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Human erythropoietin (huEPO) is a glycoprotein with 
important physiological functions, such as 
erythropoiesis, angiogenesis, and wound healing. A 
therapeutic protein, huEPO is commonly used to treat 
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 patients suffering from renal and non-renal anemia. 
Recombinant human erythropoietin (rhuEPO) and 
endogenous huEPO are similar with respect to their 
biological and chemical properties. In this study, we  
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describe the construction of synthetic huEPO gene to 
produce rhuEPO. The synthetic huEPO gene was 
constructed by overlapping oligonucleotides assembly 
and amplified by polymerase chain reaction (PCR). 
Twenty oligonucleotide sets, covering the huEPO gene 
sequence and two newly introduced restriction enzyme 
sites, were pulled together and amplified using Pfu DNA 
polymerase to produce the expected DNA products with 
sizes of ~500bp and ~600bp. The PCR products were 
ligated into pGEM-T plasmid vector to facilitate DNA 
sequencing process of the constructed huEPO gene and 
downstream cloning manipulation. DNA sequence 
analysis showed correctly assembled oligonucleotide 
sets, representing the huEPO gene sequence albeit with 
minor base mutations. Hence, oligonucleotides assembly 
and PCR amplification provide a convenient and speedy 
method for the synthesis of huEPO gene without 
depending on mRNA isolation and reverse transcription 
or the need to have a genomic library. 

Erythropoietin (EPO) is a member of hematopoietic growth 
factors involved in regulating red blood cell circulation. It 
was the first one to be identified and was not initially 
recognized as a colony stimulating factor. EPO controls 
proliferation and differentiation of erythroid precursor cells 
both in vitro and in vivo (Sasaki, 2003; Bahlmann et al. 
2004; Arcasoy, 2008). The importance of EPO can be seen 
as anaemia develops because of the impaired or a blunted 
response to its production that decreases the number of 
circulating red blood cells. For these reasons, EPO 
functions as an anti-anaemic drug with high demand in 
medical for (Jelkmann, 2000). Unfortunately, the level of 
EPO in body fluids is very low with urine providing the 
source for the natural EPO (Cointe et al. 2000). 

Realizing the need to produce EPO in high quantities had 
prompted the pioneering work of isolating 10 mg EPO from 
2550 l of human urine (Miyake et al. 1977; Jelkmann, 
2000). The preparation allowed the identification of the 
amino acid sequence and synthesized human EPO DNA 
probes for the isolation and cloning of the human EPO gene 
from mRNA in kidney and liver which are the site for EPO 
production (Jacobs et al. 1985; Dame et al. 1998; Jelkmann, 
2000). Recombinant human erythropoietin (rhuEPO) has 
been produced in various cell lines; in particular Chinese 
hamster ovary (CHO) and baby hamster kidney (BHK) 
cells (Lin et al. 1985; Jacobs et al. 1985; Inoue et al. 1995). 
Currently, rhuEPO produced in CHO cell line is 
extensively used in the therapy to cure severe anemia 
(Cointe et al. 2000). 

Oligonucleotide and polymerase chain reaction (PCR) 
provide the alternative in cloning, characterization and 
expression of the gene of interest. The availability of gene 
sequences from GenBank provides the convenience to 
synthetically construct any particular gene. This eliminates 
the need to have the original gene source: the tissue sample, 
the cell sample or the organism itself, as well as, the 
necessary processing of the gene sources. Methods of DNA 

sequences assembly from oligonucleotides, such as, DNA 
ligase assembly, FokI gene synthesis method, self-priming 
PCR method and DNA shuffling are quite laborious, 
troublesome and time consuming (Stemmer et al. 1995). 

We describe here the construction of a synthetic human 
erythropoietin (huEPO) gene using PCR amplified single-
step assembly of forty overlapping oligonucleotides. The 
synthetic huEPO gene was successfully constructed in a 
fast and convenient process. In addition, this PCR gene 
assembly method would not require mRNA isolation and 
reverse transcription or the availability of genomic library. 

MATERIALS AND METHODS 

In our work, we adapted and optimized the previously 
described PCR assembly techniques (Stemmer et al. 1995; 
Moore, 2001; Xiong et al. 2006; Mehrnejad et al. 2008). 
The constructed synthetic huEPO gene was cloned into a 
plasmid vector as a preparation for sub-cloning the 
synthetic gene into Pichia pastoris expression vector. 

Materials 

Desalted oligonucleotides ranging from 39 mer to 57 mer 
was purchased from Research Biolabs. Upon arrival, the 
lyophilized oligonucleotides were dissolved in water to a 
final concentration of 100 µM. Restriction enzymes used in 
this work were purchased from New England Biolabs and 
Fermentas. Thermostable Taq DNA polymerase and Pfu 
proofreading DNA polymerase were obtained from 
Promega and Fermentas, respectively. Competent E. coli 
JM109, DNA ligation kit and pGEMT easy vector system 
were obtained from Promega. 

Oligonucleotide design 

The oligonucleotide sets were designed based on the 
nucleotide sequence of huEPO mRNA (Accession no.: 
NM_000799), obtained from the National Center for 
Biotechnology Information, USA. The oligonucleotide sets 
were designed according to Pichia Pastoris codons 
preference. Overlapping complimentary oligonucleotide 
sets were used to produce two constructed huEPO genes: i) 
166 amino acids huEPO A that lacks the hydrophobic 
leader sequence and ii) 193 amino acids huEPO B with the 
presence of an additional 27 hydrophobic amino acids, 
acting as the signal peptide. A single-step gene assembly 
allowed the introduction of two unique restriction enzyme 
sites, EcoRI and AvrII at the 5’and 3’ ends of huEPO gene, 
for directional cloning. There are many computer programs 
available for oligonucleotide design, such as DNA works 
(Hoover and Lubkowski, 2002), Gene2Oligo (Rouillard et 
al. 2004), DNABuilder, Assembly PCR Oligo 
Maker(Rydzanicz et al. 2005) and GeneDesign. These 
computer programs were used to design the optimal 
oligonucleotides sets that would enhance the hybridization 
efficiencies between the complimentary oligonucleotides 
sets; making sure the G + C contents remain in the range of 
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33% to 42% and the melting temperature within 60ºC to 
77ºC. Additionally, primer-dimer formations were 
minimized and hairpin loops formations were avoided. All 
these would create a favourable environment for the 
overlapping complimentary oligonucleotide sets to 
correctly assemble the huEPO gene.  

Gene assembly 

Equal volumes of the overlapping complimentary 
oligonucleotides were mixed together in a tube. The 
mixture was further diluted to give a final concentration of 
5 µM for each of the oligonucleotide. The mixture was 
added into a 50 µl reaction solution (1 X Pfu buffer, 1.5 
mM MgSO4, 2 mM dNTPs mixed, 5% DMSO, and 1.25 
unitof Pfu DNA polymerase) in a PCR tube. This would 
further dilute the oligonucleotides 10-fold. The 
oligonucleotides were assembled on a thermocycler: i) One 
cycle at 94ºC for 2 min; ii) Forty cycles at 94ºC, 75ºC, 
70ºC, 65ºC, 60ºC, 57ºC, 55ºC and 72ºC for 35 sec each, 
consecutively; iii) One cycle at 72ºC for 10 min.  

Gene amplification 

1.25 µl of the gene assembly mixture was added into a 50 
µl PCR reaction (1 X Pfu buffer, 1.5 mM MgSO4, 2 mM 
dNTPs mixed, 5% DMSO, 5 µM each of the outermost 5’-

end and 3’-end primers and 1.25 unitof Pfu DNA 
polymerase). This would further dilute the gene assembly 
mixture 40-fold. Then, the mixture was subjected to twenty 
cycles of amplification and the reaction was set up as in the 
assembly PCR program. The PCR product was desalted 
using a PCR purification kit (Promega). 

A-tailing reaction 

The thermostable DNA polymerase with proofreading 
activity, Pfu, generates blunt-ended fragments during PCR 
amplification. PCR fragments generated using proofreading 
polymerase can be modified using the A-tailing procedure 
to allow ligation into the pGEMÒ-T plasmid vector. Briefly, 
5 µl of the gene amplified product was mixed with 1 X Taq 
buffer, 20 mM MgCl2, 0.2 mM dATP and 1.25 unit of Taq 
DNA polemerase. The mixture was incubated at 70ºC for 
30 min. 

Ligation and transformation 

The A-tailing reaction mixture was ligated into pGEMÒ-T 
plasmid vector according to manufacturer’s protocol. 
Specifically, 3 µl of the A-tailing reaction was mixed with 
5 µl of 2 X Rapid ligation Buffer T4 DNA ligase, 1 µl 
pGEMÒ-T plasmid vector and 1 µl T4 DNA ligase. The 
ligation reaction was incubated overnight at 4ºC. The 

 
Figure 1. Gene assembly for huEPO gene A. The gaps would be filled-in during the PCR cycles. (*) represents the start and the stop 
codons. The same gene assembly scheme would apply for huEPO gene B. 
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ligation products were transformed into E. coli JM109 
competent cells using the standard heat-shock method. 
Selections of the transformed colonies were performed on 
Luria Bertani (LB) agar plates supplemented with 
ampicillin (100 µg/ml), 0.5 mM IPTG and X -gal (50 
mg/ml). 

Screening and DNA sequencing 

Colony PCR was performed, with modifications of Elbir et 
al. (2008), on white colonies to detect the presence huEPO 
gene. Briefly, a white colony was picked and mixed into 25 
µl PCR mixture (2.5 µl 10 X Taq buffers, 2.0 mM MgCl2, 
400 µM dNTPs mixed, 0.4 µM each of the outermost 5’-
end and 3’-end primers, and 0.5 unit of Taq DNA 
polymerase. The mixture was subjected to a standard PCR 
protocol. Plasmids from the white colonies were extracted, 
purified and sent for DNA sequencing, performed at NHK 
Bioscience Solution. 

RESULTS 

Design and assembly of the synthetic gene 

In principles, there are four steps in the construction of 
synthetic huEPO gene by PCR amplified single-step gene 
assembly: oligonucleotides design/synthesis, gene 
assembly, gene amplification and cloning. Since single-
stranded ends of complementary DNA fragments are filled-
in during the gene assembly process, cycling with DNA 
polymerase results in the formation of increasingly larger 

DNA fragments until the full-length gene is obtained, 
without the need of DNA ligase. 

The use of overlapping oligonucleotides necessitated the 
design of the oligonucleotides used for the synthesis of the 
huEPO gene great attention to detail, owing to the 
requirement for a large number to be mixed in one PCR. 
For these reasons the designed oligonucleotides would be 
screened and matched in order to meet several criteria as 
followed (Stemmer et al. 1995): (i) elimination of 
palindromic sequences, (ii) minimization of tandem or 
inverted repeats (< 10bp in length), (iii) optimization of the 
short region overlap between each primer and (iv) allowing 
subsequent use of the primers for DNA sequencing. Based 
on the deposited huEPO gene in the GenBank, two sets of 
twenty overlapping oligonucleotides (Table 1) were 
designed to give two constructs: (i) huEPO A gene that 
encode the 166 amino acids and (ii) huEPO B gene that 
encode the 193 amino acid residues. Two restriction 
enzyme recognition sites, namely EcoRI and AvrII, were 
introduced at both ends of the constructed huEPO gene to 
allow the directional cloning of the gene into Pichia 
pastoris expression vector (pPIC9K). In this study, the 
annealing temperatures for the oligonucleotides were within 
the range of 55ºC to 75ºC to facilitate optimal PCR. 

The gene assembly reaction involved the construction of 
the full length huEPO gene from a stoichimetric mixture of 
overlapping oligonucleotides (Figure 1). The assembly 
process took the advantages of complementary overlapping 
regions between the sense and anti-sense strands. The 

 
 

Figure 2. 1.5% agarose gel electrophoresis showing the results of gene assembly and gene amplification processes. 
Lane 1: 100bp DNA ladder. 
Lane 2: skip. 
Lane 3: gene assembly of huEPO A gene. 
Lane 4: gene amplification of huEPO A gene (~500bp). 
Lane 4: gene assembly of huEPO B gene. 
Lane 5: gene amplification of huEPO B gene (~600bp). 
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presence of DNA polymerase and dNTPs in the PCR cycles 
sealed the gaps between the two strands. An aliquot of this 
gene assembly reaction was then used as a template for the 
gene amplification process, together with the outermost 5’-
end and 3’-end primers. Analysis of the amplification 
products on 1.5% agarose gels revealed the presence of the 
expected DNA bands at ~500bp and ~600bp (Figure 2). 
There were no significant bands present in the gene 
assembly reaction that appeared as a ‘tail’, probably due to 
mismatching and mispairing of oligonucleotides. In 
addition, primer-dimer formations were detected on the 
agarose gel in the gene amplification reaction owing to the 
high concentration of oligonucleotides mixed in the 
assembly reaction. The DNA bands were excised from 
agarose gel and purified using a standard purification kit. 

Screening of huEPO clones 

Transformed white colonies were screened for the presence 
of huEPO gene by colony PCR and resolved on 1.5% 
agarose gel (Figure 3). Two DNA bands, ~500bp and 
~600bp, were detected by ethidium bromide staining that 
represent huEPO A gene and huEPO B gene, respectively. 

DNA sequencing 

Plasmids from the transformed white colonies were 
extracted, purified and sent for DNA sequencing. The 

sequencing process was carried out using the outermost 5’-
end and 3’-end primers. 

DNA sequencing results show colonies carrying the 
correctly assembled huEPO gene albeit with minor base 
mutations (Table 2). For huEPO A gene, mutations 
involved base substitution and base insertion. Substitution 
of A6G7 to G6A7 eliminated the EcoRI restriction site at the 
5’-end of huEPO A gene. This was further verified by 
restriction enzyme analysis where EcoRI digestion no 
longer digested the plasmid at that particular site (data not 
shown). Other substitutions changed the amino acid codes: 
CA210G (Gln) to CT210G (Leu), CTG217 (Leu) to CTC217 
(Leu) and AA264C (Asn) to AC264C (Thr). There was a base 
insertion (G) after base G175. There were 1.1% mutations 
which was very low. 

Almost the same DNA sequencing results were observe for 
huEPO B gene (Table 3). The percent of base mutation was 
low at 1.5% contributed by base substitution and base 
insertion. Similar to huEPO A gene, base substitution for 
huEPO B gene saw the changed in the amino acid codes. 
Base substitutions involved: TTG144 (Leu) to TTC144 (Phe), 
G157CC (Ala) to A157CC (Thr), G241C242C243 (Ala) to 
C241G242G243 (Arg), CA287G (Gln) to CT287G(Leu), CTG294 
(Leu) to CTC294 (Leu) and AA341C (Asn) to AC341C (Thr). 
There was a base insertion (T) after base T53, base insertion 
(C)after base C121 and base insertion (G) after base G300. 

DISCUSSION 

Molecular applications, such as DNA synthesis, gene 
expression and in vitro mutagenesis are the beneficiaries for 
oligonucleotides assembly technology. It gives advantages 
to researchers to construct synthetic genes and modify the 
genes from several factors that might affect gene 
expression, i.e., codon usage and formation of unwanted 
secondary structure. The procedure is PCR-based single-
step gene assembly comprises two main steps that are gene 
assembly and gene amplification. In the gene assembly 
step, proofreading DNA polymerase is used to build long 
DNA fragment from a pool of overlapping complementary 
oligonucleotides. This is followed by gene amplification 
step where the long DNA fragment would now serve as the 
template for the amplification process, using the same outer 
most 5’-end and 3’-end primers. 

Gene synthesis is an advanced gene tool which gives 
researchers advantages to construct any synthetic gene 
using a set of large numbers of oligonucleotides. This tool 
allows the synthetic gene that encodes the same product as 
the natural gene might have variations in nucleotide 
sequence (Richardson et al. 2006). This would be 
applicable to the theory of gene design when high 
expression levels are desired is relatively uncomplicated. 
This strategy would allow codon usage to be optimized for 
the host organism or changed completely to accommodate a 
variety of constrains (Richardson et al. 2006). 

 
Figure 3. Colony PCR of the white transformed colonies 
resolved on 1.5% agarose gel electrophoresis. The presence 
of the synthetic huEPO genes was detected with ethidium 
bromide staining. Lane 1: 100bp DNA ladder, lane 2: huEPO A 
gene and lane 3: huEPO B gene. 
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In this work, the synthetic huEPO gene was designed 
according to the codon preferenceof Pichia pastoris, a 
methylotrophic yeast that has the potential to produce high 
level of active eukaryotic recombinant protein. The 
assembly step of huEPO gene was impressive such that 
very low percent of base mutations were detected after gene 
amplification step, despite random oligonucleotides being 
pooled together in a single reaction. The use of 
proofreading Pfu DNA polymerase certainly contributed to 
this phenomenon by ensuring both processivity and fidelity 
of the enzyme for gene assembly and amplification. The 
oligonucleotides used in this work were in the range of 40-
mer compared to some other reported PCR-based gene 
synthesis methods, where oligonucleotides used were in the 
range of 80-mer (Stemmer et al. 1995; Zhang and 
Henderson, 1998). Using longer oligonucloetides has 
certain advantages, including the simplified gene design is 
and a smaller number of oligonucleotides required for gene 
assembly reaction (Withers-Martinez et al. 1999). 
Nevertheless, utilization of longer oligonucleotides 
contributes to low stability and specificity, tendency to 
form secondary structure, and the higher cost to synthesize 
longer oligonucleotides. Thus, using shorter 
oligonucleotides helps to avoid secondary structure 
formation and lowers the number of errors introduced 
during the assembly process. Since the frequency of PCR-
derived errors increases with the increasing number of 
amplification cycles (Withers-Martinez et al. 1999), the 
gene amplification process was limited to twenty cycles. 

The use of proofreading Pfu DNA polymerase did not give 
mutation-free synthetic huEPO gene. In fact, the presence 
of mutations in oligonucleotides assembly is unavoidable 
(Stemmer et al. 1995). The mutations were distributed 
randomly; suggesting that oligonucleotides were not the 
source of these errors and neither was the proofreading Pfu 
DNA polymerase was at fault for such mutations. Rather, 
these errors were most likely introduced during the gene 
assembly step. The lack of distinctive DNA band (Figure 2) 
after the gene assembly step might be indicative to the 
mutations due to mismatched and mispaired of 
oligonucleotides. Hence, it would be almost impossible to 
eliminate the errors in such a random assembly reaction. 
However, the mutations in the synthetic gene could be 
reduced significantly by optimizations as described above. 

To conclude, we have successfully constructed and 
synthesized huEPO gene from the sequence information 
derived from GenBank using the PCR-based single-step 
gene assembly and amplification. Theoretically, there 
would be no practical limit on the number of 
oligonucleotides which may be mixed together, suggesting 
that bigger genes could also be successfully synthesized. 
Therefore, this would open vast possibilities to construct 
any gene as long as the codes for gene product could be 
identified. Our work on correcting the mutated bases is 
currently underway before sub-cloning into a Pichia 
pastoris expression vector for recombinant huEPO 
production. 
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APPENDIX 

TABLES 
 

Table 1. Twenty overlapping oligonucleotides utilized to construct the synthetic huEPO gene. The overlapping 
complementary sequences are underlined. 
(a) Oligonucleotide sets for synthetic huEPO gene A - 531 bases 
(b) Oligonucleotide sets for synthetic huEPO gene B - 609 bases. 

 
a) huEPO gene  

Oligo Sequence 

F-1A 

R-1A 

5’-AAAAAAGAATTCATGGCCCCACCACGCCTCATCTGTGACAGCCGAGTC-3’ 

3’-CGGGGTGGTGCGGAGTAGACACTGTCGGCTCAGGACCTCTCCATG-5’ 

F-2A 

R-2A 

5’-AGGTACCTCTTGGAGGCCAAGGAGGCCGAGAATATCACGACGGGC-3’ 

3’-AACCTCCGGTTCCTCCGGCTCTTATAGTGCTGCCCGACACGACTT-5’ 

F-3A 

R-3A 

5’-GAACACTGCAGCTTGAATGAGAATATCACTGTCCCAGACACCAAA-3’ 

3’-TCGAACTTACTCTTATAGTGACAGGGTCTGTGGTTTCAATTAAAGATA-5’ 

F-4A 

R-4A 

5’-TTCTATGCCTGGAAGAGGATGGAGGTCGGGCAGCAGGCCGTAGAAGTC-3’ 

3’-TTCTCCTACCTCCAGCCCGTCGTCCGGCATCTTCAGACCGTCCCGGAC-5’ 

F-5A 

R-5A 

5’-GGCCTGGCCCTGCTGTCGGAAGCTGTCCTGCGGGGCCAGGCCCTGTTG-3’ 

3’-GACGACAGCCTTCGACAGGACGCCCCGGTCCGGGACAACCAGTTGAGAAGG-5’ 

F-6A 

R-6A 

5’-TCCCAGCCGTGGGAGCCCCTGCAGCTGCATGTGGATAAAGCCGTCAGTGGC-3’ 

3’-ACCCTCGGGGACGTCGACGTACACCTATTTCGGCAGTCACCGGAAGCGTCG-5’ 

F-7A 

R-7A 

5’-AGCCTCACCACTCTGCTTCGGGCTCTGGGAGCCCAGAAGGAAGCC-3’ 

3’-TGGTGAGACGAAGCCCGAGACCCTCGGGTCTTCCTTCGGTAGAGGGGA-5’ 

F-8A 

R-8A 

5’-CCTCCAGATGCGGCCTCAGCTGCTCCACTCCGAACAATCACTGCT-3’ 

3’-CGCCGGAGTCGACGAGGTGAGGCTTGTTAGTGACGACTGTGAAAG-5’ 

F-9A 

R-9A 

5’-TTCCGCAAACTCTTCCGAGTCTACTCCAATTTCCTCCGGGGAAAG-3’ 

3’-GAGAAGGCTCAGATGAGGTTAAAGGAGGCCCCTTTCGACTTCGAC-5’ 

F-10A 

R-10A 

5’-AAGCTGTACACAGGGGAGGCCTGCAGGACAGGGGACAGATAATTT-3’ 

3’-CCCCTCCGGACGTCCTGTCCCCTGTCTATTAAAGGATCCAAAAAA-5’ 
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b) huEPO B 

Oligo Sequence 

F-1B 

R-1B 

5’-AAAAAAGAATTCATGGGGGTGCACGAATGTCCTGCCTGG-3’ 

3’-TACCCCCACGTGCTTACAGGACGGACCGACACCGAAGAGGACAGGGACGACAGC-5’ 

F-2B R-2B 5’-CTTCTCCTGTCCCTGCTGTCGCTCCCTCTGGGCCTCCCAGTCCTGGGCGCC-3’ 

3’-CCGGAGGGTGACGACCCGCGGGGTGGTGCGGAGTAGACACTGTCGGCTCAGGAC-5’ 

F-3B 

R-3B 

5’-CTCATCTGTGACAGCCGAGTCCTGGAGAGGTACCTCTTGGAGGCCAAGGAGGCC-3’ 

3’-GAGAAGCTCCGGTTCCTCCGGCTCTTATAGTGCTGCCCGACACGACTTGTGACGTTA-5’ 

F-4B 

R-4B 

5’-ACGACGGGCTGTGCTGAACACTGCAGCTTGAATGAGAATATCACTGTCCCA-3’ 

3’-CTCTTATAGTGACAGGGTCTGTGGTTTCAATTAAAGATAGCCACCTTCTCCCCC-5’ 

F-5B 

R-5B 

5’-GTTAATTTCTATGCCTGGAAGAGGATGGAGGTCGGGCAGCAGGCCGTAGAAGTC-3’ 

3’-GTCGTCCGGCATCTTCAGACCGACCCGGAGCGGGACGACAGCCTTCGA-5’ 

F-6B 

R-6B 

5’-GGCCTGGCCCTGCTGTCGGAAGCTGTCCTGCGGGGCCAGGCCCTGTTG -3’ 

3’-GCCCCGGTCCGGGACAACCAGTGGAGAAGGGTCGGCACCCTCGGGGACGTCGAC-5’ 

F-7B 

R-7B 

5’-CAGCCGTGGGAGCCCCTGCAGCTGCATGTGGATAAAGCCGTCAGTGGCCTT-3’ 

3’-CTATTTCGGCAGTCACCGGAAGCGTCGGAGTGGTGAGACGAAGCCCGAGAC-5’ 

F-8B 

R-8B 

5’-CTCACCACTCTGCTTCGGGCTCTGGGAGCCCAGAAGGAAGCCATCTCCCCTCCAGAT-3’ 

3’-TTCCTTCGGTAGAGGGGAGGTCTACGCCGGAGTCGACGAGGTGAGGCTTGTTAG-5’ 

F-9B 

R-9B 

5’-GCTGCTCCACTCCGAACAATCACTGCTGACACTTTCCGCAAACTCTTCCGAGTC-3’ 

3’-AAGGCGTTTGAGAAGGCTCAGATGAGGTTAAAGGAGGCCCCTTTCGACTTCGAC-5’ 

F-10B 

R-10B 

5’-CGGGGAAAGCTGAAGCTGTACACAGGGGAGGCCTGCAGGACAGGGGACAGATAA-3’ 

3’-CCCCTCCGGACGTCCTGTCCCCTGTCTATTAAAGGATCCAAA AAA-5’ 
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Table 2. DNA sequence alignment result showing base substitution and base insertion in synthetic huEPO A gene. The 
underlined bases are the bases that were substituted with the bases underneath them. The dash (-) indicates the position of the inserted 
base with the base underneath it. 

 
Location (bp) Alignment analysis 

6, 7  AAAAAAGAATTC 

  GA 

175 AGAGG-ATGGA 

  G 

210, 217 CTGGCAGGGCCTGGCCCT 

   T                 C 

264 GGTCAACTCTT 

   C 

 
 
Table 3. DNA sequence alignment result showing base substitution and base insertion in synthetic huEPO B gene. The 
underlined bases are the bases that were substituted with the bases underneath them. The dash (-) indicates the position of the inserted 
base with the base underneath it. 

 
Location (bp) Alignment analysis 

53 TCTCCT-GTCCCT 

  T 

121 CC-GAGTCC 

                                                C 

144, 157 TACCTCTTGGAGGCCAAGGAGGCCGAGAAT 

                                   C                                A 

241-243 ATGCCTGGAAG 

                                            CGG 

287, 294 GTCTGGCAGGGCCTGGCCC 

                                               T                C 

300 TG-CTGTCG 

                                               G 

341 TTGGTCAACTCTTCC 

  C 


