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Cytomegalovirus (CMV) has been known to cause acute, latent and persisting 

infections in animals and humans. Interestingly, Rat CMV ALL-03 strain (RCMV 

ALL-03) is unique among all previous RCMVs and Murine CMV strain in crossing the 

placenta naturally which can be used to study the CMV congenital infection. The 

partial genome sequence for this strain has been produced through Next Generation 

Sequencing technology using Illumina platform but the incompleteness limits the 

comprehensive study of genomics and proteomics. Thus, completing the genome 

sequence by closing all the gaps in draft genome and verify the position and function of 

all Open Reading Frame (ORF) can aid in future study for antiviral drug and vaccine 

development. The study was commenced by propagating RCMV ALL-03 extensively 

to a large amount in rat embryonic fibroblast (REF) cells. Infected cells exhibiting 
advance cytopathic effect were harvested and concentrated by 8% (w/v) PEG 6000. 

Concentrated viruses were then purified and proceeded with DNA extraction by 

conventional method. Four sets of forward and reverse primer for each gap were 

carefully designed using CLC Genomic workbench software. Four set of primers for 

each gap were used in Polymerase Chain Reaction (PCR) for gap verification purpose 

followed by single band of DNA in agarose gel sequenced and 8 templates of 

sequences were obtained for each gap. All these templates were compared and verified 

the original missing sequences hence inserting the actual missing sequences taken place 

in the previous partial sequence. Result shows that, false gap have been identified and 

all the misassemblies in genome sequence were corrected, thus producing a final 

completed genome sequence of RCMV ALL-03. From this study, the final number of 
base pairs of RCMV ALL-03 was 197,958 and has been arranged as single unique 

sequence flanked by 504 base pair terminal direct repeats. The overall content of G+C 

content was 46% and total 123 protein coding genes (CDS) were identified. Out of 123 

CDS, 46 CDS (36.2%) were grouped into 8 functional classes such as capsid, 

glycoprotein, tegument, DNA replication, DNA packaging, nuclear egress, immune 
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evasion and regulatory. Subsequently, all the positions of ORF were corrected and 

translation of protein has been verified. Next, phylogenetic analysis of RCMV ALL-03 

based on conserved genes of herpesvirus revealed that this Malaysian isolate is closest 

to RCMV-English and RCMV-Berlin strains with 99% and 97% of homology were 

identified respectively. Moreover, from the tree, it is observed that the evolutionary 

relationship of RCMV ALL-03 with other strains of herpesviruses from all the three 
subfamilies. Interestingly, betaherpesvirus subfamily shown to be more closely related 

with gammaherpesviruses compare to alphaherpesviruses where beta- and gamma- 

share some of the functional ORF. Results presented have been submitted to genebank 

and the accession number was obtained. Further exploration of RCMV ALL-03 in 

future could provide more valuable information in understanding the pathogenesis of 

the virus as well as congenital infection which could serve as model to mimic the study 

of HCMV.  

 

Keywords: herpesvirus, cytomegalovirus, RCMV, genomic gaps, open reading frame 
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Jangkitan sitomegalovirus (CMV) dikategorikan sebagai kumpulan betaherpesvirus di 

bawah sistem klasifikasi herpesvirus dimana ianya boleh menyebabkan penyakit 

berterusan dan penyakit tanpa symptom. Strain tikus CMV (RCMV) ALL-03 
merupakan virus yang ditemui dari plasenta dan rahim tikus di Malaysia. Kelebihan 

virus jenis ini adalah kebolehan menyebabkan jangkitan kongenital di mana RCMV 

dan MCMV strain lain tidak mempunyai ciri tersebut. Secara keseluruhan, kajian ini 

menandakan penghasilan urutan RCMV ALL-03 genom secara keseluruhan dengan 

menutup semua jurang urutan genom dan pencirian gen-gen mengikuti urutan genom 

yang dikenalpasti serta menganalisis gen-gen tersebut dengan strain lain kumpulan 

herpesvirus. Pengajian ini dimulakan dengan membiakkan RCMV ALL-03 di sel 

fibroblast tikus. Sel-sel yang menunjukkan kesan sitopatologi diambil kira untuk 

penuaian virus dan virus-virus tersebut dipekatkan dengan 8% (w/v) PEG 6000. Virus 

yang dipekatkan kemudian ditulenkan dengan proses kecerunan sukrosa. Selepas 

proses penulenan virus, DNA virus diekstrak dengan menggunakan kaedah 

konvensional. Empat set primer telah direka khas dengan teliti dengan menggunakan 
sistem CLC Genomic Workbench. Berlainan primer digunakan untuk berlainan jurang 

genom melalui proses reaksi rangkaian polimerasi (PCR) dan hasil amplifikasinya 

diperiksa dengan menggunakan gel agarose. Band tunggal yang diperolehi dihantar 

untuk pengenalpastian susunan genom dan lapan hasil susunan genom diterima untuk 

setiap jurang genom. Seterusnya, kesemua hasil pengenalpastian susunan genom telah 

dianalisis dan susunan genom yang tepat telah dimasukkan dalam jurang genom 

tertentu. Selain daripada itu, jurang genom palsu dan susunan genom yang salah telah 

dikenalpasti dan diperbetulkan. Akhirnya, susunan genom RCMV ALL-03 yang 

muktamad dihasilkan dan penyemakan semula posisi mula dan akhir gen-gen 

dijalankan diikuti dengan perubahan angka keseluruhan susunan genom virus. Selepas 

itu, susunan genom RCMV ALL-03 yang muktamad telah dihantar ke „GenBank‟ 
untuk memperolehi nombor pengenalan dimana ianya boleh digunakan untuk pelbagai 

bidang. Setelah nombor pengenalan diperolehi, gen-gen RCMV ALL-03 yang telah 
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dikenalpasti dianalisis kegunaanya dan perbandingan dibuat antara RCMV lain serta 

manusia CMV (HCMV). Analisis filogenetik turut dijalankan untuk mengenalpasti 

cabang perkaitan antara RCMV ALL-03 dengan virus-virus lain daripada semua 

kumpulan herpesvirus. Konkulisinya, keseluruhan saiz genom RCMV ALL-03 adalah 

197,958 bp disusun secara urutan unik tunggal dengan 504 bp diapit pada ulangan 

langsung terminal. Kandungan G+C adalah 46% dan 123 gen telah dikenaplasti. 
Daripada 123 gen, 46 gen (36.2%) telah dikategorikan kepada 8 kumpulan seperti 

capsid, glikoprotein, tegument, replikasi DNA, pembungkusan DNA, pembebasan 

nuklear dan strategi pengelakan sistem keimunan. Analisis filogenetik menunjukkan 

RCMV ALL-03 bercabang rapat dengan RCMV-E dan RCMV-B dengan 99% dan 

97% masing-masing. 

 

 

Sepertimana yang dijangkakan, kumpulan betaherpesvirus berkaitan rapat dengan 

gammaherpesvirus dari segi evolusi berbanding dengan alfaherpesvius di mana kedua 

dua beta dan gamma berkongsi fungsi gen-gen tertentu. Pada masa akan datang, 

RCMV ALL-03 boleh dieksploitasi untuk kajian yang berkaitan dengan pemahaman 
kepatogenan virus serta jangkitan kongenital di mana RCMV ALL-03 boleh  

digunakan sebagai model untuk memahami lebih mendalam tentang HCMV. 

 

Kata kata kunci: Herpesvirus, sitomegalovirus, RCMV, urutan genom, jurang genom
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

Cytomegalovirus (CMV) is a double stranded DNA virus which has the largest 

genomic size compare to other members in the family. Since the virus-infected cells 

become large and swollen, it was referred as ―cytomegalia‖ and the name 

cytomegalovirus was derived from this character. Contagious CMV can be found in 

tears, saliva, blood transfusion, urine, breast milk and semen. CMV can exhibit silent 

without showing any symptoms in healthy individuals but can cause morbidity and 

mortality in patients whom undergo dsyregulation of the immune system. CMV is very 

good in molding host cell functions to support its replication and establish latency in 

fibroblasts, epithelial cells, endothelial cells, glial cells, smooth muscle cells of blood 

vessels, parenchymal cells in various organs and others (Liu et al., 2013). In addition, 

CMV is usually related with congenital viral infection where the virus infects maternal 

endothelial cells followed by placental cytotrophoblasts, eventually lead to 

transmission of the virus to foetus (Fisher et al., 2000). Other than that, congenital 

CMV infection may not show any symptoms or signs for newborn child but they can 

acquire hearing damage, mental retardation and cerebral palsy when growing old 

(Arvin et al., 2004). As a member of betaherpesvririnae subfamily, CMV infection is 

very specific to respective host. Since studying HCMV using human as host is ethically 

restricted, a suitable model to study CMV infection is needed. CMV infecting primates 

like Chimpanzee CMV (CCMV) and Rhesus CMV (RhCMV) became as first choice as 

model to mimic HCMV infection (Powers & Früh, 2008). Although primate CMV is 

closely related to Human CMV (HCMV), these strains are not frequently used as a 

model for HCMV infection due to impracticalities and high cost (Li et al., 2012). On 

the other hand, Murine CMV (MCMV) and Rat CMV (RCMV) have became well 

known models for studying HCMV because of low cost, high reproductive rates and 

simplicity of handling (Mocarski et al., 2007). The major drawback of these strains is 

that they do not cross the placental barrier and cause in utero infection, hence it is 

inapplicable and complicated to use for congenital infections. To overcome this, Loh et 

al (2003) acquired a new strain of RCMV strain ALL-03, from the uterus and placenta 

of the Rattus rattus diaardi (house rat). This study has demonstrated the ability of this 

strains‘ vertical transmission in pregnant rats therefore making it an appropriate model of 

choice to study the congenital infection of CMV in humans. In addition, the similar 

pathogenicity between HCMV and RCMV ALL-03 justifies its suitability as a good 

model to study HCMV (Loh et al., 2006). 

 

 

To date, many CMVs have been sequenced including primates and non-primates CMV. 

As per our interest, many rodent CMVs also have been sequenced in different time frame. 

The first available Rat cytomegalovirus (RCMV) sequence was Maastricht strain in the 

year 2000 (Vink et al., 2000).  Second, RCMV of England strain has been sequenced in 

year 2012 (Ettinger et al., 2012) and recently in year 2015, the complete genome 

sequence of the third strain of RCMV known as RCMV-Berlin have been at National 

Centre of Biotechnology Information (NCBI) (Geyer et al., 2015). From these data, two 

points can be highlighted where RCMV gain more attention from researchers to use as

model to study the pathogenesis of Human Cytomegalovirus (HCMV) and producing a 

file:///C:/Users/User/Downloads/l
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complete genome sequence is vital to master the pathogenecity of HCMV at molecular 

level. Hence any biochemistry event related to the virus can be studied in deeper level. 

 

 

To further elucidate the pathogenesis of our local Malaysian strain of RCMV ALL-03, 

genome sequencing of this virus is much crucial. Complete genome sequence of this virus 

is very important in terms of examine the coding sequence, understand the genomic 

organization, identify the protein coding genes and possible protein function and to carry 

out genome comparison with other strains of herpesviruses. Previously, RCMV ALL-03 

strain was sequenced using Next Generation Sequencing with Illumina platform 

followed by the genome assembly which was carried out using CLC Genomic 

Workbench (Quah, 2013). However, complete genome sequence could not be produced 

due to the presence of gaps in the draft genome. Finishing phase known as final stage is 

needed to correcting the misassemblies and close all the gaps and come up with a 

complete genome sequence (Tang et al., 2013) .  

 

 

The draft genome with gaps known as incomplete, even one of high coverage, 

represents a collection of contigs of various sizes, with unknown order and orientation, 

which contain sequencing errors and possible misassemblies. Until a genome has been 

closed, it is often difficult to identify contaminating sequences and these can confound 

subsequent comparative and functional genomics studies. There are many reasons to 

completing a draft genome. The draft genome of RCMV all-03 covered at least 90% of 

genome, however, further analysis should be made to exclude contaminating 

sequences, sequence errors and misassemblies. Identifying and correcting the low 

coverage regions and misassemblies can provide more accurate information to the 

community (Nagarajan et al., 2010b). The complete genome sequence is known as high 

quality reference compared to others and very suitable for all types of detailed analysis 

of genomic, proteomic as well as studying gene regulation. 

 

 

However, currently the draft sequence of RCMV ALL-03 is still incomplete, with few 

gaps produced. Approximately, 198,895 total number of bases have been identified by 

previous researcher and arranged as single unique sequence flanked by 504 bp terminal 

direct repeats (Quah, 2013). It is anticipated that, by closing the gaps, complete 

sequence can be obtained and more accurate position and length of Open Reading 

Frame (ORF) can be identified. Once the gene coding region identified, the protein 

products and the functions can be predicted through bioinformatics means. Thus, in 

order to achieve the complete sequence, present study was conducted to identify the 

missing sequences in gap position thus replacing it to produce a complete genome 

sequence. Once complete genome sequence has been produced, all the open reading 

frame (ORF) were verified and subjected for blast comparison with other 

herpesviruses. In addition, all the ORF were also grouped into conserved genes as well 

categorized under functional gene families. 

 

      

Complete CMV genome is important for researchers in developing recombinant DNA 

vaccine identification and manipulation of the virulent genes can be conducted in order 

to develop safer vaccines. Moreover, this research will enlighten our understanding on 

substantial genetic variation among other strains of herpesviruses, as well as develop 

more sensitive methods to detect, distinguish and identify different virus strains. 
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1.1 Research Hypothesis 

 

It is hypothesized that by closing all the gaps present in RCMV ALL-03 draft sequence 

and resolved the misassemblies, a complete genome sequence of RCMV ALL-03 could 

be generated. Combination of conventional PCR assay and bioinformatics were used to 

achieve the objectives. 

 

Ho: It is not possible to close all the sequencing gaps in draft sequence of RCMV ALL-

03 

 

Hi: It is possible to close all the sequencing gaps hence producing a complete genome 

sequence of Rat Cytomegalovirus ALL-03 (Malaysian strain). 

 

Aim and Objectives of the study 

 

This research aims to identify gap present in Rat Cytomegalovirus strain ALL-03 

(Malaysian strain) and closing all the gaps in draft sequence. Specific objectives are: 

 

1. To identify and resolve the gap regions located in the RCMV ALL-03 genome 

scaffold by conventional PCR and Sanger sequencing. 

 

2. To verify the final assemble of RCMV ALL-03 and its functions of gene 

coding region (CDS) by CLC Genomic Workbench software. 

 

3. To compare and study the Open Reading Frame (ORF) of RCMV ALL-03 

with other strain of herpesviruses in terms of homology and function by online 

tool such as NCBI, ExPasy and related publications. 
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APPENDIX A 

 

 

Buffers and Solutions 

 

 

1. Dulbecco’s Modified Eagle’s Medium (DMEM) (1L)   

 

(With phenol red, L-glutamine, 4.5 g/L glucose, but without sodium pyruvate) 

DMEM (GibcoBRL, USA)                   1 packet 

Sodium bicarbonate, NaHCO3 (FW 84.01; Sigma, USA)                        2 g 

100 IU/ml Penicillin (Gibco, USA)                                0.1 g 

100 IU/ml Streptomycin (Gibco, USA)                               0.1 g 

Hepes                                   10 mM 

All chemicals were dissolved in 800 ml of sterile deionized water and made up to 1 L 

with sterile deionized water. The solution was stirred for 4 h and sterilized by filtration 

(0.22 µm) and kept at 4˚C. 

      

 

2. Phosphate Buffered Saline (PBS) (1L) 

     

Sodium Chloride, NaCl (FW58.44; Merck, Germany)                                      8 g 

Disodium hydrogen phosphate, Na2HPO4 (FW141.96; Merck, Germany)      1.15 g 

Potassium chloride, KCl (FW74.55; Merck, Germany)            0.2 g 

Potassium dihydrogen phosphate, KH2PO4 (FW136.08; Merck, Germany)   0.2 g 

All chemicals were dissolved in 800 ml of sterile deionized water. The solution pH was 

adjusted to 7.2 with 1 M HCl or 1 M NaOH. The solution is then made up to 1 L with 

sterile deionized water. The mixture was autoclaved at 121˚C, 15 min. After 

sterilization, PBS was stored in 4˚C.  

 

 

3. Antibiotic-Trypsin-Versene (ATV) (1L) 

 

Sodium Chloride, NaCl (FW58.44; Merck, Germany)         8 g 

Disodium hydrogen phosphate, Na2HPO4 (FW141.96; Merck, Germany)    1.15 g 

Potassium chloride, KCl (FW74.55; Merck, Germany)                       0.2 g 

Potassium dihydrogen phosphate, KH2PO4 (FW136.08; Merck, Germany)   0.2 g 

Trypsin 1:250 (Amresco, USA)                        0.5 g 

Glucose (Sigma, USA)            1 g 

Ethylenediaminetetraacetic acid (EDTA), C10H16N2O8                                  0.2 g 

Phenol red (Merck, Germany)           0.02 g 

Sodium bicarbonate, NaHCO3 (FW 84.01; Sigma, USA)        0.58 g  

100 IU/ml Penicillin            0.1 g 

100 IU/ml Streptomycin (Gibco, USA)          0.1 g 

All chemicals were dissolved in 800 mL of sterile deionized water and made up to 1 L 

with sterile deionized water. The solution was stirred for 4 h. It is then sterilized by 

filtration (0.22 µm) and kept at 4˚C. 
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4. Sucrose Gradient 

Surcrose solution at different concentration is prepared with PBS buffer pH7.4 as  

follows:- 

Solution A: 20%(W/V) Sucrose solution 

10g Sucrose (Merck, Germany) in 50ml PBS 

Solution B: 30%(W/V) Sucrose solution 

15g Sucrose (Merck, Germany) in 50ml PBS 

Solution C: 40%(W/V) Sucrose solution 

20g Sucrose (Merck, Germany) in 50ml PBS 

Solution D: 50%(W/V) Sucrose solution 

25g Sucrose (Merck, Germany) in 50ml PBS 

Solution E:       60% (W/V) Sucrose solution 

                         30g Sucrose (Merck, Germany) in 50ml PBS 

 

Three quarter of the PBS buffer volume added to the sucrose. 

Stir with a sterile magnetic stirrer continuously until all sugar dissolve. 

Transfer into a measuring cylinder and top up to 50 ml. Label and keep refrigerate. 
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APPENDIX B 

 

 

Virus titer determination by TCID50 

 

 

            Calculation of infectivity titer of RCMV ALL-03 by TCID50 according to the method of Reed &Muench (1938). 

                           

End point =   
                         

                               
 

=
       

       
 

=0.8 

TCID50=Dilution where CPE >50% +0.8 =4.8µl                                     The titer of RCMV ALL-03 suspension is 10
4.8 

TCID50 /0.1 ml 
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APPENDIX C 

 

 

Sequencing data obtained for gap 1, gap 2, gap 3, gap 4 and gap 5 for gap closure purpose 

Gap 1 First Trial Forward ANNNNNNNGCGNATACGCGTTNTATGGAAACGAATCGACCCGAGCATACATCGTCACCGATGAGGCG

CAGTGCATCGATGGATATACAACGATGTCGTTCTCGTTCTCGTTCACGTTCACGTTCTCGTTCTCGCTC

TCGTTCTCCTTCTCGTTCTCGTTCTTATTCCTTTATTCGTTGGCGCTCGCATTCTCATATTCGGTTGCCAT

ATGACGTTTCAAAATTGACACGATAAACCATTTTCATGATGTAATACTTTTTATTATGTATATTTGTAC

AATGGTAGGTGTAACACAACAATTTTTACAGAAAACTCACAGAGACCCATAAAGAGGGTGACTAATA

AGGTTATAGCACTCAATACAGGAAAAAAAAGGTTGATATTCACTAAGAATAGGTTAGCAAGAATACC

ATTGATATAATGCAGTTTGTTTAGATTAACATACGATAAGAATTCACGTACGCCTTTCCGACGATGATT

ATGTGTCTCTCGTTCTCGTTCTCGTTCA(Total=490) 

  Reverse GGNNNGNAGNGTAAGAGACGAGAACGAGAACGAGAACGAGAACGAGAACGAGAACGAGAACGAGA

ACGAGAACGAGAACGAGAACGAGAACGAGAACGAGAACGAGAACGAGAACGAGAACGAGAACGAG

AACGAGAACGAGAACGAGAACGAGAACGAGAACGAGAACGAGAACGAGAACGAGAACGAGAACGA

GAACGAGAACGAGAACGAGAACGAGAACGAGAACGAGAACGAGAACGAGAACGAGAACGATTTCG

AGAACGAGTACGAGTACGATATCTAGATCTAGATCTAGATCGATATCGAGTTCGAGTTTGATTTGGGT

TTGGGTTTTGGTTTCGTTTTGATTTTGATTTTGTTCTTGTTTCTGTTCTTCTTTATTATCTTTATTGTTATT

GTTAGAGTGGTCCTGATTCTGATAGTCTGTCTCTGGGTGGTGTACACCTAATCGTATTCTTATTTTTATC

TTTATATTACTACTCGTTTGGTTATTTCTGTTTTTGTCTTTGTCTTTGTCTTTGTCTTTGCCTTTGTCTTTG

TTATTGCGNATACTGTTGCGGTTGGGGCTGGGTTTATGGGTGTGTTTGTCGTTGTGGTT 

(Total=490) 

 Second Trial 

(Middle Up) 

Forward NANTNTTCATTAACTTATAATCAGCACAAGATCCGCCCACACAAAGCGATAATAAAACTCTTAATAAA

TCACAATGAACGACATTCGTCGTCAAATCATTTTTTACACACGACTTTCGTAGTTGCCGGTAGTTTATT

TCTCTTTACAAACGCCTTTACTTTTGCCCTTTCCGCGTGTAGACGGTTTAGACGACTTATCTTCTGTGGA

TACTTTATCTTCGTCTGATGACGATTTACCAAGTATTTGTTTATCTAAAGCCTCATTCATCATTTTATTC

ATGCGGTCTATGTCATCAAATGTGGTGATGTGTTGTTCTTCATCGTCTCCATCGTCCGAATCAGAGTCG
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TCGCTATCTTCACCCATAACATAGTGAAAACGTCTCTTACGTTCGGCAGCGACTTCTTCGTCAAAACGG

TTTTGCTCTTCTGGAGTGAGCCCATCATAGAATTTAACGACCTTTTTCATATCTTTTACAGCCATACGA

CCGGCATACGATGCCATAATCTCAAAACAGACTTCCCAAAGTTCCCCTTTATCATCCATTATCACTAAC

CCGAATTACACACGCCCACACAGCCCGGCAAAAAACGAGCGTATATATAGACAACCGAAAACGTTGT

TAGATATTATTCTGCTTCTCAGTCAACTCAGACACCGCTTTATATAGAACTTGCATGTACCCGGAAACC

TTTCTCGATCAACGACAGAACTAACCAACCCCCAACACATTAACCGCGTATACGCGTTAATATGGAAA

CGAATCGACCCGAGCATACATCGTCACCGATGAGGCGCAGTGCATCGATGGATATACAACGATGTCG

TCCCCGCTTCTCGAGACTCGAGAA(Total=900) 

  Reverse CNNNTTGNATCATCGATGCACTGCGCCTCATCGGTGACGATGTATGCTCGGGTCGATTCGTTTCCATAT

TAACGCGTATACGCGGTTAATGTGTTGGGGGTTGGTTAGTTCTGTCGTTGATCGAGAAAGGTTTCCGG

GTACATGCAAGTTCTATATAAAGCGGTGTCTGAGTTGACTGAGAAGCAGAATAATATCTAACAACGTT

TTCGGTTGTCTATATATACGCTCGTTTTTTGCCGGGCTGTGTGGGCGTGTGTAATTCGGGTTAGTGATA

ATGGATGATAAAGGGGAACTTTGGGAAGTCTGTTTTGAGATTATGGCATCGTATGCCGGTCGTATGGC

TGTAAAAGATATGAAAAAGGTCGTTAAATTCTATGATGGGCTCACTCCAGAAGAGCAAAACCGTTTTG

ACGAAGAAGTCGCTGCCGAACGTAAGAGACGTTTTCACTATGTTATGGGTGAAGATAGCGACGACTCT

GATTCGGACGATGGAGACGATGAAGAACAACACATCACCACATTTGATGACATAGACCGCATGAATA

AAATGATGAATGAGGCTTTAGATAAACAAATACTTGGTAAATCGTCATCAGACGAAGATAAAGTATC

CACAGAAGATAAGTCGTCTAAACCGTCTACACGCGGAAAGGGCAAAAGTAAAGGCGTTTGTAAAGAG

AAATAAACTACCGGCAACTACGAAAGTCGTGTGTAAAAAATGATTTGACGACGAATGTCGTTCATTGT

GATTTATTAAGAG 

GAACCACTACCGACGCCGCGAAAAAGACACATTCTCTGTGCGTCTCCAGCTATCTGACGATCGAGCGT

TCTCATACTTTTATTATCGCTTTGTGTGGGCGGATCTTGTGCTGATTATAAGTATAAAAGAAAAAATTT

TCTTTTGCTTTAAGNTGGTGGTGTCACA 

(Total=900) 

 (Middle 

Down) 

Forward GGGNNANATCTTGTAATGTCTCGTTCTGGTACTGGTTCTAGTTTTGGTTATGGTTAGGGGCGGGAGAT

AGTTTTTATTATAGTTCTAGGTCTTGGGTGAGTTCTGGTTCTCGGTCGGGTTCTTGATCTCGTTCTCGTT

CTCGTTCTTGTTTTGGTTCTCGTTCTGGTTTTGGTTTTCGTTGTCGCCCACTCTCCCGATCCCCACAGTTC

CCATTACGATATCTACAGTCCCCGCAGCCGATCTTGGTCGAATTACCGGATACGTCCTCGGTCCTTTGC
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ATGTACTCGACGGGGAATGAGGGATCGGGTGTGCCTGTGTTGGTCATTCCCCGTTATCATTCGTTTTGG

TTGTACAGAGACGGGGTGAATTAGAAAATAAAGCGATGCCCGTATTAGTACTGGAATCGGGATAACG

TCATCGCTTCTACAGAAAGGGAACTTACACAAAACGAAACGTATCGAAAAATAGAGATATCGAATCG

TTACGTGTTTTTGTTTATTTCACATTAGAGGGCAACTAGGTCAACTCGTTTATATGCCCGTAGATATGT

CCGAATATTTCTCCAGATCACATCTCAATCCCTGTATGTTTCACGAATAACGGTACACGTTTCACGGTG

CACATCACCTATCTTCAGTGTCTCCATCACCGTCTCTCTCTCATCCTCGTCCACTTGACCCCAAACCTAT

CATCCCGATACGACGTTCGTCGAATTATCAGATAGGTGTAAATGTAATACAATACAAACGAAGTGCCA

CGAGAACGATCGCTGTAAACTCTTCTCGTCGATTCGGGCCGGACCAAGCTCGGACGCGTTCATGTCAG

TACGGCGAACGGCTGGAACACCGAACCTCCCGTCCGCAGTACAGCGGCCGGAACAGCTAACTTCCCA

CCCACGGACAGAACTTTGCGAGAACGAA 

(Total=900) 

  Reverse CNNNTTGNATCATCGATGCACTGCGCCTCATCGGTGACGATGTATGCTCGGGTCGATTCGTTTCCATAT

TAACGCGTATACGCGGTTAATGTGTTGGGGGTTGGTTAGTTCTGTCGTTGATCGAGAAAGGTTTCCGG

GTACATGCAAGTTCTATATAAAGCGGTGTCTGAGTTGACTGAGAAGCAGAATAATATCTAACAACGTT

TTCGGTTGTCTATATATACGCTCGTTTTTTGCCGGGCTGTGTGGGCGTGTGTAATTCGGGTTAGTGATA

ATGGATGATAAAGGGGAACTTTGGGAAGTCTGTTTTGAGATTATGGCATCGTATGCCGGTCGTATGGC

TGTAAAAGATATGAAAAAGGTCGTTAAATTCTATGATGGGCTCACTCCAGAAGAGCAAAACCGTTTTG

ACGAAGAAGTCGCTGCCGAACGTAAGAGACGTTTTCACTATGTTATGGGTGAAGATAGCGACGACTCT

GATTCGGACGATGGAGACGATGAAGAACAACACATCACCACATTTGATGACATAGACCGCATGAATA

AAATGATGAATGAGGCTTTAGATAAACAAATACTTGGTAAATCGTCATCAGACGAAGATAAAGTATC

CACAGAAGATAAGTCGTCTAAACCGTCTACACGCGGAAAGGGCAAAAGTAAAGGCGTTTGTAAAGAG

AAATAAACTACCGGCAACTACGAAAGTCGTGTGTAAAAAATGATTTGACGACGAATGTCGTTCATTGT

GATTTATTAAGAGTTTTATTATCGCTTTGTGTGGGCGGATCTTGTGCTGATTATAAGTATAAAAGAAAA

AATTTTCTTTTGCTTTAAGNTGGTGGTGTCACA 

(Total=900) 

 Third Trial Forward NGGTTGAGTACGACCTTTTTCTATCTTTTACAGCCATACGACCGGCATACGATGCCATAATCTCAAAAC

AGACTTCCCAAAGTTCCCCTTTATCATCCATTATCACTAACCCGAATTACACACGCCCACACAGCCCG

GCAAAAAACGAGCGTATATATAGACAACCGAAAACGTTGTTAGATATTATTCTGCTTCTCAGTCAACT
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CAGACACCGCTTTATATAGAACTTGCATGTACCCGGAAACCTTTCTCGATCAACGACAGAACTAACCA

ACCCCCAACACATTAACCGCGTATACGCGTTAATATGGAAACGAATCGACCCGAGCATACATCGTCAC

CGATGAGGCGCAGTGCATCGATGGATATACAACGATGTCGTTCTCGTTCTCGTTCACCATCGCGATCC

AGATACCGGNAAAAAACCAAA 

(Total=500) 

  Reverse NNGGTAGTAGAGACGAGACGACATCGTTGTATATCCATCGATGCACTGCGCCTCATCGGTGACGATGT

ATGCTCGGGTCGATTCGTTTCCATATTAACGCGTATACGCGGTTAATGTGTTGGGGGTTGGTTAGTTCT

GTCGTTGATCGAGAAAGGTTTCCGGGTACATGCAAGTTCTATATAAAGCGGTGTCTGAGTTGACTGAG

AAGCAGAATAATATCTAACAACGTTTTCGGTTGTCTATATATACGCTCGTTTTTTGCCGGGCTGTGTGG

GCGTGTGTAATTCGGGTTAGTGATAATGGATGATAAAGGGGAACTTTGGGAAGTCTGTTTTGAGATTA

TGGCATCGTATGCCGGTCGTATGGCTGTAAAAGATATGAAAAAGGTCGTTAAATTCTATGATGGGCTC

ACTCCAGAAGACAAAACCGTAA 

(Total=480) 

Gap 2 First Trial Forward NNAANAAATCAACATATGACTTACATGTTGGCAGGTATTACTTGATGTGGGCGCTTGTATGTTACTAA

AAAATTTGAGACTTATAGTGTTTTATATATTTATTGTCACCTTTATCCCATAGAGATGGTGGTACGGTT

TGTTCCAAAAGAATAAGGTCTTTGGATGTACATAACGTGAGCACGGATATATCGTAGGCACAACTACA

ATTCACGTATGATGTGCTGAGGGAATATATCAATCAGGCTTTGAGAAACATTTTGGATGCTTGGTATT

CGGGTTTGTTGAATGTCGTATCTCGGCTAAAGTTCAATAAATTACGTAAGTGTCTGGATGTGTAACCA

CATCAAACGCATATGGAAATTCCGTGTCCTGTACTCCCGTATCCCGTACCATGTCTAGATGTATGACCG

CATCATCCACAAATGGAAATTCCGTTTGTTGACTCGTTTCCTGTACTGAAGTTGCTCGGTAAATAATTA

TTCAGTAAACGATATACACGGACATAAAAAAACGATATGATACGTGACAGCGATTATTACTCGTTATC

TAATTGATATTGCATAATAAATTTATGACTAGTATAGAATTATTATGCGTCTAATTCTTTCGCATATGT

GGATGAAAAAATCGGCCATCGGCAGACATATCCTTTCTCTCAATGTAAATATAACCAATATAAATATA

ATCAAAAATAACATTAAGAAACTGATAAGTATTCCATAATTTCCTCGACCCGATACGTACTTATTGTG

TGTAAAATGAGATGTTGTGCTAATAGTACTCGGCATAATTGTATTCACCTTTCTGACGATGGTATTCGG

GTTTGTTGG 

(Total=800) 
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  Reverse NNNNAAAAACGTCCTAGATATATGTATCCACCATACGTTTCATTTTTTAATTTAAAATAGTGGCGCCCT

CTATTGTTGATATTGTTAATTTATAAATAGGAAAGGTTCTTGGCACCGGATTGGGTTTCGTTAATTCGG

CTTCGCAGCGGATGATTGTTCGAAAACCTTCCAATGCCTGAAGAGATTTTGGACTGATACGCTGCCAA

AAAACAAGAAGCCCAGCATTCGTGATGTACATCTCAGGATATCCAATCTTATCGTGGGTTTCGTTAAT

TAGGCTCATATCGTTTTTTTATGTCCGTGTATATCGTTTACTGAATAATTATTTACCGAGCAACTTCAGT

ACAGGAAACGAGTCAACAAACGGAATTTCCATTTGTGGATGATGCGGTCATACATCTAGACATGGTAC

GGGATACGGGAGTACAGGACACGGAATTTCCATATGCGTCTGATGTGGTTACACATCCAGACACCTAC

GTAATTTATTGAACTTTAGCCGAGATACGACATTATCCACAATACGTTTCGCGTATTGCGGCGAGTAG

AAATGGGAACATCGAATCTCGGTCCTTAAATTTTAATGTTTGCTCGATTACCCAGACCCGTTTTTGAAT

GTGTTTGCTTTGTGTAGTAAATCTGTATACACGTAATCGGGAACTCAGATAAAAAGGACTAACAATTA

TATTAGCACAGACTCTTGTTTTTGGTGTCTATCTCTGCGCATCGTTAATAGCTACATATTCCCACGGAC

ATGAAGACGGCTTTCCTTTNTGTGGCGACAATTGCGTTACTATCTCCGTCGTACGGGTTTCGTTAATTA

GGCTAAAA 

(Total=800) 

 Second Trial 

(Middle Up) 

Forward NCTCAGCATACGTGTTGTATATTCTGTTATATTCTATTATATGTGCTCTGAACTTCGTTGTTCTTTTATG

TGATGCAGTTTCAAAACCGTCTTATGTATAGATCTTCTCGGGACGACGATTAGCACATCTACCAGCCT

GCTATATGGATAATTACATAAAGATCTCTCCCCGGTCTAAGATTTCAAAGGGTCCCTGTAGTCGTTCCC

TTCGGTGCCGTGCCGCCCCGTAGATCGAATTGTATTCACTGCGTATGCTCACTTCTTGACAAACTCCTG

TTTGTACTGATTTTCGTCAATAATCGCGCCAGACGAGGTCACCGCTATTCGACATGTTCTCGAGAGTGC

CTCTGTACACGTCTTCCATCTCGCGAGCCTGTATGATACGTCATCGTCGTTGTCCATTTGCTGTTACTGT

TGGGAACCACTCGGGAGATCCTCTGCACGTGACCTGGATCCGTTCCGCAGTCTTCGTATACAGGTCGA

ACAACGGGTTCGAGAGTCACAGCTTCGCGCCGAAGCCTAACGGGACTCTGCCGGAAGGACGGAACGC

TCCCCTTTCTATAGACCCGGTTCTCCATAAGGCTGTTCATTTCGATGGGACGGAGGCTAACGTTGTTGT

TAATTTATACCC 

(Total=600) 

  Reverse NNNNNNNNNNNGGAANGTTNGNNANNCTAGATGCTGCGGATGGTGATGAACGAAAGATACGTATCA

CTACCGTGTTAAAAACTGTACATAATTGTAAATAAAGAAAATGCGAGTCGTGAAATTTTTTATTCATC

GTTCACTTTATTGTGCCGAGGACCTGGTTTTGTGAAGTGTACTTGGGATTTGGGGATGTGTAGGGAGG
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TTATGATGCTGGTGAGTGCCGGCGAGAACTGGGTTATACCGGCAAACGTAAATNGGAAAATCCTCCTA

GATCACATATTCCCGGGTGTTCACACGTTGACGGTGTCGAAATTTGATCCTGTTTTTAACTGATAGGGG

TCCTGGGGTATATGTTAGTTATCATAAACAANACACTGCAGCTCCTCACCTACCATCGTGGGGTGGAG

GTGTCCATATATATCAATCGANTACCCTCACCGACAAAGGTACCCTTTCACCCCTACGCCATGCAGGG

TTCCTACCACACCGGGCCACGTACCCCNTTGTTTAGCAGNNGACGACCCTCCGCTCGGCCAGTACACC

AGTTGTTGGGCGTATGGCATTTCTCTCATTCTGGGTATCCTTGAGCTNTTGAAATAAAAAGGATTGTTT

NNGGTNAATTNTTNN 

(Total=580) 

 (Middle 

Down) 

Forward TNNNNNNNNNNNNATNTNNANTNNNNGNTTAGGAAGGTCTTTGTAGTGNACCTGCGATCGGACGGTN

TACCGGGTGGGGTGATGAGATACGACAGTACCTTTGTTCTGAGAATGAGATCCGCTACCTGGATAGAA

CGTATAGGGGATCGTGTGATGTCGCTAGCCATGAAGCGATTTTCTCCGGAATCGTTACCTAGCGATTG

GTTCCGCCACATGATCGATCCGTGTCTGACAGGGGAGGATATCTCCTCTCTTGATGGGGAGTGTATCG

TAGGCGATCGTCAGAAAGCGCGGCCTCCGCCGTTTCTCCCTTTCACGGTCTTACTTATCACGGGCACCG

CCGGCGCCGGTAAGACTTCCAGCGTTCAGGTACTAGCCGCTAATCTGGATTGTGTGGTCACCGGGAGC

ACGGTTATCTCCTCCCAGGCTTTGAGTTCTGCGTTGAATAGGACGAAATCTGCACAAATTAAGACTAT

ATTCCGTACTTTCGGATTTAATAGTAAACACGTTGCCTTGGCCGATTGCGTTCATCTGCGTAAAAAGGA

TGATGTCTCGTTCGACGGCGTCGAACCCATATGCGAACAACAATGGCGAGATTTGTCGGTGTATTGGT

CCGTTATATCGGATATCGCCAATAATGCCCTCAAGGCCGGAAAGGGTGCGCGGGATACCATGGATAT

GTGTCAGAGTAATATCATAGTCGTTGATGAATCCGGGACTATACTCAGACACATGCTACACGTCATTG

TGTTCTTCTACTACTTCTACAATGCCCTGAATAACAGTGATCTGTATAAGAAATGTGCCGTGCCGTGTA

TAGTTTGCGTGGGGTCCCCTACGCAGTCGGAGGCTCTTGNAATGTCGATTCGATCACCATTCTCAGAA

CAGAAACATNCAGAGAGGTGTAGACGTGTTATCTGCGCTCTTAGCGATCCGGTTTGTCGGAATTTTGT

TATGGTTNGGAAAATTTAAAAAAANNNANANTTN 

(Total=950) 

  Reverse NNNNNNNNNNNCNCATNNNANCTTCANAGGTTGTCAGTTNACTCACTCAGNNGGAGGGGCGGCCTNC

CATTCCTAACCTACCATATTGGCAGTTAGATTAGACTGTGCTCTAGTCATAGTATGGCTTTGCGCTGTC

TGTCATTGAGACTGGAGCGGAACATATTTGATCCCGGCCGCCTGGCACTCATCCTCAAAAGAGCCCNC

TTGAAACAATGTCCGAGGAAATAACCCATGATTACTAGCCTGACTTGTACGTGGTGTTATTTCTTTAAT
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TGTTGCTTTAAATTTTTCAAAAACAAGTTTTCTCAAGTCTTCCAAATTAAATGCTTTATCTAATTCATTA

TTCAGATCTGGAGGGAAGAATTAGGATATTCTTACACGTTGTTCTTATGGATTTTTCTACTCTCCAATC

CTTGCTATGACACTACGTGTCATTCTCCCAGAATCATAGTTTATTGATCGGTCCAGCTCCTGGAAACAT

GTTCCCTTCCTTATATGCTATTTTTTCTTGGTTCCTGTTATACTTGAGATTCAGGGANTCATCGTGAAGG

NACGCACTTTTGGAGAATCGATGAATGGGGCGGGGTTTTATTCTAACGGAAAGTCAACAGTTCAGTGN

AGCTATTACGGATCATCGTCTGCATTTAGTTGTTCACCGGTGGAGTNGTCGTACTGCCAAAATCGAAT

AGACGGGTCGACTGCGTATTGATACATGCAATAGGNTGCCGTTTCTGCTCAGTCCGTCTGCTCTGAAC

GCAAGCCGACACCAAACTNCCCNAGTANGACGATCAGGGCCACGTTTGTATNNGCTGTACCAGGAAN

CGCNCNTNNNTTAGNACGANAGNNTCCNNAGNCCTATNNGACTCTCCTGCNAGCGNGAGNCACGNNN 

(Total=950) 

 Third Trial Forward AAATCGCATTATGTAAAATGCTGATTCTACCTCTGTTCATAAACGAGTAAGGTAGTTCCGCTACTGAG

TATGCTTCTTTTAATTGATTTAATTATCTAAACCTACATAGTACTTAAAAATATACATAAGCAAATGAA

GTATGAGGAACTAAGAAGCCTAATTAACGAATCCCTTTTGAAACAGTTAAACGTTATGGAATAAACCC

TATTAATATCCTATATCGTAATTCGAGCACGTGTATATCCCTTTCCAAGTGTACCCCTCCCTAACCCCC

CCCTAACCACGATCTTTTCCGCTGTGCGCACGGAAACCCCGTTCCCGGAGAATGTATGGTCGTGGATT

ATATGGGCTTTTTCAATTTTCCCGCACAGTACCAGGCTTGTTGGTTCGGTCAGTCAGACCAGAGATTTT

CTTCACAAAGAATTCCATCCTCAAAGTAACTGACATCCTAGGTATTAATCTCACCAATTTCACTAACAT

ATCTGGTGATCGCCTTATGTCACAGCTTAAGTTATTCATTGGTTCTGGTTATTAAGGGATGCTTGGCAA

CTCGACTTACAACTAAAATACCAACGCTTTCAGTTCCCCACCTCAGTCGCNGTGTCCGGTCTGAGAAA

CCTGAAACAGTCCTGAGTCCTGTCCAACATCAACATCAATACAGCC 

(Total=400) 

  Reverse GCCGGGGTCTTCATGTACATCTTTTAGCCCCTTCTCCATGCCCCCCGCATGTCTAAGTTGTCTGTGCTTT

TATGTGAAACTCAACGTCCTTTTTTTTTTCGCATATTAAATCAACCTTATTGCTTGATTTTTTGGGTGGC

CGGACCTTGGACCGGGGCACGGGACCGGGGAACGGGGCCGGGGAACCGGATGAGCCGAGGAGGCAA

GGGTCCGGGAAAGGGACCGGTCAAGGGGACGGGGAGGGGACCGGGAAAGGGACCGGGAAAGGGAC

CGGGAAAGGGACCGGGAAAGGGACCGGGAAAGGGACCGGGAAAGGGACCGGGAAAGGGACCGGGA

AAGGGACCGGGAAAGGGACCGGGGAATGGACCGGGAAAGGTACCGGGAAATGGATGGGGCAATGGA

CCGGGAAAGGCACCGGGAAAGGCACCGGGAAAGGGACCGGGAAACGGACCGGGGAGCCGATTTTTG



© C
OPYRIG

HT U
PM

125 

CGGGGATCCATTTTGGAAATAAACCCAGGTTCCCACAGCACCGGCGACACCTGATGAGCATACTACCA

AACAAAATCGTTTAGTAGAATTGATGGATGGGATATTGCTACGTACCGGAAATTTTTTCGAATAATTT

GACAATCCAATGGACCGTTTAAGGGACTTATTGCCTGATTGTCCGAGCATTCCGATGGCTATTCAATG

GATGAGGTAAATTGACGGGCCAGTTTGTGGACGAGCGAGCCTATCACACCGGGTAGCGGAGCAGCTG

CGGCTGCCGATGCGCCTGGTGATCCGAGAATTCCGGTGAGCCGAGCACACACTGTTTGCGTTTGTCCA

GGTATAGCTTGTATTCCCAGGCTCCAAGTACCAATTTTTTTGAAAATTCGTTGTCATCCGATTGCTCTT

GGGATGTTAGCATATGGTGGTATCCAAGCTTTCGGAGAAGTAATTACCTTCAGAGCCGACAGCAGGG

GAGCTGAGCACCTGGGGATCTATGAGCAGTGTAGCGAGATACGAGGTAGCGATGAGTCGAGGTAGCC

GAGCAGCCGGTGAGTCTAACGTGACACCTCTGATCGCTGACAGGCTTGACCGAATGGCTCCCACGTCT

TACCGTACTTATACCCGAATCTAGCGCTGGACTTCTCGCAGTAATACGTTCATGTAACCTGGCGGTTAG

GTCGGTAAGGGCAACGGAGGGGCTAGAAAGCTCGAGCTGACCCTTATGTACT 

(Total=550) 

Gap 3 First Trial Forward NNNGNACNNNNTTTGTCGAANATCTTAAATTTGTAGATACCCCTGGCATTCTGGATCATAACAACGTT

AGCGATCCGGAGACCTTGTTATGGTTACTTTTTTGTGGGCCCCAGAGTCTCTGTCAGAATCCGACCTGT

TTCGGTCGTGATCGTGAGTGCGAGTTGTCTTTTCCCGCTTTGTTGCCGCCAGTTTTCTACGATACCGTC

ACCGTCTTGGCCGCATACCCTCGGTCCCCGGGTATGCAGCAAAGACGGTGGCGGATTGGTTGTAACAT

GGAGGAATCCAAGGGGGAACTGACACCACGCCTCCCCAAGGACAACAGAAACAATGCCGATTAAGA

GAGAAAAGGGGGGGTGTGGAAAAGTAACAATTACAAGGTCCCCGGGTCGCTAACGTTGTTATGATCC

AGAATGCCAGGGGTATCTACAAATTTTAAGATCTTTTCGACAATAGCCCTCTTGTCCGTGGAGAGGGA

TCGTTTAAGTTGAGATCCTTGAATACGAGTTGTCGTATTCCCGCTGTTTTGCCGCCCNCTTNCTTGGAA

ACCCTCACCCCCCTACCNCATAC 

(Total=490) 

  Reverse NNNNNNNNNCGTTTAGTTGCTCTTTAGTATAAACGACGTACGACCCACTCAGCATACGTCCGTCGTAC

GACAAAGCCGTCACCGTCTTGGCCGCATACCCGGGGACCGAGGGTATGAAGCCAAGACGGTGACGGC

CTTGTAGAACAACGTCACGTCTACTATGTGGATCGAACGTCGTCTAATTCTAACAGAAACTATGCGGC

CCACAAACAACGTAACCAGAAGGCGGTTGCCGAATAACTAACGTTGTTATGATCCACAATGCCATGA

GTATCTACAAATTTTAAAATCTTTTCGACAATACCCCTCTTGTCATTAGATAGACATCGTTTAACTTGT

CCCTCGAGAGGGATCGTTGAAGATGAAAAATTAAAAATAAATTAAACCCCTGGCATTCTAGATCATAC
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AAACGTAGTTAACCTCAAAGCTTCGTAAAGATACTTATTTGGGGGCGACATAGTATCTGTAAGAATCA

GACCAGATTCTCCCTTCATCGACATTGCAAATTGTCTTTTCTCGCTTTGTTGCCACATGTTTCTACAATA

TCGTCTACGTCCTTCTACNAGAGC 

(Total=500) 

 Second 

Trial 

(Middle Up) 

Forward GNCCGCTACGGCCTACTTGGGGATTCTGTAGTTATCACGGCCGACGGCTTATCTCTCTTGTTGAGAATC

GTTTCATAGCGCTGTTTTACTATATCGGCGACTGCGTCCGTCAGCATGGCTGCGGAATCGAGTGTGTCT

ACGACGCTTTGTGATATAGAGGCCCTTGTGGCCGTGGATGAGGGGAGAGTTCCGGACGCCGATATTAA

GAAATACAGGGAGGCTGTGGATGCGGCTCTCGTGGCTTGTGAGGCGTCTTCTCCGCGTGATCGGTTCA

GATTAGTTGAGACGGCCGGTGGAAACTTTTTGTTGGTCACGAACGCTTTGCCGAAGGAAAGGTCTGAG

CAGACTCAATGTGGCGATACGAGCTTGGTAGGTAGTGAGCGAAACGAGGGTGTCTTCGACGGTCTTTT

GTCCTTGAGTGATGATCGTGCTAGCGGGGCCGGTCTTATCGCCTCCATACCCTCGGTCCCCGGGTATGC

GGCCAAGACGGTGACGGCTTTGTCGTACGACGGACGTATGCTGAGTGGGTCGTACGTCGTTTATACTA

AAGAGCAACTTAAACGATCCCTCTCCACGGACAAGAGGGCTATTGTCGAAAAGATCTTAAAATTTGTA

GATACCCCTGGCATTCTGGATCATAACAACGTTAGCGATCCGGAGACCTTGTTATGGTTACTTTTTTGT

GGGCCCCAGAGTCTCTGTCAGAATCCGACCTGTTTCGGTCGTGATCGTGAGTGCGAGTTGTCTTTTCCG

TTTTTTTTTGCCAAA(Total=700) 

  Reverse ACNTCNTCGATACGACCGAACAGGTCGGATTCTGACAGAGACTCTGGGGCCCACAAAAAAGTAACCA

TAACAAGGTCTCCGGATCGCTAACGTTGTTATGATCCAGAATGCCAGGGGTATCTACAAATTTTAAGA

TCTTTTCGACAATAGCCCTCTTGTCCGTGGAGAGGGATCGTTTAAGTTGCTCTTTAGTATAAACGACGT

ACGACCCACTCAGCATACGTCCGTCGTACGACAAAGCCGTCACCGTCTTGGCCGCATACCCGGGGACC

GAGGGTATGGAGGCGATAAGACCGGCCCCGCTAGCACGATCATCACTCAAGGACAAAAGACCGTCGA

AGACACCCTCGTTTCGCTCACTACCTACCAAGCTCGTATCGCCACATTGAGTCTGCTCAGACCTTTCCT

TCGGCAAAGCGTTCGTGACCAACAAAAAGTTTCCACCGGCCGTCTCAACTAATCTGAACCGATCACGC

GGAGAAGACGCCTCACAAGCCACGAGAGCCGCATCCACAGCCTCCCTGTATTTCTTAATATCGGCGTC

CGGAACTCTCCCCTCATCCACGGCCACAAGGGCCTCTATATCACAAAGCGTCGTAGACACACTCGATT

CCGCAGCCATGCTGACGGACGCAGTCGCCGATATAGTAAAACAGCGCTATGAAACGATTCTCAACAA

GAGAGATAAGCCGTCGGCCGTGATAACTACAGAATTCCCCAATGTAGGCGTATTCTGTAAAAAGAGA

TATCACACAATGGCCACCCGAAGA 
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(Total=750) 

 (Middle 

Down) 

Forward AGACGTTCAAACGTCCCGATTATTCTTCCTACATCAACCTGGCCGAGTTGTATGTGTATGTCTGGTATA

AGGATTACGACTTCTCCTCGGAGTCGGCGGGGTGTTACGATTTAGGTGAGGTGGCCATGGACAGGGTC

AAGAAGACGTTGGCGTCGGTTTGTGATAGGTTTGGCGATAAGAACGTACCCGTTTGGCCAATATCGTC

TCGAATATGCATATTTTGTGCTTTATATAATCAAAACAGGGTATGTCTGGACTTGGCGAAGAACGATA

TTAATTTCACCGCGTATAGTCCGATAATCGTAAAAGATTGTCGTGACGCTGCGACAAACGTTACCCTG

AGCCACGTTCTGCCTGACAATCGTGCCGCTTCTTTGTTTCCTGTCTATGACATCGGAATTCTATCACGC

GTTTTGTGTGATTCTTCCGATGGAGAGGAGCGCAGGAAACGTGTGCGGGAAAACATAGAGTCGGCGA

TCAGTTGTTTGGATGACTGATGATGTCGAATCGCACACAGAAAAAGTGGAAGGGGGGA(Total=600) 

  Reverse GGNNNCTAACTCGGTCATCCAAACACTGATCGCCGACTCTATGTTTTCCCGCACACGTTTCCTGCGCTC

CTCTCCATCGGAAGAATCACACAAAACGCGTGATAGAATTCCGATGTCATAGACAGGAAACAAAGAA

GCGGCACGATTGTCAGGCAGAACGTGGCTCAGGGTAACGTTTGTCGCAGCGTCACGACAATCTTTTAC

GATTATCGGACTATACGCGGTGAAATTAATATCGTTCTTCGCCAAGTCCAGACATACCCTGTTTTGATT

ATATAAAGCACAAAATATGCATATTCGAGACGATATTGGCCAAACGGGTACGTTCTTATCGCCAAACC

TATCACAAACCGACGCCAACGTCTTCTTGACCCTGTCCATGGCCACCTCACCTAAATCGTAACACCCC

GCCGACTCCGAGGAGAAGTCGTAATCCTTATACCAGACATACACATACAACTCGGCCAGGTTGATGTA

GGAAGAATAATCGGTGACGGTATCGTAGAAAACTGGCGGCAACAAAGCGGGAAAAGACAAAA(Total=

600) 

 Third Trial Forward NNNGACTCAGTCTTTGTCTTGAGTGATGATCGTGCTAGCGGGGCCGGTCTTATCGCCTCCATACCCTCG

GTCCCCGGGTATGCGGCCAAGACGGTGACGGCTTTGTCGTACGACGGACGTATGCTGAGTGGGTCGTA

CGTCGTTTATACTAAAGAGCAACTTAAACGATCCCTCTCCACGGACAAGAGGGCTATTGTCGAAAAGA

TCTTAAAATTTGTAGATACCCCTGGCATTCTGGATCATAACAACGTTAGCGATCCGGAGACCTTGTTAT

GGTTACTTTTTTGTGGGCCCCAGAGTCTCTGTCAGAATCCGACCTGTTTCGGTCGTGATCGTGAGTGCG

AGTTGTCTTTTCCCGCTTTGTTGCCGCCAGTTTTCTACGATACCGTCACCGATTATTCTTCCTAAATCAA

CCTGAA(Total=600) 

  Reverse GNNGATCGGACGTAGAAACTGGCGGCACAAAGCGGGAAAAGACAACTCGCACTCACGATCACGACC

GAAACAGGTCGGATTCTGACAGAGACTCTGGGGCCCACAAAAAAGTAACCATAACAAGGTCTCCGGA
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TCGCTAACGTTGTTATGATCCAGAATGCCAGGGGTATCTACAAATTTTAAGATCTTTTCGACAATAGCC

CTCTTGTCCGTGGAGAGGGATCGTTTAAGTTGCTCTTTAGTATAAACGACGTACGACCCACTCAGCAT

ACGTCCGTCGTACGACAAAGCCGTCACCGTCTTGGCCGCATACCCGGGGACCGAGGGTATGGAGGCG

ATAAGACCGGCCCCGCTAGCACGATCATCACTCAAGGACAAAAGACCGTCGAAGACACCCTCGTTTC

GCTCCCTACCTACCAAA(Total=600) 

Gap 4 First Trial Forward NNNNCATGACTTCGGAGTTATTTGGGCCAACATACGATGTAGTAGATGATCACGATGGCGAAGATGA

TTTCGGTGAAAATCACGTAGATCACTAGCTGAACGGGGTCTAAATATAGTTGCGGCGTAAGGTGATGT

ATCGCGTTATATGTAGACAGGTTCATGTTGCCGAAATCTATAATTTTTGGATAATAGCACGGAAAACC

GGCACCGGGAAAGTGTGCCGCTATGGAAAATATAACGATGTTTACGAACGAGATTAACGATAACACT

ATAGACATAGTCCATGTTCTCACGTTTACACGATCTACGTGAGAGAGCGTCATTGTGTTTATCGCCATC

GTACCTGCTATCGCGTCGATGGCATCCGTCTATGGGGTCAAATAGTGAAAACTCAGTATGGCGGCGTG

TGGTCTTGTGACGTGGTGTGTTACATATCTCATTGGTAGATCATAAT 

(Total=520) 

  Reverse NNNNANTTTCCACCACGTCACAGACCACACGCCGCCATACTGAGTTTTCACTATTTGACCCCATAGAC

GGATGCCATCGACGCGATAGCAGGTACGATGGCGATAAACACAATGACGCTCTCTCACGTAGATCGT

GTAAACGTGAGAACATGGACTATGTCTATAGTGTTATCGTTAATCTCGTTCGTAAACATCGTTATATTT

TCCATAGCGGCACACTTTCCCGGTGCCGGTTTTCCGTGCTATTATCCAAAAATTATAGATTTCGGCAAC

ATGAACCTGTCTACATATAACGCGATACATCACCTTACGCCGCAACTATATTTAGACCCCGTTCAGCT

AGTGATCTACGTGATTTTCACCGAAATCATCTTCGCCATCGTGATCATCTACTACATCGTATGTTGGGC

CCAAATATACTTCCGAAAAGACAACGGTAATCAGGTAAATCATCTTACGAGAGAA(Total=520) 

  

Second Trial 

(Middle Up) 

 

Forward 

GGNNNNNNNNCNATTGATTTATCTCATCGTTATCGACCAAGGGTCGGTAACGACGGGCGCGACGTAG

AATAAATCGCACCACGCGTATCGTTGTGAATATCACACATAACAACAGTAGGACGGCTAGTGTTATGT

TAATATCTTTGGTGTACTCGGAAGCGTTCAGGGCCTCGTATTGTATGATAGGGTACATGGCTCCGCAC

ACTCCTAATATGCTTCCGATGTGGTATCCGAACTGGACTTTCATGTACCGCACTAGTATGGACTCGATT

ATGGAGAAATAAATTGTCGATACCACCGCGAAGGCGACCATGGCGCCGAATACCACGTGTGCGGTCT

TAACGAAAAAGCTGTTCCCGAACCCGAGGGCGAGCGACATTGCCAGCACCATGGTGCTGATTCCGAG

CAAGGCTTGGCTCAGATTGACCACCGCGGTCCGGTATCGAACGGTGCCTTGTAGCTTTGGGTGGATTT

TAGCGAGATTGAAGGCGCTGCGTTCTGTTGACTCATAGTGGGTGACGAACGTGACCACAAAAGCCGTT
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AAGCATATGAAGTACATGCATTTAGCGAAGGCGACCATGGACGGGAATCTGAACGAGAGGCTGAGGA

CGTAAATCTGGAACGCGTCCATAGTTAGGGTAAAGGCAAAGCATGACGCAGTATCTCCTATGCAACTG

ATGTCTCTCGTAGACTGATTTACCTGATTACCGTTGTCTTTTCGGAAGTATATTTGGGCCCAACATACG

ATGTAGTAGATGATCACGATGGCGAAGATGATTTCGGTGAAAATCACGTAGATCACTAGCTGAACGG

GGTCTAAATATAGTTGCGGCGTAAGGTGATGTATCGCGTATTGTTTGAACACGGAANNAAA 

(Total=700) 

  Reverse ANNANTGNCGNACTATATTTAGACCCCGTTCAGCTAGTGATCTACGTGATTTTCACCGAAATCATCTTC

GCCATCGTGATCATCTACTACATCGTATGTTGGGCCCAAATATACTTCCGAAAAGACAACGGTAATCA

GGTAAATCAGTCTACGAGAGACATCAGTTGCATAGGAGATACTGCGTCATGCTTTGCCTTTACCCTAA

CTATGGACGCGTTCCAGATTTACGTCCTCAGCCTCTCGTTCAGATTCCCGTCCATGGTCGCCTTCGCTA

AATGCATGTACTTCATATGCTTAACGGCTTTTGTGGTCACGTTCGTCACCCACTATGAGTCAACAGAAC

GCAGCGCCTTCAATCTCGCTAAAATCCACCCAAAGCTACAAGGCACCGTTCGATACCGGACCGCGGTG

GTCAATCTGAGCCAAGCCTTGCTCGGAATCAGCACCATGGTGCTGGCAATGTCGCTCGCCCTCGGGTT

CGGGAACAGCTTTTTCGTTAAGACCGCACACGTGGTATTCGGCGCCATGGTCGCCTTCGCGGTGGTAT

CGACAATTTATTTCTCCATAATCGAGTCCATACTAGTGCGGTACATGAAAGTCCAGTTCGGATACCAC

ATCGGAAGCATATTAGGAGTGTGCGGAGCCATGTACCCTATCATACAATACGAGGCCCTGAACGCTTC

CGAGTACACCAAAGATATTAACATAACACTAGCCGTCCTACTGTTGTTATGTGTGATATTCACAACGA

TACGCGTGGTGCGATTTATTCTACGTCGCGCCCGTCGTTACCGACCCTTGGTCGATAACGATGAGATA

AAATCACTACGCGGCGACACGGAATAAAATTCCCCCCTCCCCTAAAA(Total=700) 

 (Middle 

Down) 

Forward NNNNGGGGTGTTCGCGTTATATGTAGACAGGTTCATGTTGCCGAAATCTATAATTTTTGGATAATAGC

ACGGAAAACCGGCACCGGGAAAGTGTGCCGCTATGGAAAATATAACGATGTTTACGAACGAGATTAA

CGATAACACTATAGACATAGTCCATGTTCTCACGTTTACACGATCTACGTGAGAGAGCGTCATTGTGT

TTATCGCCATCGTACCTGCTATCGCGTCGATGGCATCCGTCTATGGGGTCAAATAGTGAAAACTCAGT

ATGGCGGCGTGTGGTCTTGTGACGTGGTGTGTTACATATCTCATTGGTAGATCATAAATAGCGGAGGA

CGGTGTCTATGAAGTATCCACTCGGGTTTTGAAAACGCGATGGACAGACAGTGGCTGTCCGGTGCGAT

CGCTCAGGTCTCGGTCTACAGTTTTCTCCCCGAAGTCAACGAAGCGATCCTGCAGTGTCTCTTCCTCGA

GGCCGAGGAAAACGATCGGGTGGCTTCTCGTGTTCTGGTGTTTTCGGTTCAGGAA 

(Total=650) 
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  Reverse GNNNACCGAATCGTTTTCTCGGCCTCGAGGAGAGACACTGCAGGATCGCTTCGTTGACTTCGGGGAGA

AAACTGTAGACCGAGACCTGAGCGATCGCACCGGACAGCCACTGTCTGTCCATCGCGTTTTCAAAACC

CGAGTGGATACTTCATAGACACCGTCCTCCGCTATTTATGATCTACCAATGAGATATGTAACACACCA

CGTCACAAGACCACACGCCGCCATACTGAGTTTTCACTATTTGACCCCATAGACGGATGCCATCGACG

CGATAGCAGGTACGATGGCGATAAACACAATGACGCTCTCTCACGTAGATCGTGTAAACGTGAGAAC

ATGGACTATGTCTATAGTGTTATCGTTAATCTCGTTCGTAAACATCGTTATATTTTCCATAGCGGCACA

CTTTCCCGGTGCCGGTTTTCCGTGCTATTATCCAAAAATTATAGATTTCGGCAACATGAACCTGTCTAC

ATATAACGCGATACATCACCTTACGCCGCAACTATATTTAGACCCCGAANGA 

(Total=600) 

 Third Trial Forward NNCCTCATGCACTGATGTCTCTCGTAGACTGATTTACCTGATTACCGTTGTCTTTTCGGAAGTATATTT

GGGCCCAACATACGATGTAGTAGATGATCACGATGGCGAAGATGATTTCGGTGAAAATCACGTAGAT

CACTAGCTGAACGGGGTCTAAATATAGTTGCGGCGTAAGGTGATGTATCGCGTTATATGTAGACAGGT

TCATGTTGCCGAAATCTATAATTTTTGGATAATAGCACGGAAAACCGGCACCGGGAAAGTGTGCCGCT

ATGGAAAATATAACGATGTTTACGAACGAGATTAACGATAACACTATAGACATAGTCCATGTTCTCAC

GTTTACAA 

(Total=400) 

  Reverse GGGGNNANNNGCACGTTATCTCGTTCGTAACATCGTTATATTTTCCATAGCGGCACACTTTCCCGGTG

CCGGTTTTCCGTGCTATTATCCAAAAATTATAGATTTCGGCAACATGAACCTGTCTACATATAACGCGA

TACATCACCTTACGCCGCAACTATATTTAGACCCCGTTCAGCTAGTGATCTACGTGATTTTCACCGAAA

TCATCTTCGCCATCGTGATCATCTACTACATCGTATGTTGGGCCCAAATATACTTCCGAAAAGACAAC

GGTAATCAGGTAAATCAGTCTACGAGAGACATCAGTTGCATAGGAGATACTGCGTCATGCTTTGCCAT

TTACCCAAAAN 

(Total 500) 

Gap 5 First Trial Forward GGGNATTNNACCGAGGAATCCCGCTTTGGGGAATCTCCGGATCGACGGAGCCTTCGGAGCGGAGGTA

TCTCCGCATCGGTGAAGACTCCGCCTCGGAGAGGTCTCCGAAGCGAGGCAATCCTCGGATCGGTACGG

TCTCCGTCTCGGAGCGGTCTCCGTCTCGGAGCGGTCTCCGTCTCGGAGCGGTCTCCGTCTCGGAGCGGT

CTCCGTCTCGGAGCGGTCTCCGTCTCGGAGCGGTCGCCGTATCGGATCCGCAGTATCCAGCACGGGAA

AACTCCTGCGCGGGGAATCACCATCATAGGTGCAATTCCTCGGAGCGGAGTTTTTTCCGTACAAGAGC
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AGGTCTGAAACTGCTTCGGTACTCTATACCGCGCCGTTCTTCCTTGGTATTCATCTTTTACGGTCAGTC

ACACCGTGTAATTTGTTTGTTATTTGTAATTTTTTACAGGTCTCGGTGACGCCCATCTACCTGTAACAG

GCTTCCCATCCTTCCTTCATCCAA 

(Total= 500) 

  Reverse CGNTACNATAAATGAGAGTCCTGAGATCTGTAAAATTACAAATAACAAACAAATTACACGGTGTGAC

TGACCGTAAAAGATGAATACCAAGGAAGAACGGCGCGGTATAGAGTACCGAAGCAGTTTCAGACCTG

CTCTTGTACGGAAAAAACTCCGCTCCGAGGAATTGCACCTATGATGGTGATTCCCCGCGCAGGAGTTT

TCCCGTGCTGGATACTGCGGATCCGATACGGCGACCGCTCCGAGACGGAGACCGCTCCGAGACGGAG

ACCGCTCCGAGACGGAGACCGCTCCGAGACGGAGACCGCTCCGAGACGGAGACCGCTCCGAGACGGA

GACCGTACCGATCCGAGGATTGCCTCGCTTCGGAGACCTCTCCGAGGCGGAGTCTTCACCGATGCGGA

GATACCTCCGCTCCGAAGGCTCCGTCGATCCGGAGATGTCCCCAAAGCGGGGATATCCCCGGGTCGGA

GACTACATCGATCACATAGTTTTTACCGCC 

(Total=550) 

 Second Trial 

(Middle Up) 

Forward AGGCCTACGGGTGTTCGCTCGTTGTCGTCTGACGGCGTTCTTAATCGAGAGCGCCTTTTATACACGGCG

GCGTCGGCGGGGCGATGATGATTTTACATACATTTGATACTTTAATATTAACATTTATCACATAATGAC

GTTTTGTGACAAACGCTGTTTTTGTAGAATCACGTGATGTACGTACCGAGGATGCGGACACATCGCAA

TAGAAAATGGTCTTTTATTCGGAGTGGTCTCCGATACGGGGCGATCTTCATATTACTCTCCCCGCGTCG

GTGGGCACTCTGAATCAAAGTCGCCATAATCTATTCGTTATCGCCGGTCTCGTCCACGTTCCTACTCGG

ACTCTTATCGCTGTTCTGTATTGCGCTGTTGTCCGACGTGGTCCCTTTGGGGGATGAAGGTGCTTTGTA

CACTCACCTCGTGGCGGTAAATCTATGTGATCGATGTAGTCTCCGACCCGGGGATATCCCCGCTTTGG

GGACATCTCCGGATCGACGGAGCCTTCGGAGCGGAGGTATCTCCGCATCGGTGAAGACTCCGCCTCGG

AGAGGTCTCCGAAGCGAGGCAATCCTCGGATCGGTACGGTCTCCGTCTCGGAGCGGTCTCCGTCTCGG

AGCGGTCTCCGTCTCGGAGCGGTCTCCGTCTCGGAGCGGTCTCCGTCTCGGAGCGGTCTCCGTCTCGG

AGCGGTCGCCGTATCGGATCCGCAGTATCCAGCACGGGAAAACTCCTGCGCGGGGAATCACCATCAA

GTGGCAATTTCCAA(Total=500) 
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  Reverse NNCNNCCAGTACTTTCCGTGCTGGATACTGCGGATCCGATACGGCGACCGCTCCGAGACGGAGACCG

CTCCGAGACGGAGACCGCTCCGAGACGGAGACCGCTCCGAGACGGAGACCGCTCCGAGACGGAGACC

GCTCCGAGACGGAGACCGTACCGATCCGAGGATTGCCTCGCTTCGGAGACCTCTCCGAGGCGGAGTCT

TCACCGATGCGGAGATACCTCCGCTCCGAAGGCTCCGTCGATCCGGAGATGTCCCCAAAGCGGGGAT

ATCCCCGGGTCGGAGACTACATCGATCACATAGATTTACCGCCACGAGGTGAGTGTACAAAGCACCTT

CATCCCCCAAAGGGACCACGTCGGACAACAGCGCAATACAGAACAGCGATAAGAGTCCGAGTAGGA

ACGTGGACGAGACCGGCGATAACGAATAGATTATGGCGACTTTGATTCAGAGTGCCCACCGACGCGG

GGAGAGTAATATGAAGATCGCCCCGTATCGGAGACCACTCCGAATAAAAGACCATTTTCTATTGCGAT

GTGTCCGCATCCTCGGTACGTACATCACGTGATTCTACAAAAACAGCGTTTGTCACAAAACGTCATTA

TGTGATAAATGTTAATATTAAAGTATCAAATGTATGTAAAATCATCATCGCCCCGCCGACGCCGCCGT

GTATAAAAGGCGCTCTCGATTAAGAACGCCGTCAGACGGACAACGAGCGAACACCGGTGATCGCGAC

AAAAAATTCAGGAGGGGGGTGATTAAAA 

(Total= 600) 

 (Middle 

Down) 

Forward TNCGTTTACGGGCTTTTCGTACAGAGCAGGTCTGAACTGCTTCGGTACTCTATACCGCGCCGTTCTTCC

TTGGTATTCATCTTTTACGGTCAGTCACACCGTGTAATTTGTTTGTTATTTGTAATTTTTTACAGGTCTC

GGTGACGCCCATCTACCTGTAACAGGCTTCCCATCCTATCTTCATCCTTTTTATAGGCGGTGGTATATG

TGGGCGGAGGTGACCTTAACTATGCAATCCCCACGGTCCACTTACGGTAAGTGGTTAGATGTTCGTGA

TTTATATTGTAATTATCGATAGAGTTCGTATATTTTCTTTAGCAAACATGGGGTTGCATCTTCTTTGTGA

CTAGGTGTCAAAATATATAATTTTTTTTCGTCGACACATCAGGCCTATATGTGTCGACGAAAAAAGTA

AACATCTCGCATTGACGAAACGGATTCATAGCAGAATCGGGTGAGTATACGTTGTTTCTCGCTAGGAA

TCGGAGCCGTCTCCGAACCACGTCGACCGTTACAAGAAACAACGTCATGCATAAATTACAAAATGGG

CGTGCTGAAAGTTTATAAATGAAGAGTTACTCAGAAACTGGTTTAGTCTTCTGCGCTCTCCGCTGCTAA

AAGCATAAGATAGGGTTCCGTGGGTGGTAAAAGTTATATTTAAGCTTATTAACCCCGGGAACTAAA 

(Total=800) 

  Reverse NNNNGNTTCACCACGGNACCCTATCTTATGCTTTTAGCAGCGGAGAGCGCAGAAGACTAAACCAGTTT

CTGAGTAACTCTTCATTTATAAACTTTCAGCACGCCCATTTTGTAATTTATGCATGACGTTGTTTCTTGT

AACGGTCGACGTGGTTCGGAGACGGCTCCAATTCCTAGCGAGAAACAACGTATACTCACCCGATTCTG

CTATGAATCCGTTTCGTCAATGCGAGATGTTTACTTTTTTCGTCGACACATATAGGCCTGATGTGTCGA
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CGAAAAAAAATTATATATTTTGACACCTAGTCACAAAGAAGATGCAACCCCATGTTTGCTAAAGAAA

ATATACGAACTCTATCGATAATTACAATATAAATCACGAACATCTAACCACTTACCGTAAGTGGACCG

TGGGGATTGCATAGTTAAGGTCACCTCCGCCCACATATACCACCGCCTATAAAAAGGATGAAGATAG

GATGGGAAGCCTGTTACAGGTAGATGGGCGTCACCGAGACCTGTAAAAAATTACAAATAACAAACAA

ATTACACGGTGTGACTGACCGTAAAAGATGAATACCAAGGAAGAACGGCGCGGTATAGAGTACCGAA

GCAGTTTCAGACCTGCTCTTGTACGGAAAAAACTCCGCTCCGAGGAATTGCACCTATGAGGNGGAATT

CCCAAA(Total= 750) 

 Third Trial Forward NNNNNGGAATGGTCGCAAGTGATTTCACCGGACCGGGTGTGTATGTAAATACAGAAACAGTAAAATT

TGGCATGAAACATAGAGACGACAAAATGATTTTCGTTCTGCGAAGATGGGTCGTCGAGGCAGAGAAA

ACTTACCAATGCAGCTTTAGACCGTTTTCATGTACACAGACCGGACTAAGTCGCAAATTCCTGCTTTCT

CATAGCGCTCTCAACGTAGCGACCGCTAATATGGATGCTATACGCATGTACCCATACGGAGTTGCAAT

AGAAAACGCTAAAATCTGCTGCTCGTTAGTAGGTCCCATCGTACAGCAAATCTCATGGTACAGATCTG

GAAACTGTGGATCCCCCTCATTGATATATCAGTATAAAACTAATTCTAGTATAGATATTGGAAGCAAG

CCGACAACTTTGGACAACGTGAAGGCTTTTTATGTAAGTGGAATTCCAAAACCTAACGAAGGGTATGT

CATCTTGTGTTTACAATCATTTAAGTCAAATATGTCCCTTGTTCCGGATGTACCTGTACCCCCCGGTGA

ATATCAGTGCCAAGTAGATTATGATAGTCCAATTGAACAACAAACTTTTGAAAAATCTATAACCATTC

AGGATGATGTTGATGTAAAAGTAATACATGGTCAGAAAAGTTACGTTGTAATTTGCACTTTTCCGTAA

AAGAGCAGGGAN(Total=750) 
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  Reverse NNNNNNNACTTTTCTGACATGTATTACTTTTACATCAACATCATCCTGAATGGTTATAGATTTTTCAAA

AGTTTGTTGTTCAATTGGACTATCATAATCTACTTGGCACTGATATTCACCGGGGGGTACAGGTACATC

CGGAACAAGGGACATATTTGACTTAAATGATTGTAAACACAAGATGACATACCCTTCGTTAGGTTTTG

GAATTCCACTTACATAAAAAGCCTTCACGTTGTCCAAAGTTGTCGGCTTGCTTCCAATATCTATACTAG

AATTAGTTTTATACTGATATATCAATGAGGGGGATCCACAGTTTCCAGATCTGTACCATGAGATTTGCT

GTACGATGGGACCTACTAACGAGCAGCAGATTTTAGCGTTTTCTATTGCAACTCCGTATGGGTACATG

CGTATAGCATCCATATTAGCGGTCGCTACGTTGAGAGCGCTATGAGAAAGCAGGAATTTGCGACTTAG

TCCGGTCTGTGTACATGAAAACGGTCTAAAGCTGCATTGGTAAGTTTTCTCTGCCTCGACGACCCATCT

TCGCAGAACGAAAATCATTTTGTCGTCTCTATGTTTCATGCCAAATTTTACTGTTTCTGTATTTACATAC

ACACCCGGTCCGGTGAAATCACTTTTTGCGACCATCTGTCCATCGGCGGCAATATGAAAATCGCCCCC

GAAAN 

(Total=750) 

 

Primers for each gaps have been listed down in Table 3.1 
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APPENDIX D 

 

 

Complete genome sequence as appear online in GenBank database 

 

 

Rat cytomegalovirus ALL-03 isolate Malaysian, complete genome 

 

        GenBank: KP967684.1 

 

 

LOCUS       KP967684              197958 bp    DNA     linear   VRL 23-JUN-2015 

DEFINITION  Rat cytomegalovirus ALL-03 isolate Malaysian, complete genome. 

ACCESSION   KP967684 

VERSION     KP967684.1  GI:814970590 

KEYWORDS    . 

SOURCE      Rat cytomegalovirus ALL-03 

ORGANISM  Rat cytomegalovirus ALL-03 

            Viruses; dsDNA viruses, no RNA stage; Herpesvirales; Herpesviridae; 

Betaherpesvirinae; Muromegalovirus; unclassified Muromegalovirus. 

REFERENCE   1  (bases 1 to 197958) 

  AUTHORS   Balakrishnan,K.N., Abdullah,A.A., Camalxaman,S.N., Quah,Y.W., 

Abba,Y., Hani,H., Loh,H.S., Kamal,F.M., Zeenathul,N.A., Aini,I., 

Omar,A.R., Noordin,M.M. and MohdAzmi,M.L. 

  TITLE     Complete Genome Sequence of Rat Cytomegalovirus Strain ALL-03 

            (Malaysian Strain) 

  JOURNAL   Genome Announc 3 (3), e00451-15 (2015) 

   PUBMED   26044413 

  REMARK    Publication Status: Online-Only 

REFERENCE   2  (bases 1 to 197958) 

  AUTHORS   Balakrishnan,K.N. 

  TITLE     Direct Submission 

  JOURNAL   Submitted (15-MAR-2015) Veterinary Pathology and Microbiology, 

            Faculty of Veterinary Medicine, University Putra Malaysia, Serdang, 

            Selangor 00601, Malaysia 

COMMENT     ##Assembly-Data-START## 

            Assembly Method       :: CLC Genomic Workbench v. 4.7.2 

            Sequencing Technology :: Illumina 

            ##Assembly-Data-END##
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