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Introduction
Pierce’s disease (PD), a lethal disease of
grapevine, is caused by Xylella fastidiosa,
a Gram-negative, xylem-limited bacteri-
um, transmitted from plant to plant by
xylem feeding insects.1 Strains of 
X. fastidiosa have also been associated
with diseases that cause tremendous
losses in many other economically
important plants including citrus.2
Although the complete genome
sequence of X. fastidiosa has recently
been determined, the inability to geneti-
cally manipulate X. fastidiosa has been a
major impediment to understanding
pathogen, plant and insect vector inter-
actions. 

Transposable elements have become
valuable mutagenic tools for genetic and
molecular analysis in many different
bacteria.3 The most widely used transpo-
son in Gram-negative bacteria is Tn5,
which transposes at high frequency, has
relatively little target sequence specifici-
ty, and does not share homology with
genomic sequences of most bacterial
species.4,5 However, transposon muta-
genesis can have the following technical
limitations: (i) the transposase gene must
be expressed in the target host, (ii) the
transposon must be introduced into the
host on a suicide vector and (iii) the
transposase gene on the transposon can
be expressed in subsequent generations,
which may result in genetic instability. 

Recently, the EZ::TN™ Transposome™
system was developed to overcome the
above problems. The EZ::TN Transposome
is an association between a hyperactive
Tn5-derived EZ::TN™ Transposase and a
linearized EZ::TN™ Transposon that

contains a selectable marker flanked at
each end by modified 19-bp trans-
posase recognition sequences of Tn5.6
In the absence of magnesium ions, the
DNA:protein complex is stable and may
be electroporated into bacterial cells
and the EZ::TN Transposon can subse-
quently undergo transposition in vivo
(Figure 1).7,8 Because the EZ::TN
Transposase is degraded in the cell, no
subsequent transposition occurs. In this
paper we describe the successful use of
an EZ::TN Transposome to mutagenize
X. fastidiosa. EZ::TN Transposome inser-
tions have been demonstrated for a
number of species, including Escherichia,
Proteus, Salmonella, Pseudomonas,
Mycobacterium, and Saccharomyces.7,8

To our knowledge, however, this is the

first report of a transposition system for
X. fastidiosa and the first use of a
Transposome to mutate a plant patho-
genic bacterium. 
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Materials and Methods
Preparation of electrocompetent 
X. fastidiosa cells.

Because X. fastidiosa cells stored at
–80ºC grow poorly when directly seed-
ed into liquid culture, the cells were ini-
tially plated on PD3 agar plates.  After
incubating for 10-12 days at 28ºC, a
piece of agar medium containing X. fas-
tidiosa cells was cut from a plate and
used to inoculate 35 ml of liquid PD3
medium. These liquid cultures were
allowed to grow for 7-10 days at 28ºC
and then the cell density was adjusted
to 106 cells/ml (OD600=0.0025)
using fresh PD3 medium. One hundred
µl of the adjusted cell culture were used
to inoculate each of six PD3 agar plates.
After 6 days at 28ºC , the cells were gen-
tly washed off each plate with 2-3 ml of
PD3 medium. The cells were harvested
by centrifugation (5,000xg) at 4ºC for 5
min, washed in 10 ml of cold, sterile
10% glycerol, concentrated by centrifu-
gation and suspended in 1 ml of cold
10% glycerol. The suspension was cen-
trifuged at 5,000xg for 5 min at 4ºC ,
resuspended in 10% glycerol to a final
concentration of approximately 109

cells/ml and held on ice until electropo-
rated with the transposon constructs.

X. fastidiosa electroporation protocol.

One microliter of an EZ::TN <KAN-2>
Tnp Transposome (20 ng of transposon
DNA) or 100 ng of plasmid DNA was
mixed with 20 µl of electrocompetent
cells and placed in a 0.15 cm gap elec-
troporation chamber (Gibco BRL). A sin-
gle high-voltage pulse (10 kV/cm for 5
ms with a resistance value of 4 kΩ and a

capacitance of 330 µF) was applied
across the chilled suspension with the
Cell-Porator electroporation system
(Gibco BRL). After the pulse delivery, the
cells were immediately removed from
the electroporation chamber and inocu-
lated into 1 ml of liquid PD3 medium
without antibiotics. The cells were incu-
bated for 24h at 28ºC  with constant
shaking (100 rpm) to allow expression of

antibiotic resistance. After incubation,
the putative transformants were selected
on PD3 agar plates containing 5, 10, or
5 µg/ml of kanamycin, tetracycline or
chloramphenicol respectively, depend-
ing on the antibiotic marker of the con-
struct. The 1-ml of liquid PD3 medium
containing the electroporated sample
was entirely plated on 10 plates of selec-
tive PD3 medium. 

Cosmid cloning of KanR tagged regions of 
X. fastidiosa DNA. 

Cosmid libraries were prepared from
each of the 10 X. fastidiosa insertion
mutants. Briefly, genomic DNA was
end-repaired and ligated into a lin-
earized, blunt and dephosphorylated
cosmid vector and packaged using
MaxPlax™ Lambda Packaging Extracts.
Cosmids carrying the <KAN-2>
Transposon region were selected on LB
plates containing chloramphenicol and
kanamycin (25 µg/ml each).

Sequence analysis of cosmids containing 
X. fastidiosa transposon DNA.

Cosmid DNA was used as template in
“2X” Big Dye Terminator sequencing
reactions according to the manufactur-
er’s protocols (Applied Biosystems) using
the forward (KAN-2 FP-1) and reverse
(KAN-2 RP-1) primers supplied with
the EZ::TN <KAN-2> Tnp Transposome.
Samples were injected into an ABI 310
Genetic Analyzer (Applied Biosystem)
and analyzed with ABI version 3.3
sequence analysis software. The location
of the transposon inserts was determined
by comparing the sequence of regions
flanking the element with the genome

1 2 3 4 5 6 7 8 9 10 11 12

Insertion Location on map of 
Clone Sequence of X. fastidiosa DNA flanking the insertione ORF desiginationb X. fastidiosaCVC straina Putative gene functionc

FB1 gtttatggctcaCACCGTGGC <KanR> CACCGTGGCtgctgtggcccc Xf2752    (2,643,701-2,643,709) Unknownd

FB2 ggacatcacacaGCATGAAGG <KanR> GCATGAAGGtatcggcagatt --        (943,970-943,978) Intergenic insertion
FB3 tgcggctgtattGCTATCACA <KanR> GCTATCACAttaatacagcag Xf1854   (1,770,398-1,770,406) Unknown
FB9 ttccttctagcaGGTTTTTTG <KanR> GGTTTTTTGgtttcccatcag Xf0070   (64,213-64,371) Unknown
FC2 ttgttccagtgaCTGCAACAC <KanR> CTGCAACACcgtaggcactcg Xf1903   (1,810,187-1,810,195) Potassium transport protein
FD5 ggttttgaagcaGCATTGTGT <KanR> GCATTGTGTtccgccagaagt Xf1056   (1,015,537-1,015,545) Unknown
FD6 tgcttcaaaaccGTACTAACA <KanR> GTACTAACAgttgctttaaag Xf1919  (1,824,956-1,824,964) Similar to human K+ channel protein
FD7 agagcattggcaGTACATGAAC <KanR> GTACATGAACcgatccgccctt Xf0156   (159,967-159,976) Putative cysteine protease
FD10 ttgactggatctGTCATAAAC<KanR>GTCATAAACacaacctgccat   --       (1,895,553-1,895,561) Intergenic insertion
FE1 agtaaactctgaGGTGAGGAT <KanR> GGTGAGGATtcgctatttata Xf2677  (2,551,921-2,551,929) L-ascorbate oxidase

a. Numbers indicate the position of the EZ::TN Transposon in the genomic sequence of the citrus variegated chlorosis (CVC) strain of X. fastidiosa.9

b. Identification number of open reading frame (ORF) in CVC strain of X. fastidiosa.9

c. Putative function of ORF based on homology with other gene sequences.
d. Function of ORF is unknown.
e. Bases in capital letters indicate duplicated EZ::TN Transposon insertion site.

Table 1. Sequence analysis and putative function of X. fastidiosa DNA flanking EZ::TN Transposon insertions in the Fetzer grapevine strain.

Figure 2. Southern blot analysis of independent
EZ::TN™ <KAN-2> Transposon insertion clones of
X. fastidiosa. Genomic DNA from X. fastidiosa was
digested with EcoR I/ Eag I restriction enzymes and
probed with the EZ::TN <KAN-2> Transposon.
Lane 1, EcoR I/Eag I digested DNA isolated from 
X. fastidiosa cells that were not electroporated with
the Transposome; Lanes 2 –11, individual transpo-
sition clones of X. fastidiosa; Lane 6, the clone did
not initially hybridize to the probe, however
Southern analysis of a second restriction digest
yielded positive hybridization results (data not
shown); Lane 12, EZ::TN <KAN-2> Transposon
positive control.
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sequence of the citrus strain of X. fastidiosa
(http://onsona.lbi.ic.unicamp/br/xf/).9

Results and Discussion
We evaluated the ability of four different
suicide vectors, as well as the EZ::TN
Transposome to transpose X. fastidiosa.
The four suicide vectors tested (pBSL181
(CmR), pBSL346 (CmR), pSUP2021
(NmR), and pSUP102Cm::Tn5 (TcR)
failed to produce any detectable trans-
position events. In contrast, when the
EZ::TN Transposome  was electroporat-
ed into the Fetzer strain of X. fastidiosa,
115 KanR colonies were obtained in the
first experiment. Controls in which no
Transposome complex was added failed
to yield any KanR colonies on selective
PD3 agar plates, indicating no sponta-
neous production of KanR colonies. No
KanR colonies were obtained when the
cells were electroporated with transpo-
son DNA only, indicating that the trans-
position event is transposase-dependent. 

Previous work in other prokaryotes has
demonstrated that Tn5 insertions will
occur at unique sites in the chromo-
some.7,8 To confirm this in X. fastidiosa,
genomic DNA was isolated from 10
transposon mutants and subjected to
Southern hybridization analysis using
the <KAN-2> Transposon as a probe.
The results indicate that the insertions
were single and independent events
(Figure 2). Randomness was further veri-
fied by sequencing the DNA flanking
each of the insertion sites. Cosmid
clones carrying the region of genomic
DNA that was disrupted by the transpo-
son were selected on kanamycin and
then sequenced bidirectionally using
primers homologous to either end of the
transposon. All 10 insertion sites were
unique. A BLAST homology search
against the genome sequence of the cit-
rus strain of X. fastidiosa indicated that
two insertions are in intergenic regions,
and eight are in recognized or hypothet-
ical open reading frames (Table 1). 

Sequence analysis also indicated nine
inserts generated 9 bp duplication at the
boundaries, as expected for a Tn5-trans-
posase-mediated transposition.6 One
product (FD7) showed an exceptional
insertion of 10 bp duplications at the
boundaries (Table 1), which has been
observed with in vitro insertion of Tn5
transposons (I. Goryshin, personal com-
munication), but not with in vivo Tn5
transpositions. The EZ::TN Transposon
inserted in both orientations with
respect to X. fastidiosa open reading

frames indicating that transcription of
the kanamycin resistance gene is under
control of the Tn903 promoter and not a
X. fastidiosa promoter. 

Because a transformation system can be
highly strain-dependent, EZ::TN
Transposome electroporation experi-
ments were performed with a second X.
fastidiosa strain termed Temecula.
Following electroporation seventy-four
KanR Temecula strain colonies grew on
PD3 medium supplemented with 5
µg/ml of kanamycin indicating that the
Temecula, like the Fetzer, X. fastidiosa
strain is amenable to transposition using
the Transposome system. We found that
for both strains the number of insertion
mutants obtained is highly dependent on
optimizing the transformation efficiency.

The ability to maintain a transposon
insertion without selective pressure was
demonstrated when seventy of the trans-
posed products did not lose their
kanamycin resistance when grown on
medium lacking antibiotic (data not
shown). Genetic stability is expected
since the EZ::TN <KAN-2> Transposon
used in this study lacks the transposase
gene and can therefor no longer trans-
pose once it is inserted in the chromo-
some.7

The Transposome strategy should allow
the identification of X. fastidiosa genes
that mediate plant pathogenicity and
insect transmission. Our X. fastidiosa
transposition mutants are currently
being inoculated into grapevines in
order to identify genes that allow X. fas-
tidiosa cells to colonize, move and
cause disease in grapevines. Hopefully,
mutagenesis studies, in conjunction
with the additional genome sequence of
the Temecula grapevine strain of X. fas-
tidiosa, will lead to a better understand-
ing of the molecular mechanisms of
Xylella fastidiosa pathogenicity and per-
haps suggest novel treatments for
Pierce’s disease. 
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EZ::TN™<KAN-2>Tnp 
Transposome™ Kit

TSM99K2 10 Reactions

EZ::TN™<DHFR-1>Tnp 
Transposome™ Kit

TSM99D1 10 Reactions

EZ::TN™<R6Kγori /KAN-2>Tnp
Transposome™ Kit

TSM08KR 10 Reactions   

Each Transposome™ kit contains the spe-
cific Transposome™ complex and two
unlabeled sequencing primers.

Make Your Own Transposon 
and Transposome
A custom EZ::TN Transposon  con-
taining any DNA sequence of inter-
est (e.g. selectable marker, control
element, gene, cDNA) can be
quickly and easily prepared using
the EZ::TN™ pMOD™-2 <MCS>
Transposon Construction Vector. To
prepare your transposon, clone the
DNA of interest into the multiple
cloning site and then release the 
transposon by PCR or by digestion
with Pvu II or PshA I. The transpo-
son can be used for in vitro inser-
tion into any target DNA, or it can
be incubated with EZ::TN
Transposase to form an EZ::TN
Transposome for random insertion
into the genomic DNA of living
cells. Your custom transposon will
also include primer binding sites at
either end for bidirectional
sequencing. No need to design
your own primers.

See page 15 of this FORUM for
ordering information.
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The FailSafe™ PCR System enabled con-
sistent and reproducible PCR amplifica-
tion of six different gene targets directly
from dried blood without prior nucleic
acid extraction of the genomic DNA
template.  

Introduction
Dried blood spots collected on Specimen
Collection Cards, commonly called
“Guthrie cards” (Figure 1), have been
used widely as valuable resources for
genetic studies, such as, determination
of hereditary diseases like phenylke-
tonuria and congenital hypothyroidism.
The ease of storage and transportation of
these cards with blood spots also lends
them to a variety of large field studies,
especially in remote areas. For example,
over 15,000 Guthrie cards with dried
blood spots were collected during a pre-
natal HIV transmission study in South
Africa.1

Polymerase chain reaction (PCR) is com-
monly used when evaluating Guthrie
card blood spots.  Unfortunately, ampli-
fication of DNA from dried Guthrie card
blood spots presents considerable tech-
nical difficulties due to the presence of
natural PCR inhibitors, e.g., protein,
heavy metals, heme, and heme degrada-
tion products,2 and the fact that the
amount of genetic material is limited. A
number of specialized protocols have
been developed to effectively recover
DNA from Guthrie card blood spots,3,4

although they still prove to be time con-
suming, cumbersome, and expensive,
especially for high throughput studies. 

In a previous report,5 we demonstrated
that the FailSafe PCR System enabled
direct PCR amplification using whole

blood that had been preserved under
various conditions, without prior purifi-
cation of the DNA template. This article
reports a fast and easy way to obtain
consistent, reproducible PCR amplifica-
tion directly from dried blood spots col-
lected on Guthrie cards or glass slides,
without the need for DNA extraction. 

Materials and Methods 
Identifying optimal PCR conditions

Primer pairs for six different gene targets
were tested independently with each
dried blood sample. First, the optimal
PCR reaction conditions for each primer
pair were identified using the FailSafe
PCR PreMix Selection Kit and purified
human genomic DNA as a template. The
appropriate optimal FailSafe PCR PreMix
was then used for all subsequent amplifi-
cations with each primer pair using dried

blood samples. For example, FailSafe
PCR PreMix J was identified as optimal
for the apoE gene amplification (Figure
2). Similarly, FailSafe PreMix C was cho-
sen for amplification of CFTR exon 11,
and PreMix G was chosen for amplifica-
tion of the four human microsatellite
markers (DXS6789, DXS7132,
GATA31E08, and GATA175D03). The
primer pairs, PCR amplification condi-
tions, and PCR product sizes for the 6
primer pairs are presented in Table 1. 

Methods for processing dried blood samples 

Fifty microliters of freshly drawn whole
blood was spotted onto Guthrie cards
and glass slides. Blood spots were
allowed to dry for at least 48 hours
before use. Three different methods were
used to process the dried blood samples
for use in PCR (Figure 3). 

Direct PCR from Dried Blood without DNA Extraction 
Using the FailSafe™ PCR System

Haiying Grunenwald, EPICENTRE

Gene Region PCR Cycling Expected size
amplified conditions of PCR product

apoE 94ºC 5 minutes
95ºC 30 seconds 268 bp
60ºC 30 seconds
72ºC 1 minute 

CFTR 94ºC 2 minutes
(cystic fibrosis 94ºC 10 seconds
transmembrane 53ºC 10 seconds 233 bp
conductance 74ºC 10 seconds
regulator) 74ºC 5 minutes
exon 11  

Human 
microsatellites: 94ºC 2 minutes
DXS6789 94ºC 1 minute 118 - 150 bp
DX7132 55ºC 1 minute 283 - 299 bp
GATA31E08 72ºC 1 minute 226 - 254 bp
GATA175D03 74ºC 4 minutes 170 - 186 bp

x 35

x 30

x 30

Table 1. PCR cycling
parameters and expected
product size from each of
the six primer pairs tested.
Each 50 µl FailSafe PCR
reaction contained 25 µl 
of the appropriate 
FailSafe PCR 2X PreMix,  
50 pmoles of each of the
respective primers and 
2.5 U of FailSafe PCR
Enzyme Mix. One
nanogram of purified
human genomic DNA 
was used to identify the
optimal FailSafe 2X PreMix
for each primer pair.

Figure 2. Identification of the optimal
FailSafe 2X PreMix for amplification of
the apoE gene. The apoE gene was
amplified from 1 ng of purified human
genomic DNA using all 12 FailSafe
PCR 2X PreMixes (A-L) contained in
the FailSafe PreMix Selection Kit.
Amplification conditions were as
described in Table 1. PCR products
were electrophoresed on a 2% agarose
gel and visualized with SyberGold™
(Molecular Probes). FailSafe 2X 
PreMix J produced optimal results 
for this template/primer pair. 

A  B  C  D  E F G H I J  K  L

268 bp

FailSafe™ 2x PreMix

Figure 1.  An example of a Guthrie card. 
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In Method 1, the sample used for
FailSafe PCR was a piece of a dried
blood spot on a Guthrie card. Thus, a
Guthrie card circle, completely filled
with 50 µl of dried blood, was cut into
20 pieces of similar size (each piece 
> 2mm x 2mm), and stored in a sterile
tube at room temperature until used. A
single piece of the cut up Guthrie card,
corresponding to about 2.5 µl of whole
blood, was used for analysis by FailSafe
PCR.

In Method 2, the sample used for
FailSafe PCR consisted of reconstituted
blood samples obtained by elution of
dried blood spots from Guthrie cards.
Guthrie card blood spots were cut into
approximately 10 pieces and combined
in a sterile 1.5 ml tube. Seventy-five
microliters of TE buffer (10 mM Tris-HCl,
pH 7.5; 1 mM EDTA) was added, and
the solution was incubated at room tem-
perature for 10 minutes, and then vor-
texed vigorously. The reconstituted
blood solutions were stored at 4ºC until
used. One microliter of the resulting
reconstituted blood, corresponding to
about 0.67 µl of the original whole
blood sample, was used for analysis by
FailSafe PCR. In another experiment
using reconstituted blood samples pre-
pared according to Method 2, Guthrie
cards were prepared for two individuals
using spots containing only 5 µl of
blood. Each dried blood spot was then
eluted with 10 µl of TE buffer and
FailSafe PCR of human microsatellite
marker GATA31E08 was performed
using 1 µl of the resulting reconstituted

blood solution, which corresponds to
0.5 µl of the original whole blood sample.

In Method 3, the sample used for
FailSafe PCR was reconstituted blood
from dried spots on glass slides. Thus, 
50 µl samples of fresh blood were dried
on a glass slide for 72 hours at room
temperature. Then, dried blood samples
were individually scraped into a sterile
microcentrifuge tube, reconstituted with
75 µl of TE buffer, vortexed vigorously,
and incubated at room temperature for 10
minutes. The reconstituted blood solu-
tions were stored at 4ºC until used. One
microliter of the resulting reconstituted
blood was used for analysis by FailSafe
PCR, which corresponds to about 0.67 µl
of the original whole blood sample. 

FailSafe PCR 

FailSafe PCR was performed using the
amounts and kinds of samples as

described in the section above entitled
“Methods for processing dried blood
samples,” and other reaction compo-
nents and conditions as described in
Table 1 for each of the six primer pairs.
Prior to PCR, the reaction tubes contain-
ing Guthrie card pieces were incubated
for 5 minutes at room temperature and
vortexed. Then, PCR reactions were
incubated using the cycling conditions
described in Table 1 and analyzed on
2% agarose gels visualized with
SyberGold™ (Molecular Probes). 

Results 
Figure 4 shows PCR results obtained
using samples processed according to
Method 1. Using dried blood spot pieces
from Guthrie cards for three different
individuals, all amplifications were suc-
cessful with all six primer pairs tested.
These amplifications were successfully
repeated three times to confirm the con-
sistency and reliability of this direct PCR
method.  

FailSafe PCR amplifications were also
successful with all six primer pairs and
all reconstituted blood samples tested
using samples prepared by Method 2. As
an example, the apoE amplification from
reconstituted dried blood from Guthrie
cards is shown in Figure 5, Lane 4.  PCR
amplifications using each of the six 
different primer pairs were successfully
repeated three times, confirming the
consistency and reproducibility of PCR
using samples prepared using this
method. Fibers from the Guthrie cards
that were present in the reconstituted
blood samples did not appear to inhibit
FailSafe PCR amplification. 

As observed with the other two methods,
FailSafe PCR was also successful with all
six primer pairs using reconstituted blood
samples prepared according to Method 3
from dried blood spots on glass slides. As
an example, the apoE amplification from
reconstituted blood from glass slides is

Figure 4. Direct PCR amplification of dried blood from cut up Guthrie card pieces using six different
primer pairs and blood from three different individuals. Six different PCR amplifications were carried out
using Guthrie card pieces from the dried blood of three individuals (A,B,C).  M, DNA size standards; 
Lane 1, Human microsatellite DXS6789; Lane 2, Human microsatellite DXS 7132; Lane 3, Human
microsatellite GATA31E08; Lane 4, Human microsatellite GATA175D03; Lane 5,  apoE; Lane 6, CFTR 
exon 11. PCR products were electrophoresed on a 2% agarose gel and visualized with SyberGold™ staining.

M  1  2  3  4  5  6  M M  1  2  3  4  5  6  M M  1  2  3  4  5  6  M
A B C

Guthrie Card

Dried blood spot 
cut into 4-9 pieces

. . .. . .
PCR amplification

Add all pieces to a tube with 
TE buffer. Incubate and 
vortex to reconstitute blood.

Method 2Method 1

. . .. . .

Dried blood spot cut
into 16-20 ~equal pieces

. . .. . .
Direct PCR amplification

Add 1 piece per
tube for each 
PCR reaction.

Aliquot reconsitituted
blood into PCR tubes
for each PCR reaction.

Add PCR 
reagents.

Glass Slide

Method 3

. . .. . .
PCR amplification

Aliquot reconsitituted
blood into PCR tubes
for each PCR reaction.

Scrape dried 
blood into a 
tube.  Add TE 
buffer, and 
vortex to 
reconstitute 
blood.

Figure 3. Summary of the three dried blood sample methods used for direct PCR. 
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shown in Figure 5, Lane 5. The six differ-
ent amplifications were also successfully
repeated three times.

Figure 5 summarizes the direct PCR
amplification results obtained with the
apoE primer pair using all three dried
blood preparation methods.

Conclusion 

The FailSafe PCR System permits consis-
tent and reproducible direct amplifica-
tion of genomic DNA targets in samples
of dried whole blood on Guthrie cards or
glass slides without any prior DNA
extraction. Thus, the FailSafe PCR System
provides a simple, economical and sen-
sitive method for analysis of DNA tem-
plates in blood samples, both for small
numbers of samples or for high through-
put applications. 

References
1. Briggar, R. J., et al. (1997) J. Acqui. Immune

Defic. Syndr. Hum. Retrovirol. 14, 368.

2. Makowski, G. S., et al. (1996) Ann. Clin. Lab
Sci. 26, 458.

3. Polski, J. M., et al. (1998) Mol. Pathol. 51,
215. 

4. Iovannisci, D. M., et al. (2000) EPICENTRE
Forum 7(1), 6. 

5. Grunenwald, H. (2000) EPICENTRE Forum 
7(4), 10

Figure 5. Amplification of the apoE gene by
direct PCR of dried blood samples prepared by
three different methods. M, DNA size standards;
Lane 1, Negative control; Lane 2, Positive control
using 1 ng of purified human genomic DNA;
Lane3, Method 1; Lane 4, Method 2; Lane 5,
Method 3. 

M  1  2  3  4  5

268 bp

FailSafe™ PCR PreMix Selection Kit
FS99060 60 Units

Contents:

60 units FailSafe™ PCR Enzyme Mix and
12 FailSafe™ PCR 2X PreMixes.

See the center insert for
additional information on the

FailSafe PCR System.

High Fidelity PCR Amplification of DNA 
from 20 Kb to >40 Kb Using the 

MasterAmp™ Extra-Long PCR Kit
The FailSafe™ PCR System is ideal for
consistent and accurate amplification
of any template up to about 20 Kb,
whatever its sequence and without
need for “hot start” techniques.
However, for sequences up to >40 Kb,
the MasterAmp™ Extra-Long PCR Kit
enables consistent and accurate
amplification (see Figure below for
lambda DNA regions). “Hot start”
techniques are typically not required
when using the MasterAmp Extra-
Long Kit. 

The MasterPure™ Extra-Long DNA
Polymerase contained in the kit com-
bines MasterAmp™ Taq DNA
Polymerase with a proprietary 3’ → 5’
proofreading enzyme to achieve PCR
fidelity at least three times better than
Taq DNA Polymerase alone. The kit

includes MasterAmp Extra-Long DNA
Polymerase and nine different Extra-
Long PCR 2X PreMixes for convenient
and fast PCR set-up.  The nine Extra-
Long PCR PreMixes each contain
buffer, dNTPS and differing amounts of
both Mg2+ and MasterAmp™ PCR
Enhancer (with betaine*). Once the
optimal PreMix is identified for a par-
ticular template/primer combination,
consistent amplification of the tem-
plate will be achieved using the same
PreMix.

* Patents issued and pending.

Figure 1. Amplification of 5, 10, 15, 20, 30,
35, and 40 Kb sequences from lambda DNA.
One nanogram of lambda DNA was used to
amplify 5, 10, 15, 20, 30, 35, and 40 Kb
sequences. Lane M, 5 Kb DNA ladder. Results
were analyzed on a 0.5% agarose gel run at
30 V for 20 hours.

Size Amplified (Kb)
M 5 10 15 20 30 35 40 M

2 1 8 8 4 4 4

MasterAmp High Fidelity 
Long PCR PreMix

← 40 Kb← 35← 30
← 25
← 20

← 15

← 10

← 5 Kb

MasterAmp™ Extra-Long PCR Kit

MHF9220 50 Reactions
Contents: 

MasterAmp™ Extra-Long PCR 
PreMixes 1-9

MasterAmp™ Extra-Long DNA 
Polymerase Mix

Control Lambda DNA/Primers

Individual Extra-Long PCR 2X PreMixes

MasterAmp™ Extra-Long PCR 2X PreMix 1

MHF925A 5 ml
MasterAmp™ Extra-Long PCR 2X PreMix 2

MHF925B 5 ml
MasterAmp™ Extra-Long PCR 2X PreMix 3

MHF925C 5 ml
MasterAmp™ Extra-Long PCR 2X PreMix 4

MHF925D 5 ml
MasterAmp™ Extra-Long PCR 2X PreMix 5

MHF925E 5 ml
MasterAmp™ Extra-Long PCR 2X PreMix 6

MHF925F 5 ml
MasterAmp™ Extra-Long PCR 2X PreMix 7

MHF925G 5 ml
MasterAmp™ Extra-Long PCR 2X PreMix 8

MHF925H 5 ml
MasterAmp™ Extra-Long PCR 2X PreMix 9

MHF925I 5 ml

MasterAmp™ Extra-Long DNA
Polymerase Mix

QU92125 125 U
QU92500 500 U
QU9201K 1,000 U
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Pathogen infection can activate several
classes of pathogenesis-related (PR)
genes in a wide range of plant species.
However, very little is known about
pathogen-induced defense responses in
sugarbeet plants.  In a collaborative
effort with Barry Jacobsen’s group
(Montana State University) we are seek-
ing to characterize the molecular and
biochemical basis for induced defense
responses against pathogens in sugar-
beet leaves.  Since very few genes have
been isolated from sugarbeet, a neces-
sary first step toward this end entailed
isolating and cloning, by RT-PCR, a bat-
tery of PR gene transcripts from sugar-
beet leaves to use as molecular probes
to monitor defense response activation.
Chitinase, peroxidase, and β-glucanase
genes were initially selected as candi-
date markers because they have been
previously demonstrated as reliable
markers for induced defense responses
in other plant species.  The
MasterAmp™ High Fidelity RT-PCR Kit
was chosen because of its excellent sen-
sitivity, and its utilization of a blend of
high fidelity PCR enzymes to ensure
accurate sequence of the RT-PCR prod-
ucts.

Sugarbeet leaves were treated with
either the plant defense response elicitor
benzothiadiazole (BTH) or water (nega-
tive control).  Total RNA was isolated by
a modified phenol-SDS procedure fol-
lowed by LiCl precipitation.  This RNA
was used as template for RT-PCR.  

RT-PCR primer design
The degenerate primer (poly-T lok) con-
sisting of 20 T residues ending in either
A, C, or G at its 3’-end was used as the
reverse transcription (RT) primer.  Since
very little sequence information is avail-
able for sugarbeet genes, PCR primers
for each RNA transcript were designed
by first comparing amino acid
sequences of comparable known genes
from diverse plant species. We identified
conserved domains for each of the three
model response markers and then made
internal degenerate oligonucleotide
primers for the subsequent PCR step.
The degree of degeneracy for the inter-
nal primers ranged from 128X-512X.

RT-PCR Method
RT-PCR was performed according to the
standard one-step, one-tube continuous
RT-PCR protocol described in the
MasterAmp High Fidelity RT-PCR Kit
product literature. First, 300 ng of total
RNA from BTH-treated plants, 150
pmoles (3 µM final concentration) of
poly-T lok primer, and an added RNase
inhibitor were combined and heated to
65º C for 5 minutes followed by imme-
diate immersion in an ice-water bath.
After 3-5 minutes on ice, the remainder
of the RT-PCR reagents (MasterAmp 2X
RT-PCR PreMix, MMLV-RT Plus,
MasterAmp TAQurate™ DNA Polymerase
Mix and the transcript-specific PCR
Primer 2) were added.  Optimum first
strand synthesis (reverse transcription)
for our model plant system was per-
formed at 45ºC for 40-45 minutes. The
reaction was then transferred to a 95ºC
heat block for 2 minutes followed by 

36-38 PCR amplification cycles using
cycling conditions optimized for each
primer pair. The final RT-PCR products
were cloned and the DNA sequences of
each determined.

Results
Figure 1a shows a typical RT-PCR result
obtained using EPICENTRE’s MasterAmp
High Fidelity RT-PCR Kit.  Even when
performing RT-PCR with degenerate
primers, the MasterAmp High Fidelity
Kit produced complete RT-PCR product
without artifacts. In contrast, using the
same primers and template, an RT-PCR
kit from another supplier did not pro-
duce any identifiable RT-PCR product
except in the control reaction (Figure
1b).  The identities of the cloned RT-PCR
products produced using the MasterPure
High Fidelity RT-PCR Kit were confirmed
by DNA sequencing.  Sequence compar-
ison of the cloned sugarbeet genes to
related homologues from other plant
species revealed a surprising degree of
divergence in the sugarbeet sequences.

We used the cloned sequences as
probes in Northern analysis and con-
firmed that the three marker genes were
induced systemically after treatment of
sugarbeet leaves with BTH (data not
shown).  In contrast, no induction of the
marker genes was seen in leaves treated
with water. Complete results of this work
will be published elsewhere.

Cloning and Identification of Expressed Plant Defense Genes 
Following RT-PCR Using the MasterAmp™ High-Fidelity RT-PCR Kit 

and Degenerate Primers 
Daniel Bergey, Rebecca Bargabus, and Maria Hernandez

Department of Plant Sciences & Plant Pathology, Montana State University

MasterAmp™ 
High Fidelity RT-PCR Kit

RF91025 25 Reactions
RF910100 100 Reactions
Contents:

MMLV-RT Plus, MasterAmp™ TAQurate™
DNA Polymerase Mix, MasterAmp™ 2X
RT-PCR PreMix (includes dNTPs),
MasterAmp™ 10X PCR Enhancer, Random
Nonamer Primer, Oligo (dT)18 Primer,
Control Template and Primer Mix, 
Sterile Water

Figure 1a. The MasterAmp™
High Fidelity RT-PCR Kit
produced a single sugarbeet
β-1, 3 glucanase RT-PCR
product with no artifacts.
Lane 1, 100 bp size ladder;
Lane 2, RT-PCR product from 
50 ng total RNA; Lane 3,
from 250 ng total RNA; 
Lane 4, from 1000 ng total
RNA.

Figure 1b. A competi-
tor’s RT-PCR Kit pro-
duced no discernable
sugarbeet β-1, 3 
glucanase RT-PCR
products. Lane 1, 
RT-PCR product from
25 ng total RNA; Lane
2, from 250 ng total
RNA; Lane 3, from
1000 ng total RNA;
Lane 4, 100 bp ladder;
Lane 5, negative con-
trol (no added RNA);
Lane 6, negative con-
trol (no added primers);
Lane 7, positive control
(manufacturer’s kit 
control).

Figure 1. Comparison of the sugarbeet β-1, 3
glucanase RT-PCR product produced using
the MasterAmp™ High Fidelity RT-PCR Kit
and a competitor’s Kit. RT-PCR ws performed
using highly degenerate primers and total
RNA purified from benothiadiazole-treated
sugarbeet leaves.
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EPICENTRE’s new BuccalAmp™ DNA
Extraction Kits are single-tube systems
for rapid preparation of DNA from buc-
cal (cheek) samples for use in PCR
amplification assays. BuccalAmp Kits
incorporate a new QuickExtract™ DNA
Extraction Solution that permits process-
ing of samples using a simplified new
protocol (Figure 1). 

The QuickExtract Solution is pre-
aliquoted into individual sample tubes.
To obtain PCR-ready DNA, just rotate
the buccal sample swab in one of these
tubes, mix and heat. No centrifugation
step is needed, making it easy to process
one to hundreds of samples in less than
an hour-without phenol, chloroform, or
other toxic organic solvents.

Buccal samples are easy to collect and
transport
BuccalAmp Kits include Catch-All™
Sample Collection Swabs-a soft foam
swab on a soft, flexible plastic handle
(Figure 2). Catch-All Swabs provide gen-
tle, safe buccal sample collection, even
for infants, and the porous foam on
these swabs catches more of the sample

than buccal brushes. The use of buccal
(cheek) samples eliminates the time and
discomfort required for sample collec-
tion by blood draws and minimizes
exposure to harmful pathogens. Nor
does sample collection require a health
care professional.

Catch-All Swabs are provided individu-
ally packaged in sterile hard-pack plas-
tic cylinders. After collecting the sample,
return the sample swab to the cylinder
package, for safe, secure storage and
transport from the collection site to the
analysis site. 

High yields of PCR-ready genomic DNA 
Buccal DNA yield per individual ranges
from 1-7 µg - more than other methods
and enough to perform at least 100 PCR
assays. The DNA obtained is suitable for
PCR amplification of even difficult
sequences, including both GC-rich
sequences (Figure 3) and long amplifica-
tions (Figure 4).

Useful for many applications
BuccalAmp DNA Extraction Kits and
Catch-All Sample Collection Swabs are
useful for any application benefiting
from rapid, easy extraction of PCR-ready
DNA from Buccal samples. Examples
include human or animal identity test-
ing, SNP analysis, and assays for viruses,
bacteria, and other microorganisms. 

Since no centrifugation step is used,
BuccalAmp DNA extraction is easily
automated in a 96-well format.
QuickExtract DNA Extraction Solution
and Catch-All Sample Collection Swabs
are available separately and in bulk for
high throughput applications. 

New BuccalAmp™ DNA Extraction Kit Revolutionizes 
Buccal Sample Collection and Processing

M 1 2 3 4 5 6 7 8 9 10

Figure 2. Catch-All Sample Collection Swabs
(upper) are gentle and effective - even for 
pediatric sampling. The porous swab improves
DNA yields by absorbing more sample than stan-
dard buccal brushes (lower).

Figure 3. PCR amplification of the GC-rich tumor
necrosis factor gene from DNA obtained from 9
individuals using the BuccalAmp™ DNA
Extraction Kit. The 740-bp product was amplified
using the FailSafe™ PCR System. Lane M, 100 bp
ladder; Lane 1, negative control.

Figure 4. PCR amplification of a 5.5 Kb sequence
from DNA obtained from 7 individuals using the
BuccalAmp™ DNA Extraction Kit. DNA was
amplified using the FailSafe™ PCR System. 
Lane M, Kb ladder.

M  1  2  3  4  5  6  7

DNA sample
ready for PCR.

Heat at 65oC 
for 30 min. 
and 98oC 
for 15 min.

Rotate swab 
on the inside 
of cheek.

Rotate swab in 
QuickExtract 
DNA Extraction
Solution.

Figure 1. Procedure for obtaining PCR-ready
DNA using the BuccalAmp™ DNA Extraction
Kit. 

BuccalAmp™ DNA Extraction Kit 

BQ0901S 1 Kit
BQ0908S 8 Kits
BQ0916S 16 Kits
Contents:
15 tubes (1 extraction/tube) of
BuccalAmp™ QuickExtract™ Solution 1.0. 
15 individually-packaged sterile Catch-All™
Swabs.

QuickExtract™ DNA Extraction 
Solution 1.0

QE09050 50 ml
Bulk solution, sufficient to perform 100
extractions.

Catch-All™ Sample Collection Swabs

QEC091H 100 swabs
100 individually-packaged swabs in sterile
hard-pack plastic cylinders.

Contact EPICENTRE or your local distributor
to discuss discounts for larger quantities, 
special packaging, or standing orders for 
any of the above items.



Purify DNA or RNA
from any sample,
every time.

We guarantee it.

MasterPure
Whatever the specimen, 

whatever its size or scarcity,

MasterPure™ DNA & RNA
Purification Kits give 

consistent quality and yield —

your PCR will never suffer
from poor sample preparation.

The MasterPure Kit has been used for
almost every type of sample you can 
imagine: dried and fresh whole blood, 
plasma, serum, fresh and paraffin-
embedded tissues, mouse tail snips,
buccal cells, saliva, urine — you name 
it — purifying for HIV, HCV, HPV, E. coli,
yeast, M. tuberculosis, human or 
mammalian genomic (among others).
No matter what the source,
MasterPure gives efficient isolation
of DNA and RNA — even from the
smallest of samples — every time.

MasterPure uses a simple salt 
precipitation protocol that takes less
than an hour. It uses no filters,  no spin
columns, no membranes, no phenol, 
no chloroform — nothing to harm you
or cut yields. Yet you’ll get extreme 
purity, with O.D.

260/280
ratios 

between 1.8 and 2.0.

We guarantee that MasterPure will
work for you. Try a MasterPure DNA 
or RNA Purification Kit at no risk. 
If you’re not completely satisfied, 
you pay nothing.

MasterPure™

DNA & RNA Purification Kits

EPICENTRE ®

www.epicentre.com
800-284-8474



Greater YieldsConsistent Purity
Consistently obtain DNA or RNA free of protein.

Total NA DNA RNA

Total nucleic acid, DNA and RNA were purified from
a liquid E. coli culture sample

High Sensitivity

Extensive Sample Range
Using an extremely simple salt precipitation protocol, 
DNA or RNA can be isolated from virtually any source in 
less than 1 hour.

Mammalian Systems
HIV
E. coli
HCV
B. pertussis
RSV
Yeast
M. tuberculosis
Enterovirus
HPV
Soy
Maize
Insect Tissues

Serum
Plasma
Whole Blood
Buccal Cells
Liver
Mouse Tail
Kidney
Saliva
Urine
Sputum
Tissue Culture Cell Lines
Cervical Cells
Paraffin Tissues

Examples of
Targets Analyzed

Examples of
Samples Extracted

The MasterPure co-precipitant greatly improves sensitivity.
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Spin Column Method MasterPure Complete

PCR amplification after extraction from the indicated
number of E. coli cells

Get higher yields with the MasterPure Complete DNA and
RNA Purification Kit than with spin column-based 
methods.

DNA was purified from 1.75 x10
8 E. coli cells and quantified

by fluorometry

1.0

0.8

0.6

0.4

0.2

0.0

Theoretical
maximum yield
from 1.75 x 108

E. coli cells is 
0.76 µg DNA

MasterPure
Complete

Spin Column
Method

Yield
(µg DNA)

Safe and Easy to Use
• No caustic solvents

• No cumbersome columns

Ordering Information

MMaasstteerrPPuurree™™ CCoommpplleettee  DDNNAA  aanndd  RRNNAA  PPuurriiffiiccaattiioonn  KKiitt

(for isolating TNA, DNA, or RNA)

MC89010 10 Purifications

MC85200 200 Purifications

MMaasstteerrPPuurree™™ DDNNAA  PPuurriiffiiccaattiioonn  KKiitt

(for isolating TNA or DNA)

MCD85201 200 Purifications

MMaasstteerrPPuurree™™ RRNNAA  PPuurriiffiiccaattiioonn  KKiitt

(for isolating RNA only)

MCR85102 100 Purifications

TTrryy OOuurr1100  PPuurriiffiiccaattiioonnSSiizzee!!

MasterPureMasterPure™

DNA & RNA Purification Kits
Now you can purify DNA or RNA from any sample, every time!
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Identification of Permissive and Non-Permissive Peptide Insertion Sites
in β-galactosidase using the EZ::TN™ In-Frame Linker Insertion Kit

Jeannie Bailey and Colin Manoil, University of Washington, Seattle, WA

Introduction
The analysis of in-frame insertions has
proved to be an effective method for dis-
secting structure-function relationships
in proteins, including the identification
of permissive sites for protein engineer-
ing applications. In this report, we
describe the identification of several per-
missive and semi-permissive sites in the
E. coli β−galactosidase (lacZ gene) using
the EZ::TN™ In-Frame Linker Insertion
Kit. (Editor’s note: An overview of this kit
is presented on p. 2). 

Methods
In-frame 19-codon insertions were gen-
erated in the lacZ gene cloned in
pMLB1101, a pBR322 derivative that
also encodes an ampicillin-resistance
marker (bla gene), as described in the
EZ::TN In-Frame Linker Insertion Kit
instructions.  

First, 0.02 picomoles of the EZ::TN™
<Not I/KAN-3> Transposon and 0.02
picomoles of the pMLB1101 plasmid
(0.1 microgram) were incubated in a 10-
µl reaction mixture containing EZ::TN™
Transposase and reaction buffer for 2
hours at 37ºC. EZ::TN Stop Solution was
added to terminate the reaction and 1 µl
of the reaction mixture was used for
electroporation of a ∆lac recA- electro-
competent E. coli strain.  After 30 min-
utes of recovery, cells were plated on
rich medium containing 50 µg/ml
kanamycin to select for EZ::TN
Transposon insertion clones and 40
µg/ml XG (X-gal; 5-Bromo-4-chloro-3-
indolyl β-D-galactopyranoside) and
1mM IPTG (Isopropyl β-D-thiogalac-
topyranoside) to screen for β-galactosi-
dase activity. White, kanamycin-resistant
colonies (denoted as “XG minus”) were
indicative of insertion of the 1167-bp
EZ::TN <Not I/KAN-3> Transposon into

the lacZ gene of pMLB1101, with result-
ant “knockout” of the β-galactosidase
activity. Twelve XG minus clones (puta-
tive lacZ insertion clones) were initially
chosen for analysis. One of the 12
clones was found to be ampicillin sensi-
tive, suggesting it had acquired an addi-
tional insertion or some other mutation
in the bla gene of pMLB1101.
Restriction digest “fingerprints” of the
other 11 XG minus clones confirmed
that a single EZ::TN <Not I/KAN-3>
Transposon had been inserted into the
lacZ gene. These 11 clones were used
for generating 19-codon (19-amino
acid) in-frame insertions by Not I diges-
tion and re-ligation. Thus, each clone
was independently digested with Not I

to release the kanamycin marker from
the inserted EZ::TN <Not I/KAN-3>
Transposon, re-ligated, and transformed
into ∆lac E. coli.  Colonies were selected
and analyzed for growth on ampicillin
agar plates containing XG and IPTG
(Figure 1). 
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DNA Ligation in 
5 minutes…

See p. 13.
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CD
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Figure 1. The growth on XG indicator agar of
cells expressing different levels of β-galactosidase
activity from cloned lacZ gene variants produced
using the EZ::TN™ In-Frame Linker Insertion Kit.
The plasmids carried in the different strains (clock-
wise from the top) are A) pBR322 (negative con-
trol), B) insertion clone D671, C) insertion clone
G20, D) insertion clone L631, E) pMLB1101
(lacZ+; positive control).  See Figure 4 for the
exact 19-amino acid insertion site of each clone.
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The FailSafe PCR System sets a new standard for PCR by combining a unique blend of thermostable
enzymes and an extensively tested set of reaction “PreMixes” into a single system. This system contains
everything you need (including dNTPs) for successful PCR. The FailSafe PCR System is designed to solve
all your PCR problems. 

Don’t spend days or weeks optimizing or trou-
bleshooting your PCR reaction. Instead, start with
the FailSafe PCR PreMix Selection Kit. This kit con-
tains everything you need for successful PCR: the
FailSafe PCR Enzyme Mix and carefully designed
FailSafe PCR PreMixes with dNTPs, buffer, and vari-
ous amounts of MgCl2 and FailSafe PCR Enhancer

The FailSafe PCR PreMix Selection Kit — Successful PCR with Any Template

(with betaine).*  Simply add a cocktail with your
primers, template and the enzyme mix to each of
the twelve FailSafe PCR PreMixes and amplify. At
least one FailSafe PreMix is guaranteed to amplify
your template. Then…order additional FailSafe PCR
Enzyme Mix and specify the FailSafe PCR
PreMix(es) that works best for you.
*Patents issued and pending. 

The FailSafe PCR System assures successful and
optimal PCR every time. This increased consistency
is due in part to the FailSafe PCR PreMixes that
contain the FailSafe PCR Enhancer (with betaine).

Accurate amplification is critical for many applica-
tions. The FailSafe PCR Enzyme Mix includes a
3’➝ 5’ proofreading enzyme that delivers fidelity
significantly greater than Taq (fig.1). EPICENTRE's
patented PreMix component also insures that 

Expand™ High Fidelity 

LA Taq™

rTth DNA 
Polymerase, XL

FailSafe™ PCR 
Enzyme Mix

AmpliTaq™

MasterAmp™ Taq

PCR Mutation Frequency (errors per 1100
66 base-

pairs)(lower value represents higher fidelity) 

Figure 1

Fidelity comparison of FailSafe PCR Enzyme Mix
with other supplier’s enzymes.

Figure 2 & 3

High sensitivity with the FailSafe PCR Enzyme System. Fragile X FMR1 (containing 80-85% GC-rich regions) 
and 5 exons of CFTR were amplified with various amounts of human genomic DNA (0 to 100 ng).

As shown in figure 5, FailSafe PCR PreMix J was
able to consistently amplify a GC-rich region of
human fragile X gene.

10 20 30 40

CFTR 55 Band MultiplexFragile X

MW 0 1 10 50 100 ng human
genomic
DNA

MW 0 1 10 50 100 ng human
genomic
DNA

your reactions will suffer no loss in sensitivity, 
as often occurs with other “high fidelity” systems. 
As shown in figures 2 & 3, the FailSafe PCR System
amplifies challenging templates with as little as 
1 ng of human genomic DNA.

Consistent and Reliable PCR Results

A Complete System of Enzyme Mix and Reagents

Greater Accuracy and Sensitivity

Step 1

Perform PCR using the FailSafe
PCR PreMix Selection Kit.

Step 2

Choose the FailSafe PCR
PreMix that provides the 

best amplification for your 
template and primers.

Step 3

Order the FailSafe PCR Enzyme
Mix and specify this FailSafe PCR

PreMix for all subsequent 
amplifications of the template.

➡ ➡

FailSafe™ PCR System: A New Standard in
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FailSafe PCR 22X PreMix

Amplifying long templates used to require tedious,
repetitive rounds of optimization. With the FailSafe PCR
System, your optimization time is minimized to a single
reaction set and your reaction yield is maximized. The
FailSafe PCR System can easily amplify templates up to
20 kb in length (fig. 6).

Do you have any templates you’ve never been able to
PCR? Try them again! The FailSafe PCR System can han-
dle the toughest amplifications. Templates with high GC
content and templates with extensive secondary struc-
ture have been amplified successfully and consistently.
Specifically, a 250-350 bp region of the fragile X gene
(human FMR1 gene) with a GC content of 80-85% was

“Difficult Amplifications” are No Longer Difficult with the FailSafe PCR System

GC-Rich Template Amplification Made Easy

Successful Multiplex 

Amplification on the First Try

Figure 4

Amplification of an 80-85%
GC-rich region of the human
fragile X gene using each 
of the 12 FailSafe PCR
PreMixes (A-L). PreMix J
produced optimal results.
M, molecular weight marker.

Figure 5

Amplification of an 80-85% GC-rich
region of the human fragile X gene
from 4 individuals was performed
using FailSafe™ PCR PreMix J.
Note that because the number of
CGG repeats varies among 
different individuals, the size of
the resulting PCR product varies.

Figure 7
Multiplex PCR amplification 
of 55 CFTR exons. Multiplex 
PCR was performed on the 
5 CFTR exons with the FailSafe
PCR PreMix Selection Kit to
determine the optimal PreMix.
The results using the optimal
PreMix (FailSafe PCR PreMix C)
are shown. M, molecular marker.

Figure 6

Amplification of 
a wide range of
sequence sizes
from different
sources using 
the FailSafe PCR
System. The
results using the
optimal FailSafe
PCR PreMix deter-
mined from each
set of reactions 
is shown. 
M, 5 kb ladder.

initially amplified using the FailSafe PCR PreMix
Selection Kit. The optimal PreMix for amplification was
easily determined to be FailSafe PCR PreMix J (fig. 4).
Consistent results were then obtained for amplification
of this high GC region region of the human fragile X gene
from 4 separate individuals using FailSafe PCR PreMix J
(fig. 5).
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Amplify Templates at Least 20 kb in Length

The FailSafe PCR System also works well for multiplex
amplification. For example, figure 7 shows the 
amplification results for 5 exons from the cystic fibrosis
transmembrane conductance regulator (CFTR) gene
using the optimal FailSafe PCR PreMix identified with the
FailSafe PCR PreMix Selection Kit. This multiplex analysis
resulted in the correct size PCR product for each exon.

Performance and Reliability

FailSafe PCR PreMix

Get consistent results with
the FailSafe PCR System.



Using the FailSafe PCR System, you can perform
PCR using fresh or sodium heparin-preserved
whole blood or blood dried on Guthrie cards or

glass slides…without the need to first purify the
genomic DNA.

Direct PCR from Whole or Dried Blood

FailSafeTM PCR System Ordering Information

FailSafe™ PCR PreMix Selection Kit

Cat. No. Size

FS99060 - B2 60 Units

Contains FailSafe PCR Enzyme Mix and the 12 FailSafe PCR 2X PreMixes (200 µl each).
First, use the FailSafe PCR PreMix Selection Kit to identify the optimal FailSafe PCR PreMix for your template/primer pair.

Individual FailSafe™ PCR 22X PreMixes*

FailSafe PCR 22X PreMix
A B C D E F G H I J K L

Cat. # FSP995AA FSP995BB FSP995CC FSP995DD FSP995EE FSP995FF FSP995GG FSP995HH FSP995II FSP995JJ FSP995KK FSP995LL

Size 2.5ml 2.5ml 2.5ml 2.5ml 2.5ml 2.5ml 2.5ml 2.5ml 2.5ml 2.5ml 2.5ml 2.5ml

*Contain dNTPs, buffer, and various amounts of MgCl
2

and FailSafeTM PCR Enhancer (with betaine**) 

**Patents issued and pending on FailSafe PCR Enhancer.

Please contact EPICENTRE at:
Toll-free in the USA: 800-284-8474 web site: www.epicentre.com
Phone: 608-258-3080 e-mail: techhelp@epicentre.com
Fax: 608-258-3088 Outside the USA: please contact your local EPICENTRE distributor

©2001 EPICENTRE Technologies. All rights reserved. EPICENTRE is a registered trademark and FailSafe and MasterAmp are trademarks of EPICENTRE Technologies.
AmpliTaq is a trademark of The Perkin-Elmer Corp. Expand is a trademark of Boehringer Mannheim Corp. LA Taq is a trademark of Takara Shuzo Co., Ltd. This 
product is accompanied by a limited license to use it in the Polymerase Chain Reaction (PCR) and RT-PCR for life science research in conjunction with a thermal
cycler whose use in the automated performance of the PCR process is covered by the up-front license fee, either by payment to Perkin-Elmer or as purchased, i.e.,
an authorized thermal cycler. FailSafe PCR Enzyme Mix is made by EPICENTRE using a licensed technology covered under U.S.Patent No. 5436149 and other patents
pending worldwide owned by TaKara Shuzo Co., Ltd.

FailSafe™ PCR System

No. of FailSafe PCR 22XX PreMixes
Cat. No. Size Included (22..55 ml ea.)

FS99100 100 Units Choice of 1

FS99250 250 Units Choice of 2

FS9901K 1,000(4 X 250) Units Choice of 8

Order additional FailSafe PCR Enzyme Mix and specify the FailSafe PCR PreMix(es) that work best for you.
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Amplification of a 200 bp region
of human hemochromatosis gene
directly from blood stored at 4ºC
in sodium heparin using FailSafe
PCR PreMix D.  M, molecular
weight marker; Lane 1 negative
control; Lane 2, PCR using 
purified human genomic DNA as 
a positive control; Lane 3, PCR
using whole blood preserved with
sodium heparin.

Figure 9

FailSafe PCR amplification of
regions of 6 different genes
directly from human blood dried
on Guthrie cards. Lane 1, PCR of
microsatellite DXS6789; Lane 2,
PCR of microsatellite DXS7132;
Lane 3, PCR of microsatellite
GATA31E08; Lane 4, PCR of
microsatellite GATA175D03; Lane 5,
PCR of apoE; Lane 6, PCR of CFTR
exon 11; M, molecular weight 
marker.
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Identification of Permissive and Non-Permissive Peptide Insertion Sites
in β-galactosidase using the EZ::TN™ In-Frame Linker Insertion Kit

Jeannie Bailey and Colin Manoil, University of Washington, Seattle, WA

Introduction
The analysis of in-frame insertions has
proved to be an effective method for dis-
secting structure-function relationships
in proteins, including the identification
of permissive sites for protein engineer-
ing applications. In this report, we
describe the identification of several per-
missive and semi-permissive sites in the
E. coli β−galactosidase (lacZ gene) using
the EZ::TN™ In-Frame Linker Insertion
Kit. (Editor’s note: An overview of this kit
is presented on p. 2). 

Methods
In-frame 19-codon insertions were gen-
erated in the lacZ gene cloned in
pMLB1101, a pBR322 derivative that
also encodes an ampicillin-resistance
marker (bla gene), as described in the
EZ::TN In-Frame Linker Insertion Kit
instructions.  

First, 0.02 picomoles of the EZ::TN™
<Not I/KAN-3> Transposon and 0.02
picomoles of the pMLB1101 plasmid
(0.1 microgram) were incubated in a 10-
µl reaction mixture containing EZ::TN™
Transposase and reaction buffer for 2
hours at 37ºC. EZ::TN Stop Solution was
added to terminate the reaction and 1 µl
of the reaction mixture was used for
electroporation of a ∆lac recA- electro-
competent E. coli strain.  After 30 min-
utes of recovery, cells were plated on
rich medium containing 50 µg/ml
kanamycin to select for EZ::TN
Transposon insertion clones and 40
µg/ml XG (X-gal; 5-Bromo-4-chloro-3-
indolyl β-D-galactopyranoside) and
1mM IPTG (Isopropyl β-D-thiogalac-
topyranoside) to screen for β-galactosi-
dase activity. White, kanamycin-resistant
colonies (denoted as “XG minus”) were
indicative of insertion of the 1167-bp
EZ::TN <Not I/KAN-3> Transposon into

the lacZ gene of pMLB1101, with result-
ant “knockout” of the β-galactosidase
activity. Twelve XG minus clones (puta-
tive lacZ insertion clones) were initially
chosen for analysis. One of the 12
clones was found to be ampicillin sensi-
tive, suggesting it had acquired an addi-
tional insertion or some other mutation
in the bla gene of pMLB1101.
Restriction digest “fingerprints” of the
other 11 XG minus clones confirmed
that a single EZ::TN <Not I/KAN-3>
Transposon had been inserted into the
lacZ gene. These 11 clones were used
for generating 19-codon (19-amino
acid) in-frame insertions by Not I diges-
tion and re-ligation. Thus, each clone
was independently digested with Not I

to release the kanamycin marker from
the inserted EZ::TN <Not I/KAN-3>
Transposon, re-ligated, and transformed
into ∆lac E. coli.  Colonies were selected
and analyzed for growth on ampicillin
agar plates containing XG and IPTG
(Figure 1). 
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DNA Ligation in 
5 minutes…

See p. 13.
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Figure 1. The growth on XG indicator agar of
cells expressing different levels of β-galactosidase
activity from cloned lacZ gene variants produced
using the EZ::TN™ In-Frame Linker Insertion Kit.
The plasmids carried in the different strains (clock-
wise from the top) are A) pBR322 (negative con-
trol), B) insertion clone D671, C) insertion clone
G20, D) insertion clone L631, E) pMLB1101
(lacZ+; positive control).  See Figure 4 for the
exact 19-amino acid insertion site of each clone.
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Lambda Exonuclease is a highly proces-
sive 5’→3’ exodeoxyribonuclease that
selectively digests the phosphorylated
strand of double-stranded DNA. The
preferred substrate is blunt-ended, 5’-
phosphorylated double-stranded-DNA.
The enzyme has reduced activity against
nicked DNA and against single-stranded
DNA and gapped DNA1.

Applications
SSCP (single-strand conformation poly-
morphism) analysis of PCR product2,3.

Generate single-stranded DNA sequenc-
ing template from PCR product.

Unit Definition: One unit will produce
10 nmoles of acid soluble deoxyribonu-
cleotides from double-stranded DNA
template in 30 minutes at 37ºC in 1X
Lambda Exonuclease Reaction Buffer.

Quality Control: Lambda Exonuclease is
function-tested to ensure complete and
preferential degradation of PCR product
produced using 5’-phosphorylated
primers. PCR product made using primers

containing 5’-OH ends is not digested.
Lambda Exonuclease is tested to be free of
contaminating endonuclease activities.

References
1. Mitsis, P.G. and Kwagh,J.G. (1999), Nucl.

Acid. Res. 27(15):3057

2. Schwieger, F. and Tebbe, C.C (1998), App.
And Environ. Microb. 64(12):4870

3. Schwieger, F. and Tebbe, C.C (2000), App.
And Environ. Microb. 66(8):3556

Exonuclease I specifically digests single-
stranded DNA, containing a 3’-OH, in a
3’→5’ direction. Although the enzyme
requires Mg+2 for activity, it is active in a
wide variety of buffers and can be added
directly into most reaction mixes.
Exonuclease I can be heat inactivated by
incubation at 80ºC for 15 minutes.

Applications
Removal of residual single-stranded
DNA and oligonucleotides from reac-
tion mixes.

Selective removal of single-stranded
DNA from nucleic acid mixtures.

Quality Control
Exonuclease I is tested for selective
degradation of single-stranded DNA and
is free of detectable RNase, endonucle-
ase and double-stranded exonuclease
activities.

Figure 1. Specificity of Exonuclease I for single-
stranded substrates. 200 ng of pUC19 DNA lin-
earized with EcoR I and 1µg of a 100-mer single-
stranded oligonucleotide were mixed in 1X TA
Buffer (33 mM Tris-acetate, pH 7.8, 66 mM potas-
sium acetate, 10 mM magnesium acetate, and 0.5
mM DTT) and incubated at 37°C for 20 minutes
in the absence or presence of 10 U of
Exonuclease I (Exo I). Reaction products were 
separated by electrophoresis on a 1% agarose gel.
Lane 1, molecular weight markers; Lane 2, minus
Exo I treatment; Lane 3, plus Exo I treatment.
Exonuclease I completely digested the linear 
single-stranded oligonucleotide while leaving 
the linear double-stranded plasmid DNA intact.

1  2  3

– ds plasmid

– ss oligo

Lambda Exonuclease

LE015H 500 Units 10 U/µl
LE012K 2,500 Units 10 U/µl

Each includes 10X Reaction Buffer
Lambda Exonuclease is also available in
bulk. Please inquire.

Exonuclease I, E. coli

X40501K 20 U/µl 1,000 U
X40505K 20 U/µl 5,000 U
X40520K 20 U/µl 20,000 U

Exonuclease I is also available in bulk.
Please inquire.

Completely Remove Oligonucleotides and Single-Stranded DNA 
From Your Reaction Mixes Using Exonuclease I

Produce Single-Stranded PCR Product for 
SSCP or Sequencing Using Lambda Exonuclease

NEW
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Figure: Lambda Exonuclease selectively digests
the strand of a PCR product produced using a
PCR primer with a 5’-phosphate. The resulting
single-strand PCR product can be used for SSCP
analysis or sequencing. 

Figure 2. Exonuclease I selectively digests single-
stranded DNA with a 3’-OH in a 3’→5’ direction.
Exonuclease I can be used to completely remove
oligonucleotides and single-strand DNA from 
reaction mixes and nucleic acid preparations.
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Introduction
EPICENTRE’S AmpliScribe™ T7, T3, and
SP6 High Yield Transcription Kits have
been specially formulated to utilize high
concentrations of NTPs that are inhibito-
ry to other kits and conventional, in vitro
transcription systems. Yields of up to 
150 µg of full length RNA per µg of DNA
template in a standard 20 µl reaction
can be consistently realized.

Here we compare the performance of
the AmpliScribe T7 High Yield
Transcription Kit with in vitro transcrip-
tion kits from two other suppliers and
with a conventional T7 RNA Polymerase
transcription reaction. Comparative
analyses of in vitro transcription reaction
products were based on both the yield
and the integrity of the RNA produced.

Methods
Linear DNA templates were generated
by restriction enzyme digestion of plas-
mid DNA. The digested DNA was treat-
ed with 200 µg/ml Proteinase K and
0.5% SDS for 30 minutes at 50ºC to min-
imize nuclease contamination. Plasmids
were then purified by phenol/chloroform
extraction, ethanol precipitated, and
resuspended in TE buffer. The
AmpliScribe linear control DNA was
used as supplied in the kit. 

Standard 20 µl in vitro transcription
reactions were performed according to
the protocol provided in the kits tested.
Each 20 µl reaction contained 1 µg of
linearized DNA template and was incu-
bated at 37ºC for 2 hours, unless other-
wise indicated.   The conventional tran-
scription reaction contained 10 U of T7
RNA Polymerase, 0.5 mM each NTP, in
1X transcription buffer with 10 mM DTT
as described in reference 1. 

Transcription reactions were stopped
and RNA transcripts were purified from
unincorporated NTPs by the addition of
an equal volume of cold 5 M NH4 OAc.
The samples were chilled on ice for 10
minutes and the RNA was pelleted in a
microcentrifuge for 10 minutes at full
speed. The RNA samples were resus-
pended in TE, quantitated by spec-
trophotometry, and analyzed for integri-
ty by electrophoresis on native agarose
gels.

Results 
AmpliScribe Kits produce >20 fold more RNA
than conventional methods

Transcription reactions were performed
for 2 hours and 4 hours using the
AmpliScribe T7 High Yield Transcription
Kit and a conventional T7 RNA
Polymerase method.1 Figure 1 shows
that the AmpliScribe T7 Transcription Kit
produced > 20 fold more full length 
1.4 Kb RNA transcript than the conven-
tional reaction.  

AmpliScribe T7 High Yield  Transcription Kits
consistently produce the highest yield of long
RNA 

Yields of a 1.8 Kb RNA transcript pro-
duced using the AmpliScribe T7 High
Yield Transcription Kit and transcription
kits from two other suppliers were com-
pared.  The AmpliScribe High Yield Kit
consistently produced more of the 
1.8 Kb RNA in a standard 20 µl, 2-hour
reaction than the other kits (Figure 2). 

The AmpliScribe Kit produces the highest
yields of short (<300 bases) RNA

Producing large quantities of a short
transcript requires more transcription
initiation events than with production of
a larger (e.g., 1 Kb) transcript.  The
AmpliScribe T7 High Yield Transcription
Kit was compared to Vendor A’s “short
transcription” kit specifically designed
for producing short RNA.  As shown in
Figure 3, the AmpliScribe Kit produced
twice as much of a 63 base RNA tran-
script in a standard 2-hour reaction than
the competitor’s kit designed for produc-
ing short transcripts.  Lengthening the
reaction incubation to 6 hours increased

the yield from the AmpliScribe Kit to as
much as 4 times the amount produced
using Vendor A’s specialized kit. Some
RNA degradation was also detected with
Vendor A’s kit after a 6 hour reaction,
while the AmpliScribe Kit continued to
accumulate full-length RNA transcripts.
Note that although the number of micro-
grams of the 63 base RNA produced is
small compared to the yield of the 
1.8 Kb RNA, the number of moles of 
63-base RNA produced is greater. 

Excellent RNA integrity with the AmpliScribe
T7 Kit

The AmpliScribe RNA Polymerases con-
tain an added RNase inhibitor. We ana-
lyzed the integrity of RNA transcripts
produced using the AmpliScribe T7 Kit
by agarose gel electrophoresis.  Figure 4
presents agarose gel analysis of a 1.4 Kb
RNA transcript produced by the

Consistent Production of the Highest RNA Yields with 
AmpliScribe™ High Yield Transcription Kits

Judith E. Meis, EPICENTRE

Figure 1. The AmpliScribe™ T7 High Yield
Transcription Kit consistently produced >20 fold
more of a 1.4 Kb RNA than a conventional T7
RNA Polymerase reaction.

Figure 2. AmpliScribe™ T7 High Yield
Transcription Kit consistently produced the 
highest yield of a 1.8 Kb RNA. Up to 150 µg of
RNA was produced using the AmpliScribe™ T7
High Yield Kit in a standard 20 µl, 2-hour reaction.

Figure 3. The AmpliScribe™ T7 High Yield
Transcription Kit produces higher yields of short
(<300 base) RNA than a competitor’s kit specifi-
cally designed for short templates. The yield of a
63 base RNA was compared at 2, 4, and 6 hour
time points. 
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AmpliScribe™ T7 
High Yield Transcription Kit

AS2607 25 Reactions

AS3107 50 Reactions

AmpliScribe™ T3 High Yield
Transcription Kit

AS2603 25 Reactions

AS3103 50 Reactions

AmpliScribe™ SP6 High Yield
Transcription Kit

AS2606 25 Reactions

AS3106 50 Reactions

Each kit includes RNA Polymerase (with
added RNase inhibitor), 10X
AmpliScribe Reaction Buffer, 100 mM
each NTP, RNase-free DNase I, DTT, and
Control DNA template.

Quantity discount on AmpliScribe Kits is
available. Please inquire.

AmpliScribe T7 Kit after 2, 4 and 6 hour
reactions. All time points yielded high
quality, full-length RNA. 

Summary
The AmpliScribe T7 High Yield
Transcription Kit consistently produces
the highest RNA yields of any in vitro
transcription system available using a
broad range of DNA templates.

References
1. Melton, D. et al. (1984) Nucl. Acids Res.12,

7035.

6 hr.        4 hr.      2 hr.         M

EPICENTRE’s AmpliCap™ T7, T3 and
SP6 High Yield Message Maker Kits are
specially formulated to produce the
highest yield of 5’-capped RNA from an
in vitro transcription reaction.  A  Cap/NTP
PreMix containing optimal concentra-
tions of m7G[5’]ppp[5’]G Cap analog
and NTPs, is provided to maximize cap-
ping efficiency and RNA yield.

The new AmpliCap™ T7, SP6 and T3
High Yield Message Maker Kits feature:

• Capped RNA yields of up to 45 µg
from the T7 and T3 kits and up to 35
µg using the SP6 kit.

• Up to 80% of the RNA is capped
using all three kits.

• An optimized  m7G[5’]ppp[5’]G Cap/
NTP PreMix solution is provided for
ease of use and highest yields of
capped RNA transcripts.

• A separate vial of GTP for efficient 
production of long, 5’-capped RNA.

Figure. AmpliCap™ T7 High Yield Message Maker
Kit consistently produces the highest yield of 
5’-capped RNA transcript. A standard 20 µl 
reaction produces more 5’-capped transcript 
than the competitor’s kits.

Highest Yield of 5’-Capped RNA from an In Vitro Transcription 
Reaction with AmpliCap™ High Yield Message Maker Kits

AmpliCap™ High Yield 
Message Maker Kits

T7
AC0707 25 Reactions

T3
AC0703 25 Reactions

SP6
AC0706 25 Reactions

Each kit contains the respective RNA
Polymerase (including RNase inhibitor),
Cap/NTP PreMix, 20 mM GTP 10X
AmpliCap™ Transcription Buffer, 100 mM
DTT, RNase-free DNase I,  Control tem-
plate DNA, RNase-free water

Figure 4. RNA with excellent integrity is 
produced with the AmpliScribe™ T7 High 
Yield Transcription Kit. Agarose gel 
electrophoresis of the 1.4 Kb transcript 
produced from 2, 4, and 6 hour transcrip-
tion reactions with the AmpliScribe T7 Kit.
M, DNA ladder.
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Figure: GELase™ Agarose Gel-Digesting
Preparation provides a rapid and gentle
method for quantitative recovery of genomic
DNA fragments from low melt point (LMP)
agarose gels following gel electrophoresis.

Gentle, rapid and efficient recovery of
even minute amounts of size-separated
genomic DNA fragments from low-melt-
ing point (LMP)  agarose gels can be
accomplished using GELase Agarose
Gel-Digesting Preparation. GELase
Preparation provides for quantitative
recovery of large (up to >2 Mb) DNA
fragments without the loss or shearing
that can occur with electroelution or col-
umn purification methods.  The DNA
recovered from the agarose is often con-
centrated enough to be used directly for
ligation into the BAC, cosmid or fosmid
cloning vector.  Additional information
on using GELase Preparation for genom-
ic cloning is presented in EPICENTRE’s
product literature for the  pWEB™
Cosmid Cloning Kit, the pWEB::TNC™
Cosmid Cloning Kit and the EpiFOS™
Fosmid Library Production Kit. 

Here are a few of the many citations
describing use of GELase Preparation to
recover size-selected genomic DNA
fragments from LMP agarose gels for sub-
sequent BAC cloning.

1. Brosch,R. et al. (1998) Infection and
Immunity 66(5), 2221.

2. Buchrieser, C. et. al. (1999) Infection and
Immunity 67(9), 4851.

3. Clemson University Genomics Institute at
www.genome.clemson.edu/protocols/

4. Texas A&M University BAC Center at
http://hbz.tamu.edu/bacindex.html

5. Rondon, M.R. et. al (1999) Proc. Nat’l Acad.
Sci., USA 96(11), 6451.

6. Birren, B. et al. (1999) Bacterial Artificial
Chromosomes in Genome Analysis: A
Laboratory Manual v.3, 241, Cold Spring
Harbor Press.

Gentle and Quantitative Recovery of 
Large Genomic DNA Fragments from Agarose Gels 

for Genomic Cloning 

With their high efficiency of transforma-
tion and lack of size bias against large
inserts, TransforMax™ EC100™
Electrocompetent E. coli are ideal for
producing Bacterial Artificial
Chromosome (BAC) libraries as well as
for routine cloning and subcloning
applications. 

Genotype
F- mcrA ∆(mrr-hsdRMS-mcrBC)
φ80dlacZ∆M15 ∆lacX74 recA1 endA1
araD139 ∆(ara, leu)7697 galU galK λ -

rpsL nupG

Important Phenotypes & Applications
• Readily take up large clones for 

unbiased BAC library production.
• Supports blue/white screening of 

vectors, including Cloning-Ready 
pIndigoBAC-5 vectors. 

• Restriction minus for efficient cloning 
of methylated DNA (e.g. mammalian 
genomic DNA). 

• Endonuclease minus (endA1) to 
ensure high yields of clones.

• Recombination minus (recA1) to 
ensure the stability of large cloned 
inserts.

GELase™ Agarose 
Gel-Digesting Preparation
G09050 50 Units 1 U/µl
G09100 100 Units 1 U/µl
G09200 200 Units 1 U/µl

Transformation Efficiency of  
TransforMax™ EC100™ Electrocompetent 
E. coli Versus Three Leading Competitors

Transformation      
Efficiency

(cfu/µg DNA)*

TransforMax™ EC100™ E. coli 9.2 X 109

Competitor S 5 X 109

Competitor I 4 X 109

Competitor L 3 X 109

* Average of eight independent transformations
using consistent conditions with a pUC vector.
Efficiencies vary with electroporator and condi-
tions such as voltage and pulse time. Under 
optimal conditions, TransforMax™ EC100™ 
Cells can yield efficiencies >1010 cfu/µg.

TransforMax™ EC100™ 
Electrocompetent E. coli
EC10005 5  X 100 µl

(10 Electroporations)

EC10010 10 X 100 µl
(20 Electroporations) 

Each includes pUC19 control DNA.

The Highest Transformation
Efficiency Electrocompetent 

E. coli Cells

70 oC

45 oC

Separate DNA in
LMP-agarose by gel
electrophoresis.

Add GELase
Preparation and
incubate at 45°C.

Excise the band of
interest. Melt the
agarose at 70°C. 

Ligate
into
cloning
vector.

Check concentration
of DNA by fluorome-
try or gel elec-
trophoresis.

Concentrate DNA by 
NH4OAc/ EtOH 
precipitation. Ligate
into cloning vectors.

Transform or
transfect cells.
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The pWEB™ and pWEB::TNC™ Cosmid
Cloning Kits and the EpiFOS™ Fosmid
Library Production Kit facilitate rapid
and efficient construction of unbiased
cosmid or fosmid libraries.  The pWEB
and pWEB::TNC cosmid vectors and the
pEpiFOS-5 fosmid vector provided in the
respective kits are provided linearized
and dephosphorylated and ready for 
ligation of blunt-end DNA fragments of
about 40 Kb. The cosmid and fosmid kits
contain reagents and protocols to pre-
pare approximately 10 complete and
unbiased cosmid or fosmid libraries.

The Cosmid Cloning and Fosmid
Library Production Process
The kits utilize a novel strategy (figure) of
cloning randomly sheared and end-
repaired genomic DNA.  Shearing the
DNA into approximately 40-kb frag-
ments leads to generation of highly 
random fragments, in contrast to the
conventional approach of generating
DNA fragments by partial restriction
endonuclease digestion.  The result is a
complete and unbiased cosmid or 
fosmid library.

pWEB™ Cosmid Cloning Kit
The pWEB Cosmid Cloning Kit contains
EPICENTRE’s original cosmid cloning
vector.  Like the pWEB::TNC vector, the
pWEB vector has been linearized at its
Sma I site that is flanked by pairs of
BamH I, EcoR I and Not I sites to aid in
the excision and mapping of the cloned
insert.

pWEB::TNC™ Cosmid Cloning Kit
The pWEB::TNC Cosmid Cloning Kit
contains the pWEB::TNC Cosmid Vector.
Cosmid clones produced in this vector
can be used for subsequent generation

of a random unidirectional deletion
library from a chosen cosmid clone
when used in the conjunction with the
pWEB::TNC™ Deletion Cosmid
Transposition Kit (available separately).  

EpiFOS™ Fosmid Library 
Production Kit
Fosmid vectors1,2 provide an improved
method for cloning and stably maintain-
ing cosmid-sized (about 40 kb) libraries
in E. coli.  The pEpiFOS-5 Fosmid Vector
provided in the kit is derived from the
single copy F-factor of E. coli. Thus, the
cosmid-sized clones produced using
pEpiFOS-5 are propagated as a single
copy in the cell to improve their stabili-
ty compared to conventional cosmid
libraries. 

References
1. Kim, UJ. et al. (1992) Nucl. Acid Res. 20,

1083. 

2. Birren, B. et al. (1999) Construction of
Bacterial Genomic Libraries in Genome
Analysis: A Laboratory Manual v.3, 24.

Package &
Titer

ScreenPurify Genomic
DNA

Randomly Shear &
End-Repair DNA 

Isolate DNA of Correct Size
Optional: Concentrate Sample

Cloning -Ready
cosmid or fosmid vector

Perform In-Gel
Ligation

Figure. Process for preparing cosmid or fosmid libraries using the pWEB™ and pWEB::TNC™
Cosmid Cloning Kits or the EpiFOS™ Fosmid Library Production Kit. The kits feature a novel strategy
of cloning randomly sheared and end-repaired genomic DNA fragments to better insure production
of complete and unbiased cosmid and fosmid libraries.

pWEB™ and pWEB::TNC™ Cosmid Cloning Kits &
EpiFOS™ Fosmid Library Production Kit

pWEB™ Cosmid 
Cloning Kit
PC8805 1 Kit
For producing up to 10 complete and 
unbiased cosmid libraries.

pWEB::TNC™ Cosmid
Cloning Kit

WEBC931 1 Kit
For producing up to 10 complete and 
unbiased cosmid libraries.

EpiFOS™ Fosmid Library
Production Kit 

FOS0901 1 Kit
For producing up to 10 complete and 
unbiased fosmid libraries.

Kits include: pWEB™, pWEB::TNC™
Cosmid Vector or pEpiFOS™-5 Fosmid
Vector, End-repair Enzyme Mix, End-repair
10 X Buffer, dNTP Mix, Fast-Link™ DNA
Ligase, Fast-Link™ 10X Ligation Buffer, ATP
Solution, GELase™ Gel-digesting
Preparation, GELase™ 50X Reaction Buffer,
MaxPlax™ Lambda Packaging Extracts,
Ligated Lambda Control DNA, Control
DNA, EPI100™ Plating strain, Control
Lambda Plating strain.

Table.  A comparison of the pWEB™ and pWEB::TNC™ Cosmid Cloning Kits and the EpiFOS™ Fosmid
Library Production Kit.

EPICENTRE Cloning Introduce Copies
Library vector Capacity Into E. coli by per cell

Cosmid pWEB* and pWEB::TNC** ≈40 Kb λ packaging 5 - 50

Fosmid pEpiFOS-5*** ≈40 Kb λ packaging 1 - 2

* Provided in the pWEB Cosmid Cloning Kit.  
** Provided in the pWEB::TNC Cosmid Cloning Kit. 

*** Provided in the EpiFOS Fosmid Library Production Kit.
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Use of the EZ::TN™ Transposon Insertion System 
for High Throughput Full-Length cDNA Sequencing 

at the NIH Intramural Sequencing Center (NISC) 
Yuriy Shevchenko, Robert Blakesley, Gerry Bouffard, Keith Wetherby, Eric Green and Jeffrey Touchman

NIH Intramural Sequencing Center, National Institutes of Health, Gaithersburg, MD

Introduction
In addition to producing over two mil-
lion genomic sequence reads per year,
the NIH Intramural Sequencing Center
(NISC) also participates in the sequenc-
ing program of the Mammalian Gene
Collection (MGC) project.  Briefly, the
goal of this project is to generate collec-
tions of human and other mammalian
full-length cDNAs that are sequenced to
high accuracy, then to make the clones
freely available to the scientific commu-
nity.1 This article provides a brief
description of the high throughput full-
length cDNA sequencing activities at
NISC. Results of these efforts will be
published elsewhere. Progress reports are
also available through the MGC Web
site (http://www.ncbi.nlm.nih.gov/MGC).

Strategy and Methods
Sequencing of MGC cDNA clones,
whose inserts range in size from 300 bp
to over 6 kb and are relatively high in
GC content, represents a challenge.
After evaluating several available meth-
ods, including primer walking,2 con-
catenated cDNA sequencing3 and multi-
ple transposon-based systems, we decid-
ed to use the Tn5-based EZ::TN™
Transposon Insertion System because of
its high performance in our setting.  This
system is robust, gives a reasonably uni-
form distribution of random transposon
insertions, is easily adaptable to 96-well
format, and is compatible with antibiot-
ic selection in the MGC cDNA vector.

Generation In Vitro of cDNA 
Insertion Subclones
Transposon insertion reactions using the
EZ::TN System are simultaneously set up
for all cDNA clones in a 96-well reac-
tion tray.  First, a transposon “brew” con-
taining EZ::TN Reaction Buffer, EZ::TN
<KAN-2> Transposon DNA, and EZ::TN
Transposase is dispensed into each well
of the tray. Next, purified cDNA clones
(target DNAs) are transferred into sepa-
rate wells of the tray using a Microlab
4200 pipetting robot (Hamilton).
Transposon insertion reactions are car-
ried out by incubating the tray in a ther-
mal cycler (MJ Research) for 2 hours at
37ºC. Reactions are terminated by the
addition of EZ::TN Stop Solution, fol-
lowed by incubation at 70ºC for 10 
minutes.

Aliquots of the completed insertion reac-
tions are then used for transformation of
chemically competent E. coli. First, inser-
tion reactions are diluted by a constant
factor to eventually achieve about 100
colonies per plate. Next, transformation
reactions are performed in a 96-well for-
mat with an aliquot of the diluted DNAs.
Last, the entire volume of each transfor-
mation is plated on a its own 90-mm Petri
dish containing appropriate antibiotics.
Despite the variability in DNA concentra-
tion and insert size between samples, the
EZ::TN System produces fairly uniform
numbers of colonies for each cDNA
clone using our optimized conditions.

Sequencing of cDNA Insertion
Subclones
EZ::TN Transposon-containing insertion
subclones are entered into our standard
sequencing pipeline, thereby benefiting
from considerable economies of scale.
Colonies are picked with a QPix auto-
mated picker (Genetix) and transferred
to medium in 96-well growth blocks.
After overnight growth, DNAs are isolat-
ed in 96-well format using the
Concert96 Plasmid Purification System
(Life Technologies) and a second
Microlab 4200 pipetting robot. For each
subclone DNA, paired sequencing reac-
tions containing BigDye Terminator
chemistry (Applied Biosystems) are set
up with the first pipetting robot.  Each
reaction of the pair utilizes a primer
complementary to one or the other

transposon end, facing into the inserted
DNA. The cycling parameters are: 96ºC
for 1 min, followed by 35 cycles of 96ºC
for 10 sec; 55ºC for 10 sec; and 60ºC for
4 min.  Completed reaction products are
purified, and then analyzed on AB3700
capillary electrophoresis instruments
(Applied Biosystems). Success rates for
sequencing reactions with transposon-
specific insertions are similar to those
obtained with other samples in our pro-
duction pipeline.

All the sequencing data for each cDNA
clone are assembled with the use of the
conventional program, phrap.  We usu-
ally see a uniform coverage of the entire
cDNA insert with individual reads from
the ends of transposon inserts. 

Project Status 
The ability of the EZ::TN System to be
used for processing multiple DNA sam-
ples in a batch mode makes it an effec-
tive component of a high throughput
sequencing pipeline. This transposon-
based sequencing system permits parallel
independent processing of a large num-
ber of clones and is easily scalable to
meet the growing demands of the project.

At present, we have successfully integrat-
ed transposon-based full-length cDNA
sequencing into the main NISC sequenc-
ing pipeline and our MGC effort is on
track to generate 4000-5000 high-quality
cDNA sequences in the coming year.

References
1. Strausberg et al. (1999) Science 286, 455.

2. Yu et al. (1997) Genome Res 7(4), 353.

3. Andersson et al. (1997) DNA Seq 7(2), 63.

The EZ::TN™ Transposon Insertion System is an
effective component of a high throughput
sequencing pipeline at the NIH Intramural
Sequencing Center.

EZ::TN™ <KAN-2> Insertion Kit

EZI982K 10 Reactions

EZ::TN™ <TET-1> Insertion Kit

EZI921T 10 Reactions

EZ::TN™ <DHFR-1> Insertion Kit

EZI912D 10 Reactions

Each kit contains the specific EZ::TN™
Transposon, EZ::TN™ Transposase, Buffers
and two unlabeled sequencing primers.

Contact EPICENTRE or your local distributor
to discuss discounts for bulk quantities.
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EPICENTRE offers a choice of EZ::TN™
Insertion Kits because sequencing is
often just part of your research project.
In addition to primer binding sites and a
selectable marker each of the EZ::TN
Transposons included in these kits con-
tain features that can be used in gene
analysis, proteomics or RNA research.
But that’s not all.  You can also make
your own transposon using the
EZ::TN™ pMOD™-2<MCS> Transposon
Construction Vector.

Find Functional Domains or 
Epitopes of Proteins
The EZ::TN™ In-Frame Linker Insertion
Kit was designed to rapidly and easily
produce random 19-amino acid (19
codon; 57-nucleotide) in-frame inser-
tions into genes of expressed proteins for
protein engineering, functional analysis,
and domain or epitope mapping. The kit
features the EZ::TN™ <Not I/KAN-3>
Transposon, which contains a kanamycin
resistance marker flanked by Not I
restriction sites. Kanamycin-resistant
insertion clones are digested with Not I ,
ligated, and re-transformed into E. coli.
Since each resulting clone contains a
random 19-codon insertion that can be
read in all three reading frames the pro-
tein retains its original amino acid
sequence on both sides of the insertion
site. 

Synthesize RNA from Any Region 
of Your Cloned DNA
The EZ::TN™ <T7/KAN-2> Promoter
Insertion Kit provides an easy and reli-
able method to randomly insert a phage
T7 RNA polymerase promoter into any
target DNA. The transposon does not
have a transcription termination sequence
so RNA can be produced from chosen
insertion clones by in vitro transcription
using an AmpliScribe™ T7 High Yield
Transcription Kit, or in vivo after trans-
formation of E. coli having an inducible
T7 RNA polymerase gene.

Insert a Conditional Origin 
of Replication
The EZ::TN™ <R6Kγori /KAN-2>
Insertion Kit allows you to randomly
insert the E. coli R6Kγ conditional origin
of replication into target DNA in vitro.
The target can then be propagated as
independently replicating DNA in E. coli
hosts expressing the pir gene product
such as TransforMax™ pir+ or
TransforMax™ pir-116 Electrocompetent
E. coli.

The Most Versatile Transposition System

Target
DNA

D r u g r

1.  Incubate 37oC; 2 hrs
2.  Transform E. coli
3.  Select Drugr clones

4.  Prepare plasmid DNA

Sequence bidirectionally from primer binding sites (      )
and analyze other properties of your clone.

EZ::TN Transposon EZ::TN Transposase

Make Your Own Transposon
A custom EZ::TN Transposon  contain-
ing any DNA sequence of interest (e.g.
selectable marker, control element,
gene, cDNA) can be quickly and easily
prepared using the EZ::TN™ pMOD™-2
<MCS> Transposon Construction Vector.
To prepare your transposon, clone the
DNA of interest into the multiple
cloning site and then release the 
transposon by PCR or by digestion with
Pvu II or PshA I. The Transposon can be
used for in vitro insertion into any target
DNA, or it can be incubated with
EZ::TN™ Transposase to form an
EZ::TN™ Transposome (see pages 1-3 of
this Forum), for random insertion into
the genomic DNA of living cells. Your
custom transposon will also include
primer binding sites at either end for
bidirectional sequencing. No need to
design your own primers.

The process for generating insertion clones
for sequencing and a myriad of other appli-
cations using an EZ::TN™ Insertion Kit or
your own custom EZ::TN™ Transposon. The
EZ::TN Transposon insertion reaction is a
simple, one-step enzymatic reaction that
randomly inserts an EZ::TN Transposon into
your plasmid, cosmid or BAC clone.
Transform E.coli (e.g., TransforMax™
EC100™ Electrocompetent E. coli) with an
aliquot of the reaction and select for EZ:TN
Transposon insertion clones. Prepare
sequencing template from randomly chosen
clones and sequence each bidirectionally
using a single set of sequencing primers that
are homologous to the ends of the inserted
EZ::TN Transposon. Continue to analyze
your insertion clone using the other unique
features contained on the transposon.

EZ::TN™ pMOD™-2<MCS> Transposon
Construction Vector

MOD0602 20 µg

Includes: pMOD™-2<MCS> Vector and the
Forward and Reverse PCR Primers

EZ::TN™ Transposase

TNP92110 10 Units

pMOD™<MCS> Forward Sequencing
Primer 

MODFSP201 1 nmole

pMOD™<MCS> Reverse Sequencing
Primer

MODRSP202 1 nmole

EZ::TN™ In-Frame Linker Insertion Kit

EZI04KN 10 Reactions

For sequencing cloned DNA then generat-
ing random 19 amino acid in-frame inser-
tions into the encoded protein.

EZ::TN™ <T7/KAN-2> Insertion Kit

EZI03T7 10 Reactions

For random insertion of a T7 transcription
promoter.

EZ::TN™ <R6Kγori /KAN-2> 
Insertion Kit

EZI011RK 10 Reactions

For random insertion of the E. coli R6Kγ
origin of replication.

TransforMax™ EC100™
Electrocompetent E. coli

EC10005 5 x 100 µl
(10 electroporations)

EC10010 10 x 100 µl
(20 electroporations)

TransforMax™ EC100™ Electrocompetent 
E. coli have the highest transformation 
efficiency available and are function tested
for optimal EZ::TN Insertion reaction
results.
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EPICENTRE’s Fast-Link™ DNA Ligation kits are specially formulated to provide
fast and efficient DNA ligations in as little as 5 minutes at room temperature
for both routine and high throughput cloning.  

Fast and Efficient DNA Ligations.
• Ligate cohesive-end DNA in 5 minutes at room temperature.

• Ligate blunt-end DNA in 15 minutes at room temperature.

• Ligate PCR product with A-overhangs in 1 hour or less at 16°C.

Transform Cells Without Desalting the Ligation Reaction.
Desalting the Fast-Link DNA ligation reaction prior to electroporation of 
competent cells is not necessary. Aliquots (1 - 2 µl) of a Fast-Link ligation 
reaction may be used directly in electroporation.

5 15 30 60 120

1   2   3   4   5   6   7

Figure 1. Time course
for cohesive-end 
ligation using the
Fast-Link™ DNA
Ligation Kit. Lambda
Hind III markers were
ligated in a standard
Fast-Link reaction
using 2 U of Fast-Link
DNA Ligase (Lanes 
3-7). Lane 1, 1 kb 
ladder; Lane 2, no
enzyme.

Ligation Time in Minutes

Fast-Link™ DNA Ligation Kits

NEW! LK0750H 50 ligations

LK6201H 100 ligations

Includes Fast-Link™ DNA Ligase, Fast-
Link™10X Ligation Buffer, ATP

Representative Transformation Results with 
Fast-Link Ligation Products*

Ligation % White Recombinants
Time Colonies per µg DNA

Cohesive ends 5 min. >90% 2.0 x 106

Blunt ends 15 min. >95% 5.0 x 105

* Cohesive-end ligation results were obtained by ligating Hind III-
digested E. coli chromosomal DNA into EPICENTRE’s pIndigoBAC-5
(Hind III-Cloning Ready) BAC vector. Blunt-end ligation results were
obtained by ligating a 1.2 Kb blunt-ended fragment into a blunt-end
dephosphorylated pUC-based plasmid vector. One microliter from
each ligation reaction was used to transform TransforMax™
EC100™ Electrocompetent E. coli.

Lab Tested … 
Scientist Approved.

Visit www.biowire.com and 
search for “Fast-Link” to 

view comments from 
users of EPICENTRE’s

Fast-Link DNA
Ligation Kits.




