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ABSTRACT

Rapid Amplification of cDNA Ends (RACE) is a
technique used in molecular biology to obtain full
length sequence of an RNA transcript found within
cell. RACE results in the production of a copy of
the RNA sequence of interest, which is converted
through reverse transcription to cDNA, followed by
PCR amplification of the cDNA copies.

A cDNA capture method was devised to
construct full-length c¢cDNA libraries. In this
method, a library of cDNA fragments generated
from substractive hybridiazation studies (full-
length cDNA library RAD), allowed the
respective full-length ¢cDNA cognates to be
amplified by PCR and then cloned.

Five clones from subtractive hydridization studies,
identified as containing a high proportion of
differentially  expressed genes (coded for
hypothetical proteins), were chosen as templates for
the preparation of full length cDNA. Primers were
designed using Genefisher software (Bioinformatics
Bielefeld) .Typically, 30-35 cycles of PCR were
employed. As a target for the capture reaction;
double-stranded cDNA was amplified by PCR using
the modification of SMART II cDNA library
construction kit (Clontech) with the same RNA
sample that had served as the tester sample for the
respective RAD reaction

This modified RACE technique resulted in the
production of a copy of RNA sequence of
interest, produced through reversed transcriptase
followed by a successful PCR amplification of
cDNA copies. The cDNA libraries were
successfully cloned and sequenced, leading to a
successful extension of two unknown sequences
by 200 base pairs.

Key words: cDNA ends, RNA transcripts, RACE,
subtractive hybridization, cloning.

RESUME

L’amplification rapide de terminale cADN (RACE)
est une technique utilise biologie moléculaire pour
obtenir une longueur complet de ’ARN qui se
trouve parmi les cellules. RACE aboutir dans la
production d’une copie de séquence I’ARN
d’intérét.

Une méthode de capture cADN était établi pour
construire la bibliothéque de grande longueur de
cADN. Par cette méthode une bibliothéque de
fragment de cADN dériver de  I’étude de
subtractive hybridization (full-length cDNA library
RAD), a permit the chaque fragment cADN grand
longueur pour étre amplifier et puis cloner par
PCR.

Cinq clone de 1’étude de subtrative hybridization,
identifier comme contenant une grand proportion de
gene diferentiellement exprime (code pour des
protéines hypothétiques) , étaient choisit comme
modele pour la préparation de cADN a grand
échelle de longueur. Les amorces étaient construire
en utilisant les logiciels (Bio-informatics
Bielefield). Comme d’habitude, 30-35 cycles de
PCR étaient utilisés. Comme point de repére pour la
réaction de capture : ’ADN double fragment était
amplifie en utilisant la modification de Ila
bibliothéque cADN SMART II logiciel (Clontech)
avec le méme échantillon ’ARN qui a servi de
échantillon d’essai pour la réaction de RAD.

Le modification de technique de RACE nous a
permis a augmente deux séquence inconnu par 200
pair de bases. Le PCR colonie était utilis¢ pour
identifier the les colonies positif en utilisant
I’amorce M13 avant et derriére. La taille de bande
au dessus de 200 pairs de bases.

Les Mots clés : terminal cADN, transcrits L’ARN,
RACE, subtractive hybridization, clonage.
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INTRODUCTION

Rapid Amplification of cDNA Ends (RACE) is a
technique used in molecular biology to obtain full
length sequence of an RNA transcript found within
cell (Vingsbo-Lundberg et al., 1998; Tillet et al.,
2000; Xianan and Baird, 2001). RACE results in the
production of a copy of the RNA sequence of
interest, produced through reverse transcription,
followed by PCR amplification of the cDNA copies.
The amplified cDNA copies are then sequenced and
if long enough can map to a unique mRNA that has
been described, the full sequence of which is known
(Iwahana and Itakura, 1997; Dai et al., 2000; Cheng
et al., 2009). To expand our understanding of the
structural and functional characteristic of these
sequences it is important to obtain full-length
sequences. RACE is a technique based on PCR,
which facilitates the cloning of full-length cDNA
sequences when only a partial cDNA sequence is
available (Eyal et al., 1999; Jurecic and Belmont,
2000; Kim et al., 2008). Using a simplified
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technique, the 3' end of the target sequence was
amplified. The 3' end is generally considered an
easier task than the 5' because of the cap structure
found on the intact 5' (Dai et al., 2000). Many
methods have been described to amplify the 5° and
the 3° ends of cDNA (Hubank and Schatz, 1999,
Livesey, 2000; Rong et al., 2008).

This modification is a fast and easy method to
isolate the 3’ ends genes only; the RACE primer
sequence used as in usual PCR amplification
reaction. The (oligo dT) is used as a second primer
in the reaction after creating the second strand
cDNA to the cDNA strand (Figure 1). Other
competitor RACE technologies require ligation of a
single-strand adaptor to RNA which is a very
inefficient process (Noirdquist et al., 2000; Xianan
and Baird 2001; Chenq et al., 2008; Messina et al.,
2008).
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Using Reverse transcriptase and oligo (dT) primers a cDNA stand is

synthesised

First stand buffer, ANTPs mix, and DTT are added.

AAAAAA
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dsDNA strand synthesised using Invitrogen system

for dsDNA synthesis

— TTTT
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I ——

Target gene specific
primer
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Fig 1: An overview of the modified RACE cDNA procedure. The diagram shows procedures for PCR reaction
using target sequence —specific primers with an Oligo (dT) as second primers.
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MATERIALS AND METHODS

Primer Design

Gene specific primers for the RACE were designed
from the original clones produced from the RAD
using the Genefisher Software (Bioinformatics
Bielefeld) as shown in table 1.

RNA Isolation

RNA was isolated from rat endothelial cell
supplied by the Athlone Institute of Technology
Cell Culture and Toxicology Laboratory.
Medium and supplement were ordered from
Clonetics, BioWhittaker Inc, UK. The growth
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al
medium with all supplements and growth factors
in separate, frozen aliquots. Total RNA was
isolated using Trizol reagents from (Invitrogen)
as described (Hubank and Schatz, 1999; Livesey,
2000). Reverse transcription (RT) reactions were
performed using cDNA specific primers
(Tablel), a 200 U SuperScript II reverse
transcriptase (Invitrogen). The RT reactions were
performed in 50 pl of 2 mM dNTP, 10 pmol of
the cDNA specific primers and between 0.5 and
1 pg of total RNA. The reaction was performed
at 45°C for 45 min. Two parallel reactions were
performed with the reverse transcriptase omitted
from one reaction as a negative control.

Table 1: List of the primers for amplification of the RACE products.
Modified RACE technique used to amplify the 3' end of the target sequence

Primer Forward Primer Reverse Primer Product size (base pair)
No
0.22s GAATGTCCCAAAGGA ACAGAGGTCTTTCCTCCA 143
0.46s GGGAACACTGCCAGAGA GAGCACTGACTAAGTGG 150

A
55s ACCTAGTAAAGGGGGTCA CCATGCCAGTTCATAGC 110

A
158s CTCCCATCAACCTAGCAA CCATGCCAGTTCATAGC 119

A
Aligo TTTTTTTTTTTTTTTTTITTTTI
d(T) TTTT
0.22rat GTGCTGGCTATACACAGA GTCAGGATTAGGCAGCA EMBL:CA513489=500
0.55rat CTGGCTGCTTTGAGTCA TTGGTCAACCTGGTA EMBL:BI301290=457
0.46rat TAGTGGGAAGGAAAGGA GGTCCTACGGCATCCA EMBL:CA510864=498
0.25 ATGCTCCACTTCTCCTGA CCGGGGGATCAAAGCA 293
sample

RACE method used was a simple modification of
Tillett et al, 2000, with a gene specific primer from
our known sequence and Oligo (dT) as a second
primer in the reaction. A primer design program
was used (Bioinformatics Bielefeld) to design the
nested primer. The primers used are shown in Table
1. If the distance from the primers to the 3' end of
the target was larger than 1 kb or unknown, an
extended range Tagq polymerase was used to
improve the outcome.

Figure 2 shows 0.22, 0.25, 0.46, 0.55, 158 gene
specific primer with the Oligo dT as a second

primer. Different optimisation conditions resulted in
different amplification patterns.

RESULTS.

On the gels of the non-specific amplification for the
gene of clone 0.22 and 0.25, Lane 1 shows two
intense bands amplified using the primers for clone
0.25 and annealing temperature of 50°C, one with a
size of nearly 310 base pair (bp), and the second of
nearly 90 bp. Both were excised from the gel and
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cloned. Lanes 2, 3, 4 and 5 were amplified with
primer 0.22 with different annealing temperatures.

The gel in Figure 3 shows the non-specific
amplification of an unknown gene of clone 0.55.
Lane 1 employed annealing temperature of 49 °C
while lane 2, 3 were at 50 °C, 51 °C and 52 °C
respectively. Most lanes gave two very distinctive
products at around 480 and 700 bp. Both of these
bands were excised and inserted in a topo vector for
cloning and sent for sequencing.

kb MW 1 2 3 4 5 6

1,636 bp w—-

506bp
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MW 1 2 3 4 5

Fig 2: Gel shows non-specific amplification of unknown
fragment of clone 0.22, 0.25 at different annealing
temperatures. Lane 1 (primer for clone 0.25 and annealing
T=50°C), Lanes 2,3,4 and 5 (primer for clone 0.22 with
different annealing temperature).

500bp mp

300bp

200bp

100bp

Plate 442 B

Plate 4.4.2 A

Plate 442D

Plate 442 C

FPlate 44.2E FPlate 442 F

Gel RACE product using gradient PCR . lane 1,2,3,4 for 0.55 primer at 49,50,50 and s2c Fig 4 (A, B, C, D, and E) COlOny PCR was

while 5 and 6 for 0.22 primer at 49 C

Figure 3: Gel shows the non-specific amplification
of unknown gene of clone 0.55

at different annealing temperatures with a product of
0.22 amplification.

Cloning Race products

The PCR fragments regenerated from the reactions
(see Plates 4) were run on TBE gels and bands
excised and extracted using QIAquick Gel
Extraction Kit (QIAGEN Ltd). PCR product was
cloned using a "quick PCR cloning" Kit which
employed  Topoisomerase  (T/A  overhangs)
(Invitrogen) following the manufacturer instruction.
The vector with insert was transformed in a one shot
chemically competent E.coli and mixed gently.
Bacteria were grown on a selective medium.
Positive clones were picked up and colony PCR
used for positive clone detection.

employed to identify positive clones using M13
primers forward and reverse. Band size more than
200 base pair indicating a positive clone for target
RACE sequence while bands, with less than 200 bp,
were false positives which amplified only the vector
region between the MI13 primer. (MW-100bp
molecular weight ladder), as shown in Table 2.

Table 2: Key — identification of bands of Fig 4 (A,
B, C, D, and E).

Plate 4.4.2 | Arrows indicates

Inserts amplified + 300 bp

Inserts amplified with size 300 bp

Bands around 250 bp carry no inserts ,
while the other are positive

Arrow pointed to positive inserts

=S| QR[>

Arrow pointed to band size around 250
bp carry no inserts

-

Arrow pointed to band size around 250
bp carry no inserts

Analysis of RACE product
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Around 50 bands from RACE products of the
different reactions were selected and sent for
sequencing. Bands from PCR product representing
positive clones were extracted using QIAquick Gel
Extraction Kit (QIAGEN Ltd). Samples were sent to
MWG Germany for sequencing. Sequences of the
clone were aligned with the original sequence of the
fragment under investigation. Multiple alignment
software was used to detect any possibility of
matching between the RACE product and our
sequences under investigation. Figure 4 (A, B,C,D
and E) depicts the entire product of the RACE
method for the target sequences that have been
aligned together with the sequences under study
using Clustal multiple alignment programme. The
result of the alignment showed that only one (0.46
clone) of the target sequences had a strong
homology with five of the Race products. The
RACE products as shown in Fig 4 (A, B, C, D, and
E) are C4, El, F2, E8 and D2. The El and F2
products extended the 0.46 clones by nearly 200
base pairs. On the other hand none of the other
RACE product gave any match to the other target
sequences.

The RACE products, which had a high similarity to
the 0.46 clone sequence were aligned together with
the 0.46 clone sequence and are depicted in the
above Figure 4 (A, B, C, D and E).

DISCUSSION

The 5’RACE technique was used to amplify nucleic
acid sequences between a known sequence site and
unknown sequence towards the 5’ end of the
mRNA. The technique was modified to make it
easier and simple; the diagram in figure 1 illustrates
the approach. The target sequence was selected for
amplification and many different optimisation and
temperature conditions were used in this study to
achieve the amplification. Preliminary sequencing of
clones 0.22, 0.25, 046, 055 and 158 and
comparison with database sequences suggested that
those sequences represent hypothetical proteins and
some gene tools identified them as a conserved non-
coding region, and therefore RACE was utilized to
obtain further sequence of these clones.

We identified no clear new sequence for clone 0.46
using RACE, and the result was unable to give more
confirmatory information on what the sequence
might be. Other sequences did not produce any
reliable product, which was a weakness of the
technique. The developed sequence of 0.46 RACE
represented an additional 263 bps. The 0.46 RACE
products were investigated to look for homology in
the database. BIASTN found a sequence with 80%
homology, which coded for Mus musculus ADP-
ribosylation factor 3 mRNA, with accession number
BC024935.1, submitted by Strausberg, on the 6-oct-
2003. It is a putative Rattus norvegicus ADP-
ribosylation factor (cDNA clone MGC: 24115
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IMAG: 3969152). The Vista plots from the result
Fig 4(A, B, C, D, and E) showed the global
alignment between the 0.46 RACE products with the
BIASTN results. The plot implied that the sequence
covered only a small region of the human sequence
and was coloured blue to indicate it was an exon.
The EST database produced one sequence for Rattus
norvegicus with 99% homology with 0.46 RACE
with Accession number of CB724757.

The mapping of the 5° and 3’ terminus of mRNA
can be difficult if it is rare and / or if there is only a
small amount of total RNA (Rudi et al., 1999; Tillett
et al., 2000; Xianan and Baird, 2001; Brigaud et al.,
2009). A variety of methods are available for
mapping the 5° and 3° ends of RNA molecules,
including RNase protection, S1 mapping and primer
extension (Fehr et al., 1999; Kilstrup and
Kristiansen, 2000; Wang et al., 2009). It was clear
that these procedures were subject to various
limitations (Yohko et al., 2005; Rong et al., 2008;
Cheong et al., 2009). The approach was adopted in
this study to amplify from cDNA using a single 5’
custom-designed primer and a 3’ oligo-dA primer.
This method needed a lot of optimisation using
different annealing temperatures to add non-specific
amplification. Success was achieved in amplifying
only an extra 200 base pair. Different annealing
temperatures for the specific 5° primer bound to
target sequence to allow preferential annealing of
oligo dA to that sequence. A limitation of this
method was that it was restricted to amplification of
polyadenylated mRNA (Iwahana and Itakura, 1997;
Hubank & Schatz 1999; Fehr et al., 1999; Messina
et al., 2008; Wang et al., 2009), as well as allowing
amplification of a sequence with the same 5’ end but
different 3’ end. Technically, RACE is a time-
consuming technique and sometimes the expected
results were unachievable but in reality no
alternative was available.

CONCLUSION

The clones were found to belong to hypothetical
proteins according to the blast search in the Gene
Bank database. More Bioinformatics work was
performed using different bioinformatics tools to
gather more information about what kind of protein
and function might be for those fragments. Gene
expression studies are necessary to determine
whether genes isolated are truly expressed in cell
samples from which they are derived
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