole blood or human genomic DNA as a template total volume of 5QuL. The
primers employed are described in Table 1, andimrabuffers were supplied by the
respective manufacturers (Applied Biosystems: 10 mi4-HCI (pH 8.3), 50 mM
KCI, 1.5 mM MgC}) or AnyDirect solution. For PCR of GC-rich regigrizetaine
(Sigma, St. Louis, MO, USA) was added at conceiainatof 0~2.5 M. The following

conditions were employed: incubation for 5 min 4t°€, denaturation at 94 °C for 30



s, annealing at 60 °C for 30 s, extension at 720tCLfmin for 40 cycles, and a final
extension step at 72 °C for 7 min. Amplicons weesotved by 2% agarose gel
electrophoresis, and stained with ethidium brom{@é mg/L). Reactions were
incubated with hot-start DNA polymerases such aspifaq Gold, FastStart Taq
(Roche Applied Science, Mannheim, Germany), andstdoTagq DNA polymerase for

15 min at 95 °C to recover enzyme activity prioP©OR.

2.3. Tolerance tests

PCR was performed according to standard protoaslag human genomic DNA
(10 ng) as the template with or without inhibitansa 50uL reaction volume. For
amplification, 1.5 U of AmpliTag DNA polymerase (pled Biosystems) and 0,8V
of primers (p53f1 and p53rl) were employed. GenBf@aR reaction buffer (Applied
Biosystems) or AnyDirect solution was used, andikinbrs were added at the
following concentrations: 0~3 mM hemin (Fluka ChemiGmbH, Buches,
Switzerland), 0~0.1 % SDS (Sigma), or 0~2 mM EDTigfa). Products were

amplified as described above.

2.4. Amplification of p53 with various thermostableDNA polymerases

Amplification of the p53 gene was performed witl2 @M of each dNTP, 0.5
uM of each primer (p53fl and p53r2), 1.5 U of vasothermostable DNA
polymerases, and 1L of heparinized blood as the source of the terepiata total
volume of 50uL, and reaction buffers were supplied by the respeenanufacturers

or AnyDirect solution. The following DNA polymerasewvere examined in our



experiments: 1) enzymes from other thermophili@agms [Pfu (Stratagene, La Jolla,
CA, USA), Pwo (Roche Applied Science) and Tth DN#lymerase (Roche Applied
Science)], 2) Tag DNA polymerases purchased frompliag Biosystems, Qiagen,
Roche Applied Science, Invitrogen (California, US#jd Promega, 3) Blended DNA
polymerase [EX Tag DNA polymerase (Takara Bio, Shigapan)], 4) Chemically
modified Tag DNA polymerase [AmpliTag Gold, HotStaq, and FastStart Tag DNA
polymerase], and 5) temperature-dependent hot-stay DNA polymerase
[HotMaster Tag DNA polymerase (Eppendorf AG, HanghuBermany)]. Products

were amplified as described above.

2.5. Amplification of human immunodeficiency virustype-1 (HIV-1) plasmid
DNA

Low copy HIV-1 DNA (Birchet al., 1996) was amplified from plasmid DNA that
contained the entire genome of the HIVZ6 isolatar(lét al., 1990) (GeneAmplimer
HIV-1 control reagents from Applied Biosystems).r Ebese experiments, 2.5 U of
AmpliTaq Gold DNA polymerase and various copiedid¥-1 plasmid DNA in 1uL
heparinized blood or 20 copies of HIV-1 plasmid DNA different volumes of
heparinized blood were added, along with SK145 @Kd31 primers (0.;WM each),
0.2 mM dNTP mixture, 2.5 mM Mggland AnyDirect solution in a total volume of
50 pL. HIV-1 amplification was initiated at 95 °C fo51min, followed by 50 cycles
of denaturation at 94 °C for 30 s, annealing anéresion at 60 °C for 1 min, and a
final extension step at 60 °C for 10 min. Amplicamare resolved by 2% agarose gel

electrophoresis treated with ethidium bromide (@diL).



3. Results
3.1. AnyDirect can improve PCR amplification in the presence of PCR
inhibitors.

It is known that hemin, SDS, and EDTA inhibit PCRification of DNA (Abu
Al-Soud and Radstrom, 2001; Akadeal., 1994; Gelfand and White, 1990). In order
to test whether AnyDirect can suppress the negatifert of these inhibitors, PCR
was performed using genomic DNA and AnyDirect amagercially available general
PCR buffer (Figure 1). Compared to general PCRdouffnyDirect was able to
amplify the DNA in the presence of various concatibns of inhibitors. The
AnyDirect solution showetblerance against up to 0.75 mM hemin and 0.0252% S
(Figure 1A), whereas the general, commercially laléé PCR reaction buffers failed
to work in the presence of low concentrations dhkinhibitors (0.1875 mM of hemin
and 0.006 % of SDS) (Figure 1B). AnyDirect solut@mmd general PCR buffer were
comparable in term of the effect of EDTA (0.5 mMgure 1), although the vyield of
the PCR product was severely reduced with genexféih but not with AnyDirect.
These data show that AnyDirect can suppress thbiiaty effect of hemin, SDS, and

EDTA on PCR amplification from genomic DNA.

3.2. AnyDirect can support amplification of GC-rich region as well as target
sequencing unto 1.7kb from anticoagulant treated wiie blood.
To determine whether AnyDirect solution can effeelly enhance PCR from

whole blood without DNA isolation, we examined tbifects of this reagent on p53



amplification from varying volumes of anticoaguldrdated blood. Human genomic
DNA and general PCR reaction buffer were employggasitive controls for PCR.
Amplicons for p53 were obtained using a maximunukaé of 10uL of EDTA-blood,

5 uL of citrated blood, and 2.pL of heparinized blood in a total reaction volunfe o
50 uL (Figure 2).

To determine the effects of AnyDirect solution twe size of the PCR product,
we designed seven p53-specific primers (Table OR Broducts of various sizes,
ranging from 146 bp to 1,702 bp, were obtainedyfd). Amplification from human
genomic DNA with general PCR reaction buffer prosth@rtifactual smears, with
considerably weaker (lanes 2 and 6) or nonspe(dites 4 and 8) bands. However,
except for lanes 2 and 6, a single PCR product ifiected size was amplified from
whole blood samples in the presence of AnyDire@item. We cannot fully explain
the reasons that we were able to perform effediwplification from whole blood
compared to genomic DNA, but it is possible that ithitial heating step contributes
to the amplification process. Specifically, thetiali annealing step is performed at
elevated temperatures following the reduction afapecific product formation. Thus,
AnyDirect solution may mimic hot-start effects IfCR, leading to effective target
amplification.

Templates with high GC content are difficult to difiyp due to strong bond
stability between GC base pairs and formation @bsdary structures within each
strand before annealing between specific templiadés sind primers (Chevet al.,
1995; Henkeet al., 1997; Sunet al., 1993). High GC content generally induces

inefficient annealing and incomplete extension ®RP Negative effects of GC-rich



templates on PCR can be suppressed with additiveB as dimethyl sulfoxide
(DMSO) (Sunet al., 1993), tetramethylammonium chloride (Cheeedl., 1995), or
betaine (Henket al., 1997). In fact, it is possible to amplify a gemigh up to 75%
GC content in the presence of betaine in a PCRtienluAs expected, AnyDirect
solution successfully stimulated the amplificatioa GC-rich DNA sequences,
retinoblastoma genes (Bookst&inal., 1990), and apolipoprotein E genes (@al.,
2000) from heparinized blood, even in the presafcaver 1 M betaine (Figure 4).
The above data show that AnyDirect is suitabletieramplification of GC-rich genes
as well as large target DNA sequences from whotedlwithout isolation of the

DNA.

3.3. AnyDirect can support PCR amplification by vaious thermostable DNA
polymerases and support amplification of HIV-1 DNAfrom whole blood.

Numerous thermostable DNA polymerases, originalbtated from thermophilic
organisms, are now commercially available. Thesgmetases have been mutated
and modified to further improve function or to attamew functions. Diverse buffer
systems for PCR have also been developed by manuyfa@urers, although some
companies do not divulge the compositions of thsgiecific reaction buffers. As
shown in Figure 5, various thermostable DNA polyasess successfully facilitate
direct amplification of p53 target genes fronpll of whole blood in the presence of
AnyDirect solution (Figure 5, even number lane)widver, these DNA polymerases
failed to amplify the p53 gene with reaction buffesupplied from manufacturers

when 1puL of whole blood was employed to obtain a PCR texteplFigure 5, odd



number lanes). Our results clearly show that AngE&lirsolution is an innovative
reagent that stimulates thermostable DNA polymerastivity to amplify DNA
directly from whole blood.

Forinvitro diagnostic application of PCR to detect infectioisroorganisms, it
is necessary to perform efficient gene amplificatiof templates with low copy
numbers (Kellogget al., 1994). Hot-start PCR with DNA purified from whabdood
is generally applied for the identification of iof®us diseases. Thus, direct
amplification of low copy number templates in whbleod with AnyDirect solution
would be quite advantageous. To test this postipilie mixed various copy numbers
of HIV-1 plasmid DNA with heparinized blood, andeatpted to amplify these genes
with AmpliTag Gold DNA polymerase in AnyDirect stilon. As few as ten copies of
HIV-1 plasmid in 1uL heparinized blood as the PCR template were aieglifo
produce 142 bp amplicons (Figure 6). Next, we eraunhithe effects of the amount of
heparinized blood on amplification of a low copymher of HIV-1 DNA. In these
experiments, 20 copies of HIV-1 plasmid DNA wereaassfully amplified using 3
pL heparinized blood, whereas the yield of the PC&pct significantly decreased
when 4uL of heparinized blood was used. The data inditdae AnyDirect solution
is suitable for amplifying low copy number tempkia whole blood, although high

amounts of heparin inhibit the PCR, as shown iufé@ (Heparin blood pL).

4. Discussion
Numerous compounds, including as hemin (Akaheal., 1994), bile salts,

immunoglobin G (Abu Al-Soudt al., 2000), proteinase and DNase, anticoagulants



(including EDTA (Abu Al-Soud and Radstrom, 2001 dareparin (Abu Al-Soud and
Radstrom, 2001; Satsangial., 1994)), and detergents for cell lysis (includ®DS
(Gelfand and White, 1990)), inhibit PCR. Failurestoninate these compounds in the
DNA purification step contributes to poor PCR résubith purified DNA. Using our
novel buffer system (AnyDirect), higher tolerancaswobserved against hemin and
SDS compared to commercially available buffers ({Fégl). AnyDirect solution was
successfully applied for the amplification of targenes from whole blood samples
(Figure 2 and 3), such as those with GC-rich regjigffigure 4) or low copy nhumber
(Figure 6). Along with Tag DNA polymerases providey several manufacturers,
AnyDirect is effective for use with thermostable BNbolymerases isolated from
other thermophiles, and modified or mutated Taq Oiélymerase (Figure 5).

Direct PCR from biospecimens or whole blood willokéh a number of the
existing problems of DNA purification, includingriger reaction times, high cost,
exposure to toxic compounds, danger of infectioss lof trace samples, and difficulty
of control in mass samples. Additionally, it is pitde to perform direct amplification
from low copy number DNA in whole blood with a h&tart enzyme, AmpliTaq Gold
DNA polymerase (Figure 6). Another significant adtzge of direct PCR is the hot-
start effect, as described in Figure 3. Thus, Amg€lican be applied in the detection
of infectious microorganisms througmvitro diagnosis. Our data collectively indicate
that direct PCR with AnyDirect may generate higtetighput results for large-scale
diagnosis (Csako, 2006) or investigation of variowedical conditions (Hiratsuket
al., 2006); this method may be applicable for use wéh-on-a-chip technology

(Kricka, 2001).
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II. Apolipoprotein E genotyping from whole blood canbe achieved
with direct sequencing, SNaPshot multiplex, PCR-RFLPAS-
PCR, and multiplex T-ARMS PCR

1. Introduction

Human apolipoprotein E (apo E), a component ofipteins, is a 34 kDa
glycoprotein synthesized mainly in the liver thaays a central role in lipid
metabolism and transportation (Mahley, 1988). Tpe B gene is polymorphic with
three common alleles, designatedeas, €3, ande4 (Daset al., 1985). These genes
encode three apo E protein isoforms, E2 (Cys112/&8)s E3 (Cys112/Arg158) and
E4 (Argl12/Argl58), that differ by cysteine-argiaimterchanges at sites 112 and 158
in the polypeptide chain (Table 4) (Emti al., 1988; Utermanret al., 1980). The
common apo E isoforms exhibit variations in stroetand function and are involved
in several pathological processes (Mahley and Rall,2000). The familiar type llI
hyperlipoproteinemia may progress from the apo E2kbform (Breslowet al.,
1982), while the apo E4/E4 isoform is associatech witgh cholesterol levels,
coronary artery disease (Mengethl., 1983), and Alzheimer’s disease (Mayetial.,
1998; Rosest al., 1994). Thus, various analytical methods have lamloped to
identify apo E polymorphisms.

The phenotyping method, isoelectric focusing, isdoon the charge difference
(pl) of apo E polypeptides and is conducted witimhn plasma and serum (Cartier
and Sassolas, 1992). However, isoelectric focusing very complicated procedure
that requires considerable expertise. On the dtlaed, the genotyping method to

identify genetic differences in the apo E genomémuence (single nucleotide

11



polymorphism, SNP) is a simpler and more accurathad than isoelectric focusing.
One of the early methods of genotyping, PCR restric fragment length

polymorphism (RFLP) analysis (Hixson and Vernie®9Q; Wu et al., 2000), has

several disadvantages such as the requiremenggtiation endonuclease, the time-
consuming process, and the use of acrylamide gededatify the results. Other

genotyping methods include real-time PCR analydlautk et al., 2000), mass

spectrometry (Ghebraniougt al., 2005; Srinivasaret al., 1998), and single base
extension genotyping technology (SNaPshot) (Ben etvdl., 2004). However, the

cost of these methods is high because they eadhireegxpensive reagents or
instruments. Only allele-specific PCR (AS-PCR) (Dboe et al., 1999) does not

require post-PCR treatment or instrumentation, twb reactions must still be

performed to amplify the two different alleles o$iagle SNP.

Recently, T-ARMS PCR involving a single reaction atsingle SNP was
developed (Hersberget al., 2000; Liuet al., 1997; Yeet al., 2001), and Piccioli et al.
reported that a single T-ARMS PCR procedure waficirit for the detection of two
different mutations in the MUTYH gene (Piccietial., 2006). However, because the
two SNPs of apo E gene are only 138 nucleotidegt ganBank M10065) unlike the
MUTYH mutations, which are 646~1,247 nucleotideargpPiccioli’'s method is not
particularly attractive for apo E genotyping. THere, we have designed a new
multiplex T-ARMS PCR procedure that is performedigingle-tube reaction (Table4
and Figure 7), using specific T-ARMS primers (TaBland Figure 8).

These methods for apo E genotyping are used clyiemd gave a faithful result,

but researcher must extract clean DNA from biospens to obtain accurate

12



genotyping results. If one does not obtain pure Cfi¥n samples or have only the
trace sample not to isolate DNA, you do not obticurate result whether or not
your method are excellent. We have developed alrmmaktail solution, AnyDirect
solution that is efficiently performed direct PCRtlwout DNA purification. This
solution is capable of suppressing inhibition ofRPBYy strong PCR inhibitors and is
effective of GC-rich region, various thermostablblApolymerases, and low copy
number templates in PCR (Chapter I).

Because direct PCR with AnyDirect is DNA amplifiget without DNA
isolation, the removal of inconvenience of carrymg DNA isolation such as time-
consuming, labor-intensive, high-cost, use of hézaaterials, loss of target DNA,
and contamination, is provided more simple, conmetiand rapid method. Thus, we
attempted to use AnyDirect for apo E genotypinghwdirect sequencing, mini-

sequencing, PCR-RFLP, AS-PCR, and new developetiphexI T-ARMS PCR.

2. Materials and Methods

2.1. Human whole blood and genomic DNA

Human whole blood was obtained from the Korean Reoss Blood Center.
Genomic DNA was extracted from 0.2 mL of human whioloods by QlAamp DNA

Blood mini kit (Qiagen).

2.2. Direct sequencing from genomic DNA and wholeldiod

PCR reaction was performed with 20 ng genomic DRA&,uM of FO and RO

primers (Table 3), 0.2 mM of dNTP mixture, 0.75 naflbetaine, 1.5 mM of MgG|
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1.5 U of HotStarTag DNA polymerase and its reacbaffer (Qiagen) in total 2pL
reactions. But in blood, we used Ol of EDTA-blood and AnyDirect. The
amplification was carried out with an enzyme adtorastep for 15 min at 95 °C, and
followed by 40 cycles of 30 s at 94 °C for dendtiora 30 s at 66 °C for annealing
and 60 s at 72 °C for extension, and then finaémsion for 7 min at 72 °C. This
amplicon of 514 bp was identified with 2 % agaresel then 2QuL amplicon was
diafiltrated with 80uL dH,O using Centricon YM-100 membrane (Millipore, Billea,
MA, USA).

The sequencing was performed with B of retentate, 8uL of BigDye
Terminator v3.1, (Applied Biosystems) and @i of the same PCR primer in a 20
pL reaction. The sequencing reaction was 25 cyd@& 3C for 10 s, and 60 °C for 4
min. After sequencing reaction, the unused reaatdorponents were removed with
ethanol precipitation. Sequencing data were obthifrem ABI 3100 Genetic

Analyzer and analyzed by Sequencer 3.1.1. Soft{#gplied Biosystems).

2.3. Apo E genotyping by minisequencing (SNaPshotuttiplex) from DNA
and whole blood
PCR reaction was performed with the same methott ditect sequencing
reaction as above. The amplicon of 514 bp was ifithiwith 2 % agarose and then
carried out enzymatic clean-up with ExoSAP-IT (USBeveland, Ohio, USA). Five
pL amplicon was incubated with 2 U of ExoSAP-IT fre¥ min at 37 °C, followed
by 15 min at 80 °C. The SNaPshot reaction was pagd with 1ulL of cleaning

amplicon, 5uL of SNaPshot multiplex mix containing fluorescéabeled dideoxy-
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NTPs (Applied biosystems), and Qu® of SP-112 or SP-158 primers (Table 3) in 10
pL reaction. The minisequencing reaction was 25eas/of 96 °C for 10 s, 50 °C for 5
s, and 60 °C for 30 s. After reaction the unincoaped fluorescent labeled dideoxy-
NTPs were removed by treating with 1 U of shrimigalihe phosphatase (Fermentas,
Hanover, MD, USA) and incubating at 37 °C for 30 pfiollowed at 85 °C for 15 min
for enzyme inactivation. To analyze this SNaPshodpct with ABI 3100 Genetic
Analyzer, 1uL of reaction product with QL of formamide (Sigma) was loaded, run
using POP4 polymer (Applied Biosystems) and anayzsing the Genescan

(version3.1) software (Applied Biosystems).

2.4. Apo E genotyping by PCR-RFLP from DNA and wha blood

ApoE genotyping with PCR-RFLP was performed PCR faidwed treatment
with Hhal restriction endonuclease (NEB, Ipswichlh MUSA) (Wuet al., 2000). PCR
was performed with 100 ng genomic DNA qil1IEDTA-blood, 0.5uM of apoEfl
and apoErl primers (Table 1), 20 of dNTP mixture, 1 M of betaine, 2 mM of
MgCl,, 2.5 U of Taq DNA polymerase (BioQuest), and rigacbuffer or AnyDirect
in 50 uL reaction. The amplification was initiated at 95 for 2 min, followed by 45
cycles of 95 °C for 30 s, 68 °C for 30 s and 7X6€C30 s, and then final extension at
72 °C for 7 min in human DNA. But in EDTA-blood,gtamplification was 95 °C for
10 min, followed by 50 cycles of 95 °C for 30 s, %8 for 30 s and 72 °C for 60 s,
and then final extension at 72 °C for 7 min. Theuteéng PCR products (20L) were
treated with 5 U Hhal for 3 hours. The restrictifitagments were identified with

12.5 % discontinuous polyacrylamide gel electropbiw (Haaset al., 1994), and
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stained with ethidium bromide (0.5 mg/L).

2.5. Apo E genotyping by AS-PCR from DNA and wholélood

ApoE genotyping with AS-PCR (Donohag al., 1999) was performed with
specific primers Cys primers (Cys112 and Cys158Bhens, Arg primers (Arg112 and
Arg158) and common reverse primer, AS-R (TableTBe PCR protocol was similar
to that described above except that 20 ng genorid br 0.5 uL EDTA-blood, 0.4
uM of Cys primers or Arg primers, and O AS-R primer were used in 2Bl
reaction. PCR was initiated denaturation at 956:C2fmin, amplified by 35 cycles of
95 °C for 30 s, 62 °C for 30 s and 72 °C for 3@usd followed final extension at
72 °C for 7 min in DNA, but in blood, initiated d&turation at 94 °C for 10 min,
amplified by 40 cycles of 95 °C for 30 s, 62 °C &80 s and 72 °C for 60 s, and
followed final extension at 72°C for 7min. Amplicomwere resolved by 2 % agarose

gel electrophoresis treated with ethidium bromi&ifhg/L).

2.6. Apo E genotyping by T-ARMS PCR and multiplex TARMS-PCR from
DNA and whole blood
PCR reactions were performed with 20 ng of humarogec DNA, 8 % DMSO,
1.5 mM MgC}, 0.2 mM of dNTP mixture, 0.5 U of HotStarTaq DNAlpmerase, and
its reaction buffer (Qiagen) in 20L PCR reaction. But in whole blood, Ofi
EDTA-blood, 0.75 M betaine, 2.0 mM MgCl0.2 mM of dNTP mixture, 0.5 U of
HotStarTag DNA polymerase, and AnyDirect in g0 PCR reaction. In T-ARMS

PCR, each of four primers (Table 3) was used fohedlele site (0.08M FO, , 0.4
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UM RO, 1.0uM FI-1 and 1.0uM RI-1 at codon 112, and 0.@éM FO, , 0.4uM RO,
0.4uM FI-2 and 1.QuM RI-2 at codon 158). However, in multiplex T-ARMECR, all
six primers (0.0uM FO, 0.4uM RO, 1.0uM FI-1, 1.0uM RI-1, 0.4uM FI-2, and
1.0 uM RI-2) were used in a single reaction tube. Theldation was carried out
with an enzyme activation step for 15 min at 95 &@q followed by 35 or 40 cycles
(30 sat 95 °C, 30 s at 64 °C, and 30 s at 728@),then final extension for 7 min at
72 °C in DNA or whole blood, respectively. The aiophs were separated with 2 %
agarose Il (Amresco, Ohio, USA) gel electrophoresiataining ethidium bromide

(0.5 mg/L), and identified with UV.

3.Results
3.1. ApoE genotyping can be achieved from whole kid by direct sequencing
and minisequencing.

Direct sequencing for genotyping is gave an aceurasult and used in basic
data. For apo E genotyping, direct sequencing seweral DNA samples was specific
five apo E genotypes, such &3, ed/ed, €2/e3, £2/c4, ande3/e4. And the natural
bloods of these DNA samples were identified wittedi sequencing using AnyDirect
solution. Speciallyg2/e4 genotype is contained each two mutations of tW# St
codon 112 and 158. Figure 9 was showed that déexpiencing from?2/e4 genotype
DNA and EDTA-blood is the same results.

Minisequencing (SNaPshot) analysis is a good mefboENP identification.
We identified five apo E genotypes from genomic Diidd EDTA-blood that have

conformed to direct sequencing as above. Threetgees c2/c4, €2/3, ande3/e4
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were showed in Figure 10. Th2/c4, £2/c3, ande3/e4 genotypes were showed CT/CT,
TT/CT, and CT/CC at codon 112/158, respectivelyngg\nyDirect solution, EDTA-
blood was the same result as genomic DNA. Partigullbecause PCR clean-up was
completed with enzymatic clean-up system ExoSAPeLlr, AnyDirect system was
also working at other nucleic acid modifying enzgmeuch as exonuclease | and

shrimp alkaline phosphatase.

3.2. Apo E genotyping can be achieved from wholedidd by PCR-RFLP and
AS-PCR.

In PCR-RFLP, the restriction endonuclease, Hhalawtd specific sites (Figure
11) was resulting in a specific restriction patttoneach genotype (Figure 12). Thus,
apo E genotypes are determined by the patterns hebet fragment from
electropherogram obtained from PCR-RFEB/{3 (91, 48, and 35 bpyd/cd (72, 48,
and 35bp)g2/e3 (91, 83, 48, and 35 bp)2/e4 (91, 83, 72, 48, and 35 bp), asRle4
(91, 72, 48, and 35 bp)]. Two of five sample®/e3 ands2/c4, were weaker band at
48and 35 bp than other polymorphisms. The reastimiz2 allele is not cleaved at
codon 158 and shows 83 bp fragment, but otheresllate cleaved at codon 158 and
produce 48 and 35 bp. As an identical reasdmallele is cleaved at codon 112 and
produces 72 and 19 bp, but others are not cleaMeekefore, bothe2/e4 ande3/c4
polymorphisms are weaker band at 72 bp tié4 polymorphism. But, both DNA
and whole blood are showed specific restrictiongoas according to each genotype
(Figure 12). The amplification product with wholeedd and AnyDirect solution is

practicable to perform restriction endonuclease.
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AS-PCR was performed with allele specific prime€ys primers (Figure 13,
lane A) containing Cys112 and Cys158 primers, ay primers (lane B) containing
Arg112 and Argl58 primers. AS-PCR also yields algbecific amplicons of 588 bp
and 451 bp at codons 112 and 158, respectivelyu(&ig3). Thee3/e3 genotype that
contains Cys at codon 112 and Arg at codon 158praduced 588 bp at Cys primers
and 451 bp at Arg primers. Thd/c4 genotype contains Arg at both codon 112 and
158, thus was produced 588 and 451 bp at Arg psirbet not Cys primers. The
heterozygotec2/e3, Cys at codon 112 but both Cys and Arg at codb@, vas
produced 588 and 451 bp at Cys primers and 451t Bggaprimers. However, the
£3/e4 genotype that contains Cys and Arg at codon P Axrg at codon 158 was
produced 588 bp at Cys primers and 588 and 451 Amerimers. Because th@/c4
genotype is both Cys and Arg at both codon 1121&&] this genotype was produced
588 and 451 bp amplicon at both Cys and Arg printegether. We obtained the

accurate results from each genotype blood in Argfisolution in AS-PCR.

3.3. ApoE genotyping can be achieved from whole d by multiplex T-
ARMS PCR.

Our specialized primers were redesigned from prisgguences obtained from
Ye's internet site (http://cedar.genetics.sotomldpublic_html/primerl.html) and
adapted to the new, multiplex T-ARMS PCR methodo Bemmon outer primers (FO
and RO) flank and amplify the non-allele-specifmomon amplicon (514bp), and
each of two sets of allele-specific inner primé¥sX and RI-1 at codon 112, and FI-2

and RI-2 at codon 158) produces allele specificlemps (Figure 14). At codon 112,
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the €2 ande3 alleles contaimf GC and produce an allele-specific amplicon with the
FO and RI-1 primers (114 bp). However, tideallele contain€GC and is amplified
by the FI-1 and RO primers to produce tdespecific amplicon (443 bp). At the other
polymorphism site, codon 158, th2 allele contain§ GC and produces an amplicon
with the FO and RI-2 primers (252bp), whereassB@nds4 alleles, which contain
CGC, produce an amplicon with the FI-2 and RO pra{807bp) (Table 4).

T-ARMS PCR and multiplex T-ARMS PCR from samples fife different
genotypes 93/ €3, €4/ €4, €2/ €3, €2/ ¢4, ande3/ £4) that were confirmed by DNA
sequencing gave the expected results (Figure 1ARNMS PCR at each apo E allele
produced one non-specific 514 bp amplicon withdbmmon outer primers and one
or two allele-specific amplicons with allele-spéciprimers (Figure 14, lanes 1-10).
In multiplex T-ARMS PCR with six primers in a sieglube, we obtained a mixture of
the allele-specific amplicons obtained from T-ARMER (Figure 14, lanes 11~15).
The multiplex T-ARMS PCR method was subsequentlgliag to 14 additional
human genomic DNA samples (Figure 15, lane 6~19)afmo E genotyping and
compared with the DNA used previously (Figure Hae 1~5). According to the apo
E genotype of each sample, we obtained ampliconshefsame size as those
described above from these specific PCR products.

In whole blood, we performed direct multiplex T-ARBMPCR with each EDTA-
blood which is correlated with used DNA. Using Angézt solution, multiplex T-
ARMS PCR from 19 whole blood samples was gave tteurate result that is
comparable to the result obtained from DNA (Figli6. Thus, AnyDirect solution

could be feasible to carry out direct multiplex RS PCR from whole blood that
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was combined with multiplex and allelic discrimiiwert

4. Discussion

The downstream procedures of PCR are the impovtarks and make use of
practical application in fields of molecular biolo@nd molecular diagnosis. We
tested major procedures such as sequencing, PCR;R3-PCR, and ARMS-PCR
for apo E genotyping from DNA and whole blood. Fyenotypess3/ €3, 4/ €4, €2/
£3, €2/ €4, ande3/ £4) of six apo E genotypes were identified with direequencing
from DNA. And the corresponding whole bloods of sheDNA samples were the
same results from direct PCR using AnyDirect andusacing (Figure 9). In
SNaPshot assay, we used with enzymatic clean-uersyExoSAP-IT, and were
obtained the identical results with direct sequegdrom DNA and blood together
(Figure 10). Thus, we should suggest that diredR POmM blood with AnyDirect is
applicable to sequencing, and other nucleic acidifying enzymes was usable in
AnyDirect system.

PCR-RFLP and AS-PCR are the most common methodsnotyping, and are
widely used, recently. AnyDirect system was amgdfifrom whole blood and
followed to digest with restriction endonucleaseretognition sites in PCR-RFLP
without any treatment (Figure 12). And the amptifion from whole blood using
AnyDirect solution keeps the power of allelic distination in AS-PCR (Figure 13).
Thus, aop E genotyping with PCR-RFLP and AS-PCRnfrwhole blood using
AnyDirect solution can give a rapid, simple, andccuate result without DNA

purification.
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Because our multiplex T-ARMS PCR method involvethbbARMS PCR and
multiplex PCR, this method does not require othremttment steps or expensive
instrumentation, and can be carried out with on®RCa single tube. The running
time of apo E genotyping with multiplex T-ARMS PQRas within approximately 3
hours, including extraction of DNA from blood, arfigiation of the apo E gene with
multiplex T-ARMS PCR, and identification of the gaypes with agarose gel. Thus,
our multiplex T-ARMS PCR marks the first attemptitientify apo E genotype in a
single PCR reaction without any special treatmaneguipment (Figure 15). We
confirmed that this is a simple, sensitive, rapid énexpensive method for detecting
apo E genotype. Furthermore using AnyDirect, diraattiplex T-ARMS PCR from
whole blood was gave the discrimination of apo Boggpe without isolation of the
DNA (Figure 16). It will be reduced total time tbtain the results of apo E genotype
from whole blood removing DNA isolation step. Sgdlyi direct multiplex T-ARMS
PCR without DNA isolation may be the most rapidngie, and accurate apo E
genotyping method.

And our multiplex T-ARMS PCR is readily applicalitethe genotyping of other
human gene mutations or of microorganisms. Morgover is possible to
simultaneously identify several SNPs by combining multiplex T-ARMS PCR for
SNPs located near each other and T-ARMS PCR forsSbifated at longer distances
through the design and use of specialized primbeg produce allele-specific
amplicons of different sizes. And, using fluoresietabeled primers and capillary
electrophoresis, numerous SNPs can be identifithl avsingle PCR reaction as with

forensic human identification using short tandemesds (Butleret al., 2004). We

22



believe that our multiplex T-ARMS PCR procedure &myDirect system will enable
laboratories to proceed with gene mutation studigbhout the need for additional

expensive reagents and equipment.
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lll. A simple and rapid gene amplification from Arabidopsis leaves
using AnyDirect system

1. Introduction

PCR is a powerful and useful molecular biologicagtihed that is used in
biological research and diagnosis (Floreratial., 2006; Mattarucchét al., 2005). In
plants, the use of PCR has many applications intpi@lecular biology, including
plant genotyping, gene mapping, map-based clordoggening for transformants,
marker-assisted plant breeding, and molecular ggolo order to obtain DNA that
can be used for PCR, two processes are requiredfifgh of these processes is cell
lysis using mechanical or chemical methods, suclrasling in liquid nitrogen or
using detergents and/or Proteinase K. The secorldest steps is the separation of
DNA from various components that may interfere WR@R using organic solvents,
proteinase K, salts, or membrane filters. Thus,tmmethods for preparing DNA from
plant tissues are complicated, time-consuming,lalpadr-intensive processes.

Cetyltrimethylammonium bromide (Hwang and Kim, 2p00ROSE
buffer(Steineret al., 1995), and alkaline solution (Waegal., 1993; Xinet al., 2003)
have been used to extract PCR-compatible DNA fréantp more rapidly. However,
most of these methods require precipitation of ggodNA after it is separated from
other cellular components with organic solventshsas phenol or/and chloroform
(Kang and Yang, 2004). In plants with high polypbi@ content,
polyvinylpyrrolidone is also used to remove phendkrpenoids that bind to DNA
after cell lysis (John, 1992; Kiet al., 1997).

Recently, we reported a novel solution, “AnyDireatthich is used to perform
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PCR directly from whole blood (Chapter 1). This idn overcame the inhibitory
effects of various chemical entities such as blpmateins or heparin, and facilitated
the performance of PCR directly from whole bloodheut pretreatment, making use
of a PCR heating step for blood cell lysis. Becaplst tissue contains additional
cellular components, including a cell wall, we atfged to create a condition in
which simple SDS-lysate from plant tissue is subjéc conventional DNA
amplification by PCR using AnyDirect PCR buffer. iOorocedure, which utilized
AnyDirect PCR buffer, eliminated the need to perfahe second process needed to
obtain DNA, thereby simplifying the process of DN#plification by PCR directly

from plant tissue.

2. Materials and Methods

2.1. Growth of Arabidopsis and DNA extraction

Experiments were performed using Arabidopsis Colan{8ol-0) ecotype and
Lansberg erecta (Ler) ecotype, which were obtaifieth the ABRC (Ohio State
University, Columbus). The seedlings of Arabidopsiere grown for two weeks on
Murashige-Skoog medium containing 0.8% agar undatewlight (WL, 4 Wn?) at

23 °C. Genomic DNA was extracted as described lhy(Soh, 2006).

2.2. Simple lysis from Arabidopsis leaves
We cut leaves (1~2 mg/leaf) from Arabidopsis usstgrilized scissors, and
mixed them with 10Q.L of diluted 5X Direct-N-Lyse | solution, a cockkaiolution

containing 1.5% SDS [100 mM Tris (pH8.0), 25 mM E)R M NaCl, 1.5% SDS,
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and 3% Tween-20] (BioQuest, Seoul, Korea). The ramolf cut leaves was 1, 2, 3, 4,
5, 10, or 15, and lysis solutions were diluted .268, 0.5X, 0.75X, or 1X of Direct-

N-Lyse | solution. TE buffer [10 mM Tris and 1 mMDEA (pH 7.0)] was used as the
control lysis solution. Leaves were placed in lysidution, ground with a pestle,
incubated at 80 °C for 2 h, and immediately coaedce. The simple lysates were
centrifuged at 6,000 rpm for 5 minutes, and thespesatants were used for

amplification.

2.3. Amplification of DNA fragment from a genomic INA and a simple lysate

PCR procedures were performed with 0.2 mM of eddiiR] 0.4uM of each
primer, 2 U of Tag DNA polymerase (BioQuest), aathplates in a total volume of
50 uL. The PCR reaction buffers were conventional PQfkeb [10 mM Tris-HCI (pH
8.3), 50 mM KCI, and 1.5 mM Mgég)l or AnyDirect PCR buffer [1.5 mM MgG]
according to the appropriate templates, DNA, ompéintysate, respectively.

In NITL gene amplification, the primers used were forwamimer, 5'-
CCCTACATTCTACAACCATGTAGCC-3, and reverse primer, -5
CGGAATTGATGTTTTGGACC-3', as described previously h@ Arabidopsis
Information Resource, TAIR). The PCR conditionsluded initial incubation at
94 °C for 5 min, followed 40 cycles [denaturation9d °C for 30 s, annealing at
52 °C for 30 s, and extension at 72 °C for 1 mamj¢l a final extension step at 72 °C
for 7 min. However, primers for thelOD1 marker were derived from the Cereon
small insertion/deletion (In/Del) polymorphism dadise

(http:/lwww.arabidopsis.org/browse/Cereon/indey;jsp forward primer, 5'-
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GATTCCCACTTATCAACCATCTCC-3, and reverse primer, 5'-
CGAGTATTACAAACCAAGCTTCAG-3. PCR was conducted irheé NIT1 PCR

condition, with an annealing temperature of 57 °@Gpficons were resolved by 2%
agarose gel electrophoresis in TAE buffer and ethiwith ethidium bromide (0.5

mg/L).

3.Results and Discussion

We applied Direct-N-Lyse | solution for lysis of @sidopsis (Col and Col/Ler
heterozygote) leaf tissue. Five leaves of two Adapsis ecotypes were heat-treated
with 1X Direct-N-Lyse | solution. These four simplgsate solutions were then
directly used as the sources of PCR templatesmlification of theNIT1 gene, of
which the amplicon sizes were 0.8 kb and 1.0 kithia Col and Ler ecotypes,
respectively (Figure 17). In a conventional PCRfdnu§ystem, amplification was not
achieved, presumably due to the inhibitory effebLtS®S (Figure 17, lanes 1~4).
However, the AnyDirect PCR buffer was able to afgplhe NIT1 gene from both
ground (Figure 17, lanes 5 and 6) and non-grousdtés (Figure 17, lanes 7 and 8),
although the level of amplification from non-groulydate was lower than that from
the ground lysate. In contrast, the process o§Iysing only SDS and heating was not
sufficient for amplification of th&lIT1 gene.

Next, we attempted to determine the most effeatimacentration of Direct-N-
Lyse | solution for performing direct PCR from plaissue. The lysates in 0.25X,
0.5X, and 0.75X lysis solutions successfully serasdthe sources of templates for

PCR with AnyDirect PCR buffer, while those with Tuffer did not (Figure 18,
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AnyDirect PCR buffer). Under our experimental cdiudis, one or two microliters of
leaf lysate served as better templates than ovee thicroliters of lysate for PCR
with a total volume of 50 microliters. A larger uwohe of over three microliters of
lysate might not permit successful DNA amplificatiopresumably due to the
increment of PCR inhibitors, especially SDS. Intcast to AnyDirect PCR buffer, the
use of conventional PCR buffer did not yield amptis from leaf lysates of Direct-N-
Lyse | solution, except from that of highly dilute@.25X Direct-N-Lyse | solution
(Figure 18, Conventional PCR buffer). Because aeant tissues are comprised of
hardened cell types, the use of a strong concaniraf Direct-N-Lyse | solution (e.qg.
1X) may be desirable for cell lysis. Thus, we pragaoupling the use of plant lysate
with Direct-N-Lyse | solution with the use of Anyiect PCR buffer for PCR.

The number of leaves used in our simple lysis nwthppeared not to be a
critical factor in the success of PCR. The simp#mates obtained from 1, 5, 10, and 15
leaves were compared, and were shown to be suffiéie the amplification of the
NIT1 gene (Figure 19), though the amplicon band frod6 1L of one leaf was
weaker than other bands (Figure 19, lane 5 of X)Léanplification of the MOD1
marker from simple lysate was also achieved anldgikspecific amplicons from Col,
Ler, and Col/Ler heterozygote, respectively (Fig20¢. Based on our results (Figures
19, and 20), we propose that the appropriate amousample in our simple lysis
system should be 5~10 Arabidopsis leaves, or 5~d 5rh0OO0uL solution.

We have reported that our AnyDirect PCR buffer deato overcome the
inhibitory effects of exogenous and endogenousasoimants such as SDS and hemin,

and can be applied to perform direct PCR with wHalteod (Chapter 1). Here, we
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examined whether our AnyDirect system is applicdbleuse with a plant system.
Making use of detergent (SDS) treatment and crgshiith a pestle in addition to
heating at 80 °C, we exposed genomic nuclear DNA tsmplate for PCR. Though
the resulting lysate would include significant amtsuof PCR inhibitors as well as
template DNA, our AnyDirect PCR buffer enabled tee of PCR to successfully
amplify nuclear DNA fragments, thereby overridirtge tinhibitory effects of other
components in leaf lysate. In summary, we haveigeaiva simple lysis system that
compatible with direct DNA amplification, and woulthake genomic DNA
amplification a more rapid, simple, and safe proced facilitating large-scale

genotyping experiments such as positional gendrajdan higher plants.

29



Table 1. Primer sequences used for direct amplificatiofrom blood.

Gene Name Primer Name Nucleotide Sequence
p53 gene p53fl 5-TGTTCACTTGTGCCCTGACT-3'
p53f2 5-GGCGACAGAGCGAGATTCCA-3
p53f3 5-GACAAGGGTGGTTGGGAGTAGATG-3
p53rl 5-GGAGGGCCACTGACAACCA-3
p53r2 5-GGGTCAGCGGCAAGCAGAGG-3
p53r3 5-CACAAACACGCACCTCAAAG-3’
p53r4 5-AGAGGAGCTGGTGTTGTTGG-3’
Apolipoprotein E gene apoEfl 5-GGCACGGCTGTCCAAGGA-3’
apoErl 5-CTCGCGGATGGCGCTGAG-3’
Retinoblastoma gene RBf1 5'-CAGGACAGCGGCCCGGAG-3’
RBr1 5-CTGCAGACGCTCCGCCGT-3
HIV-1 plasmid DNA SK145 5-AGTGGGGGGACATCAAGCAGCCATGCAAAT-3
SK431 5-TGCTATGTCAGTTCCCCTTGGTTCTCT-3
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Table 2. Various DNA polymerase 1X PCR reaction buffer comgsitions.

Compositions
Thermostable DNA polymerase

Tris-HCI (mM)  pH  KCI(mM)  (NHg);SO,(mM) Mg (mM)? Additives

Tth (Roche Applied Science) 10 8.9 100 0 15 Og(r)nmqlfl/vriiﬁ 20
Pfu (Stratagene) 20 88 10 10 2 Lt 'ng 2200
Pwo (Roche Applied Science) 10 885 25 5 2

Taq (Qiagen) UA 8.7 un® un® 1.5

Taq (Roche Applied Science) 10 8.3 50 0 15

Taq (Invitrogen) 20 8.4 50 0 15

Taq (Promega) 10 9.0 50 0 15 1 ml/l Triton X100
EX Taq (Takara Bio) Uh un® un® un® 2

AmpliTaq Gold (Applied Biosystems) 10 8.3 50 0 15

FastStart Taq (Roche Applied Science) 5 8.3 10 5 2

HotStarTagq (Qiagen) Uh 8.7 un® un® 1.5

HotMaster Taq (Eppendorf AG) Un un® un® un® 2.5

& Thermostable DNA polymerases are used Mg€imagnesium ions, but Pfu and Pwo DNA polymereseised MgSQ.

® Un : Unknown concentration or pH.
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Table 3. PCR primers for apo E genotyping with AS-PCR, mulfilex T-"ARMS PCR, and sequencing.

Primers Sequencés
AS-PCR Cysl112 5-CGCGGACATGGAGGACGTT -3
Cys158 5-ATGCCGATGACCTGCAGAATT-3’
Argll2 5-CGCGGACATGGAGGACGTTC-3
Argl58 5-ATGCCGATGACCTGCAGAATC-3
AS-R 5-GTTCAGTGATTGTCGCTGGGCA-3
Multiplex T-ARMS PCR FO 5-ACTGACCCCGGTGGCGGAGGA-3’
RO 5-CAGGCGTATCTGCTGGGCCTGCTC-3
FI-1 5-GCGGACATGGAGGACQEGC-3’
RI-1 5-CGGTACTGCACCAGGCGGCECA-3’
FI-2 5'-CGATGCCGATGACCTGCAGAGC-3’
RI-2 5-CCGGCCTGGTACACTGCCA®CA-3’
SNaPshot SP-112 5-CGGACATGGAGGACGTG-3’
SP-158 S5-TTTTTTTTTICCGATACCTGCAGAAG-3

#The boldface lowercase letters are deliberate mismatchharmbldface uppercase letters is allele-specific migmatc
® The TT tails in SNaPshot are underlined.
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Table 4. Amplicon size of multiplex T-ARMS PCR by apo E polgnorphisms.

1% codon 112 2" codon 158 Common
Genotype _
Nt/AA®  Amplicon (bp) Nt / AA° Amplicon (bp) Amplicon (bp)
€2/ 2 TGC/Cys 114 TGC/Cys 252
€3/ 3 TGC/Cys 114 CGC/ Arg 307
edl g4 CGC/ Arg 443 CGC/ Arg 307
TGC/Cys 252
€2/ €3 TGC/Cys 114
CGC/ Arg 307 514
TGC/Cys 114 TGC/Cys 252
g2/ g4
CGC/ Arg 443 CGC/ Arg 307
TGC/Cys 114
€3/ e4 CGC/ Arg 307
CGC/ Arg 443

4The mark of 1st and 2nd is order of mutation sequence in Gkn&aah codon number is corresponded to each mutation.

® Nt / AA is nucleotide / amino acid at mutation site.
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Figure 1. Effects of AnyDirect on PCR inhibitors onp53 gene amplification.
PCR was performed according to standard protoedsg human genomic
DNA (10 ng) as the template with or without inhdsg in a 5QuL reaction volume.
AmpliTag DNA polymerase (1.5 U) (Applied Biosystegmand 0.5uM primers
(p53f1 and p53rl) were used for p53 gene ampliboatThe amplified p53 gene
product was 489 bp (arrow). We employed AnyDirasitison (A) or general Taq
DNA polymerase PCR reaction buffer [LO0 mM Tris-H@H8.3), 50 mM KCI and
1.5 mM MgCl] (B). The final concentration of inhibitors (hemi@DS, and EDTA)

in the PCR is specified. Lane M: 100 bp ladder (Biest).
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Figure 2. Effect of AnyDirect on PCR amplification d various anticoagulant
treated whole blood.

PCR was performed according to standard protoceither with human
genomic DNA in general reaction buffer or wholedadlan AnyDirect solution as
the source of template. AmpliTaqg DNA polymerases (U) and 0.5uM of each
primer were added to a total reaction volume ofib0The p53 gene was amplified
from EDTA, citrated, and heparinized blood sampéssyell as genomic DNA. The
amounts of whole blood used were 0.3, 0.6, 1.Z5,2and 1QuL, and the human

genomic DNA contents used were 0.3, 0.6, 1.25,2d»nd 10 ng, respectively.
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Genomic DNA / general buffer Heparin Blood 7 AnyDirect

M1 23 4 5 67 89 M1 23 4 5 67 89M 1,702

LT

Figure 3. Effect of AnyDirect on PCR amplification d various target sizes from
heparinized blood.

PCR was performed to amplify various regions of géBe amplification using
10 ng human genomic DNA or dL of heparinized blood. The size of the PCR
product and primers used in lanes 1-9: 146 bp ®&3p53r2), 286 bp (p53f2 &
p53r2), 357 bp (p53f3 & p53r4), 489 bp (p53fl & pB3 606 bp (p53f2 & p53r3),
817 bp (p53f2 & p53r4), 1,191 bp (p53fl & p53r2¥9l bp (p53fl & p53r3), and

1,702 bp (p53fl & p53r4).
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Figure 4. Effect of AnyDirect on PCR amplification d GC-rich regions from
heparinized blood.
PCR was performed with human genomic DNA (10 nd)eparinized blood (1
pL) in the presence of various amounts of betairee @xpected amplicon sizes of

retinoblastoma gene (196 bp) and apolipoproteirekeg(268 bp) are indicated by

arrowhead.
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Figure 5. Effect of AnyDirect on various thermostabé DNA polymerases.

PCR was performed according to standard protoeath, 1 uL of heparinized
blood as the source of template DNA in AnyDiredution (even numbers of lanes)
or other PCR reaction buffers (odd numbers of lafiable 2) in a total reaction
volume of 50uL. The primer concentration (p53fl and p53r2) was M, and
twelve thermostable DNA polymerases were used ().5The expected amplicon

size was 1,191 bp (arrowhead).
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Figure 6. HIV-1 gene amplification with AmpliTag Gold® DNA polymerase.
PCR was performed according to the procedure destrin “Material and

methods”. Templates comprised 0, 10, 20, 30, 40,5hcopies of HIV-1 plasmid

DNA in 1 pL heparinized blood and 0, 1, 2, 3, 4, 5, andL6heparinized blood

samples, each with 20 copies of HIV-1 plasmid DMA142 bp amplicon product

was obtained (arrowhead).
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Figure 7. Diagram of multiplex T-ARMS PCR for apo E genotyping in single
tube.

Outer primers (FO and RO) are amplified 514bp, thiedcombinations of each
inner primers (FI-1, FI-2, RI-1, and RI-2) and aupeimers in two SNP sites were

produced specific amplicons.
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3841 |ACTGACCCCGETGGCCCGAGGAGACGCGGGCACGGCTGTCCAAGGAGCTGCAGGCGGCGCA
FO: 5°-ACTGACCCCGGTGGCGGAGGA-3°

3901 GGCCCGGCTGGGICGCGGACATGGAGGACGTGUGCGGCCGCCTGGTGCAGTACCGCGGCGA
FI-1: 5’-CGCGGACATGGAGGACGgGC-3’ RI-1: 3-ACtCCGGCGGACCACGTCATGGC-5

3961 GGTGCAGGCCATGCTCGGCCAGAGCACCGAGGAGCTGCGGGTGCGCCTCGCCTCCCACCT

4021 GCGCAAGCTGCGTAAGCGGCTCCTCCGE CGATGCCGATGACCTGCAGAAGUGCCTGGCAGT|
FI-2: 5’-CGATGCCGATGACCTGCAGAcGC-3’ RI-2: 3’- ACtGACCGTCACATGGTCCGGCC-5’

4081 |[GTACCAGGCCGGEGCCCGCGAGGGCGCCGAGCGCGGCCTCAGCGCCATCCGCGAGCGCCT

4141 GGGGCCCCTGGTGGAACAGGGCCGCGTGCGGGCCGCCACTGTGGGCTCCCTGGCCGGCCA

4201 GCCGCTACAGGAGCGGGCCCAGGCCTGGGGCGAGCGGCTGCGCGCGCGGATGGAGGAGAT

4261 GGGCAGCCGG.ACCCGCGACC.GCCTGGACGA . GGTGAAGGAG.CAGGTGGCGG.AGGTGCGCGC

4321 CAAGCTGGAGGAGCAGGCCCAGCAGATACGCCTGICAGGCCGAGGCCTTCCAGGCCCGCCT
RO: 3°-CTCGTCCGGGTCGTCTATGCGGAC-5*

Figure 8. Apo E gene sequence (GenBank No. M10065) and nipikx T-ARMS PCR primer sequence of two SNP sites.
The boldface letters are annealing sequence wilcifsp T-ARMS PCR primers at apo E gene (GenBankO®&b), and
forward and reverse primers are clear and greydyoespectively. The nucleotide at the mutationisita italics. The six primers

(two outer and four inner) are the same in Table 3.
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Figure 9. Direct sequencing from genomic DNA and EDA-blood.

Apolipoprotein E,e 2/ 4, is identified with DNA and EDTA-blood by PCR

and direct sequencing using BigDye Terminator €§de sequencing reaction.
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Figure 10. Apo E genotyping with minisequencing (S&Pshot) Assay from

genomic DNA and EDTA-blood.
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Figure 11. Diagram of restriction sites (A ) and fragment patterns of amplicon according to apo E gengpes.
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Figure 12. ApoE genotyping by PCR-RFLP from genomidDNA and EDTA-
blood.

Electropherogram obtained from PCR-RFLP shows iotisin fragments (91,
83, 72, 48, and 35 bp); apo E genotypes are detednby the patterns of these
fragments §3/e3 (91, 48, and 35 bp}d/ed (72, 48, and 35bp}2/e3 (91, 83, 48,
and 35 bp)g2/e4 (91, 83, 72, 48, and 35 bp), asBle4 (91, 72, 48, and 35 bp)]. The
restriction fragments were identified with 12.5 9sabntinues polyacrylamide gel
electrophoresis and stained with ethidium bromi@e5 (mg/L). Lane M is

Superladder-Low 20 bp ladder (ABgene, Epsom, UK).
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Figure 13. Apo E genotyping by AS-PCR from genomic BA and EDTA-blood.
AS-PCR was performed with Cys primers (lane A),taoring Cys112 (588
bp) and Cys158 (451 bp) primers, or Arg primers€l®), containing Argl12 and
Arg158 primers. Every apo E genotype was amplifigith allele specific primers,
including £3/e3 (Cys112 and Arg158}4/c4 (Argll2 and Argl58)2/c3 (Cysl112,
Cys158, and Arg158}2/c4 (Cys112, Cys158, Argll2, and Argl5&)/c4 (Cysll2,
Argl12, and Arg158). Amplicons were resolved by a8arose gel electrophoresis

treated with ethidium bromide (0.5mg/L). Lane MLBO bp ladder.
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114bp

Figure 14. Electropherogram of T-ARMS and Multiplex T-ARMS PCR.

T-ARMS PCR was amplified with respective primerssaparated codon 112
(lane 1, 3, 5, 7, 9) and codon 158 sites (lane B, 8, 10), but multiplex T-ARMS
PCR was amplified with all primers at two SNP sitegether (lane 11, 12, 13, 14,

15).
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Figure 15. Apo E genotyping by multiplex T-ARMS PCRfrom 14 DNA samples.
Apo E genotype from previously (Figure 14) used D{&nes 1~5) and 14

additional DNA samples (lanes 6~19) was identifisthg our multiplex T-ARMS

PCR as described above. Lane M: 100 bp ladder.
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Figure 16. Apo E genotyping by multiplex T-"ARMS PCRfrom 14 EDTA-blood

samples.

Apo E genotype from 19 blood samples which areetar®@d with used DNA

(Figure 15) was identified using AnyDirect solutiand multiplex T-ARMS PCR as

described above. Lane M is 100 bp ladder.
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Figure 17. Electropherogram with Arabidopsis leaf ysate and purified genomic
DNA.

Four leaves of Arabidopsis were mixed with 100 fL1X Direct-N-Lyse |
solution, ground with a pestle (+) or not ground fellowed by incubation at 80 °C
for 2 hours. After heat treatment, these lysatewaenplified with AnyDirect PCR
buffer (lane 1~4). Amplification of genomic DNA fmotwo ecotypes, Col (lane 5)
and Ler (lane 6), was identified with amplicon sioé 0.85 and 1.0 kb, respectively.
Thus, one sample (lane 1 and 3) was a Col homoeygat the other (lane 2 and 4)

was a Col/Ler heterozygote. Lane M is 100 bp ladder
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Figure 18. Electropherogram of PCR from simple lystes with diluted Direct-
N-Lyse | solution.

Five leaves of Arabidopsis (Col/Ler heterozygote) 100 uL of various
dilutions of Direct-N-Lyse | solution (0.25X, 0.5X,75X, and 1X) or 10QL TE
buffer were ground with a pestle and incubated &at’® for 2 hours. PCR was
performed with AnyDirect PCR buffer (Upper) or witonventional PCR buffer
(Lower) using various volumes of these lysate2(B, 4, and piL; Lane number is
the volume of lysate used for PCR) in aji0reaction. Other PCR conditions are

the same as described above.
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Figure 19. Electropherogram of PCR from simple lystes with amount of
leaves used.

1, 5, 10 and 15 leaves were treated with 1D®@f 1X Direct-N-Lyse solution
and incubated at 80 °C for 2 hours. And the lysatese diluted by two-fold
serialization, 1, 1/2, 1/4, 1/8, 1/16, and 1{@2(lane 1, 2, 3, 4, 5, and 6), and were
used as PCR templates in B@ PCR reaction mixtures. PCR was performed

according to the above procedure, and lane M slao¥@0 bp ladder.
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Figure 20. The MOD1 gene amplification from Arabidgsis lysates.

MOD1 (840 bp and 720 bp from Col and Ler ecotypespectively) gene was
amplified from Arabidopsis lysate and genomic DN2ACR was performed with
DNA from Col and Ler ecotypes (lane 1 and 2ul1Col/Ler heterozygote lysates
in TE buffer or 0.25X, 0.5X, 0.75X, and 1X Directlyse | solution (lane 3, 4, 5, 6,
and 7), and LL Col homozygote lysate in 1X Direct-N-Lyse | sotut (lane 8). No
amplicon was obtained from lysate in TE buffersaen in Figure 18. Lane M is a

100 bp ladder.
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