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ABSTRAK

Melalui experiment ini, jujukan penuh primate endogenous retrovirus telah
dijumpai dari Pangkalan Data Projek Genom Manusia. Nombor akses jujukan
tersebut ialah gh|AC025420.26\, dan telah dipancing keluar oleh prob virus monyet
Mason-Pfizer. Bit skor untuk gb|AC025420.26| ialah 211 dan Nilai E ialah 1¢*.
Endogenous retrovirus tersebut terdiri daripada LTR-gag-pol-env-LTR, dengan
jumlah panjang 9289 pasangan bes. Panjang LTR ialah 801 bes, manakala panjang
jujukan bergabung gag-pol-env ialah 7687 bes. Major homologous region di dalam
bahagian gag mempunyai motif terpelihara pXQX>EXFpXRLX;p, di mana ¢ ialah
Jjujukan hidrofobik. Kotak Cysteine- Histidine yang juga dalam bahagian gag
mempunyai motif terpelihara CX;CXHXC, dan X ialah mana-mana asid amino.
Beberapa motif terpelihara terdapat di bahagian pol, seperti motif transkripsi
berbalik dengan jujukan W/CNTP, QDLR, KDAFF, LPQG, dan YXDD. Bahagian
env mempunyai banyak jujukan asid amino dengan motif NXS/T, yang merupakan
isyarat untuk glycosylation. Daripada pangkalan data Pfam, bahagian gag
mempunyai gen yang kod untuk protein gag pl0, gag p24, dan jejari zink. Skor bit
protein tersebut ialah 68.5, 339.9,dan 34.1. E value protein tersebut ialah 9.3e-20, ,
4.4e-99, dan S5e-07. Bahagian pol mempunyai gen yang kod untuk retroviral
aspartyl protease, protein G patch, RnaseH, pengikat zink integrase domain,
domain utama integrase, domain pengikat DNA integrase, dan transcriptase

~ berbalik. Skor bit protein tersebut ialah 24.6, 72.9, 52.5, 61.8, 153.4, 65.6, and



160.7.. E value mereka ialah 2.6e-06, 2.5¢-20, 2.2e-15, 2.4e-15, 6e-43, 1.6e-16, and
3.8e-45. Di bahagian env, terdapat gen untuk protein gp36 dengan skor bit 62.5
dan E value 1.4e-15. Bahagian LTR yang mengapit jujukan gag-pol-env
mempunyai kesamaan sebanyak 99% di antara mereka. Semua keputusan telah

disahkan dengan menggunakan beberapa program bioinfomatik, seperti BLAST,
ORF Finder, BCM Search Launcher, Pfam, dan BLAST2seq.
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ABSTRACT

Through this research, the full length of the primate endogenous retrovirus had been
found from the Human Genome Project Database, The accession number for this
sequence is gb|AC025420.26|, and is found using a Mason-Pfizer monkey Virus
probe. The bit score of gb|AC025420.26| is 211 and the E-value is 1e*. The full
length of the endogenous retrovirus comprises of LTR-gag-pol-env-LTR, with a
total length of 9289 bp. The length of the LTR is 801 bp, while the combined
sequence of gag-pol-env is 7687 bp long. The major homologous region in the gag
region contains the conserved motif of PXQX;EXFpXRLX;3¢p, where where ¢
stands for hydrophobic sequences. The Cysteine- Histidine box conserved motif is
also found in the gag region, with the sequence of CX,;CX;HX,C, where X could be
any amino acid. Several conserved motifs had been found in the pol region, such as
the reverse transcriptase conserved motif of W/CNTP, QDLR, KDAFF, LPQG, and
YXDD. The env region contained a high number of amino acid sequences with the
motif NXS/T, which is the signal for glycosylation. From the Pfam database, the
gag region contains genes that code for gag p10 protein, gag p24 protein, and zinc
knuckle. Their respective bit scores are 68.5, 339.9, and 34.1. Their respective E
values are 9.3e-20, 4.4e-99, and 5e-07. pol region contains genes coding for
retroviral aspartyl protease, G patch protein, RnaseH, integrase zinc binding domain,

integrase core domain, integrase DNA binding domain, and reverse transcriptase.



vii
Their respective bit scores are 24.6, 72.9, 52.5, 61.8, 153.4, 65.6, and 160.7. Their
respective E values are 2.6e-06, 2.5¢-20, 2.2e-15, 2.4e-15, 6e-43, 1.6¢-16, and 3.8e-
45. From Pfam results, there are genes that code for gp36 protein in the env region
with bit score of 62.5 and E value of 1.4e-15. The flanking LTR region has a high
similarity of 99% between them. All the results in this research had been confirmed

using a variety of bioinformatics tools such as BLAST, ORF Finder, BCM Search
Launcher, Pfam, and BLAST2seq.



vili

LIST OF CONTENTS

Page

DECLARATION

AUTHENTICATION ii
ACKNOWLEDGEMENT iii
ABSTRAK iv

ABSTRACT

LIST OF CONTENTS vi
LIST OF TABLES ix
LIST OF FIGURES

CHAPTER 1 INTRODUCTION

CHAPTER 2 LITERATURE REVIEW
2.1 Retrovirus
2.1.1 Retrovirus Classification
2.1.2 Retrovirus Life Cycle

2.1.3 Retrovirus Genomics 12



2.1.4 Endogenous Retrovirus

2.1.5 Human Endogenous Retrovirus
2.2 Human Genome

2.2.2 Human Genome Project
2.3 Bioinformatics

2.3.1 Database (GenBank)

2.3.2 BLAST Search Program

2.3.3 Scientific Analysis

2.3.4 Open Reading Frame (ORF)

2.3.5 Pfam Database

CHAPTER 3 METHODOLOGY
3.1 Obtaining the Primate Endogenous Retrovirus Probe
3.2 BLAST Search
3.2.1 Searching For the Homologous Sequence
3.2.2 Interpreting the Search Results
3.3 Translation of Nucleotide Sequences into Protein
3.3.1 Open Reading Frame (ORF) Finder
3.3.2 BCM Search Launcher Program

3.4 Analysis of Sequences

3.4.1 Pfam Analysis

3.4.2 Analysis of LTR sequences through BLAST2seq program

ix

16
16
20
20
22
22
23
25
27

29

31
31
32
32
34
39
39
40
42
42

45



CHAPTER 4 RESULTS
4.1 The Mazon-Pfizer Monkey Virus Probe

4.2 Results Of The BLAST Search

4.3 Translation of Nucleotide Sequences to Protein Sequences (ORF Finder)
4.4 Sequencing and Locating Conserved Domain from BCM Search Launcher

4.5 Sequence Confirmation and Locating Conserved Sequence Using Pfam

4.5.1 Gag region
4.5.2 Pol region
4.5.3 Env region
4.6 BLAST2seq for Long Terminal Repeats
CHAPTER § DISCUSSION
5.1 Using Mason-Pfizer Monkey Virus Probe In The BLAST Search
5.2 BLAST Search For Homologous Sequence
5.3 Translation Of The Nucleotide Sequence
5.3.1 ORF (Open Reading Frame) Finder
5.3.2 BCM Search Launcher
5.4 Gene Characterization Using Pfam Analysis
5.4.1 Gag Region
5.4.2 Pol Region
5.4.3 Env Region

5.5 Analysis Of Long Terminal Repeats

CHAPTER 6 CONCLUSION

48
48

49

70
71
73
75
77
77
78
80
80
82
83

83

84

86

86

88



REFERENCES

APPENDIX

A List of amino acid codes

xi

90

96

96



LIST OF TABLES

Table

Page

Xii

2.1 The seven genera of Retroviridae and examples of their species
2.2 Five main groups in Lentivirus

2.3 Classes of HERVs

2.4 Different types of programs in BLAST

4.0 Graphical Representation of BLAST search results
4.1 List of results from the BLAST search

4.2 Alignment of probe with the matching sequence

4.3 Types of proteins in gag region from Pfam searches
4.4 Types of proteins in pol region from Pfam searches
4.5 Types of proteins in pol region from Pfam searches
4.6 Reverse transcriptase protein from Pfam searches

4.7 Envelope protein from Pfam searches

18

24

49

50

54

70

72

72

73

74



LIST OF FIGURES

xiii

Figure Page
2.1 Life cycle of retrovirus 9
2.2 Structure of a retrovirus 12
2.3 A detailed representation of the retrovirus genome 13
2.4 An example of the result of an ORF Finder 28
3.0 FASTA format 33
3.1 The upper portion of the BLAST search result 35
3.2 Middle portion of a typical BLAST search 36
3.3 An example of a list of similar sequences from BLAST search 37
3.4 Sequences in pairwise alignment with the query sequence 38
3.5 The ORF Finder at the NCBI website 40
3.6 The BCM Search Launcher 41
3.7 An example of an amino acid sequence in the Pfam search box 43
3.8 Pfam search results 44
3.9 Alignments of Pfam-A domains to Hidden Markov Models 45
3.10 The BLAST2seq 47
4.0 The Open Reading Frame 55
4.1 Complete genomic organization of primate endogenous retrovirus 69
4.2 Protein in the gag region 70
4.3 Protein in the pol region 71

4.4 Protein in the pol region

72



4.5 Reverse transcriptase protein

4.6 The gp36 protein

73

73

Xiv



CHAPTER 1

INTRODUCTION

The Human Genome Project is a massive government subsidized-effort to map out the
entire sequence of the human genome, which comprises of approximately 3.2 billion base
pairs. This global effort was started in 1990 with a projected 15 year time scale and a $3

billion budget for completing the project, and the whole sequence of the human genome

has since been mapped.

In the human genome, there is around 1% which comprises of the human
endogenous retrovirus, which defective due to numerous deletions and mutations in the
transcription process. This projecf deals with primate endogenous retroviruses found in
the human genome. The primate endogenous retrovirus is most likely transmitted around

30 million years ago from prehistoric primates to humans when they have not diverged

from the rhesus monkey linage.



Based on phylogenetic evidence, the analysis of the human genome has identified
at least 30 HERV families. Identification of the endogenous retrovirus can be done by
searching the particular genome for the pol, gag and env gene region of the retrovirus.
Inside these genes are conserved motifs which are used to identify the location of the
virus genome. One conserved motif is found in the pol gene, which codes for the enzyme
reverse transcriptase. The motif is found in reverse transcriptase’s gene, with the amino

acid sequence CNTP, QDLR, KDAFF, FDF, LPQD, and YVDD.

Using this information, we can use bioinformatics to find out the similar sequence
in the human genome in order to locate the endogenous retrovirus. There are several
programs that we can use, such as the BLAST search, which searches for homologous
sequences in an online database, the ORF finder, which gives the probable open reading
frame, and the Pfam program, which is used to determine the protein coded by the amino
acids. After using these programs for analysis of the human genome, we would expect to

characterize the primate endogenous retrovirus, knowing the full sequence, the location in

the chromosomes, and the protein it codes for.

The 2 main objectives of this project are to:

1) Identify the sequence of primate endogenous retrovirus in the human genome using

BLAST search program

2) To obtain a full length sequence primate endogenous retrovirus in human genome



CHAPTER 2

LITERATURE REVIEW

2.1 Retrovirus

2.1.1 Retrovirus Classification

Retroviruses belong to the virus family of Retroviridae, which consists of RNA-
containing viruses. These enveloped, single stranded RNA viruses use reverse
transcriptase to complete their replication cycle, by reverse transcription of their viral
genome into the host’s DNA (Levy et al., 1994). The name retrovirus came for the Latin
word for ‘backward’, retro, due to the fact that the viruses in this family contain the
reverse transcriptase enzyme. One characteristic that sets it apart from other RNA viruses

is that their RNA genome, once transcribed to DNA, can be incorporated into the host’s

cell genome (Levy et al., 1994),



Previously, three subfamilies were identified based on their morphological,
biological and molecular features, but recent research had prompted the International
Committee for Taxonomy of Viruses (ICTV) to subgroup the retroviruses into seven

genera. Below is a table of the seven genera, and an example of the retrovirus in each

genera.

Table 2.1 The seven genera of Retroviridae and examples of their species

Genus Species Host
alpharetrovirus Avian leucosis virus Chickens
betaretrovirus Mouse mammary tumor virus Mouse
gammaretrovirus Murine leukemia virus, feline Vertebrates, Cats
leukemia virus
deltaretrovirus Bovine leukemia virus, Human T- | Cattle, Humans
lymphotropic virus
Epsilonretrovirus Walleye dermal sarcoma virus Fishes
Lentivirus Human immunodeficiency virus 1, Humans,
Simian immunodeficiency virus Primates
spumavirus Chimpanzee foamy virus Chimpanzees

(source: http://en.wikipedia.org/wiki/Retroviridae)



Alpharetroviruses

This genera of virus is usually found in avian species, and consists of three
different groups according to their characteristics (Van Regenmortel et al., 2000). The
first group the Avian Leukosis-Sarcoma virus (ALSV), and is usually found in chickens.
The second group is the Rous Sarcoma virus, and the third group consists of virus which
is oncogenic and non-active. The virion consists of an envelope, a nucleocapsid, and a
nucleoid. The virions measured 80 to 100nm in diameter, and the surface projections
consists of small, densely dispersed spikes which covers the surface evenly. Of the
numerous species in this genus, only one species has been successfully recovered in

preparations (http://www.ncbi.nlm.nih.gov/ICTVdb/ICTVdB/).
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This genus of virus is mostly found in mice and primates, for example the modge
mammary tumor virus and Mason Pfizer monkey virus
(http://www.wrongdiagnosis.com/medical/mason_pfizer_monkey_virus.htm). The

monkey virus is a species of betaretrovirus which is found in the mammary carcinoma in
rthesus monkeys, and several serologically distinct strains exist. It seems to have evolved
from a recombination between a murine B oncovirus and a primate C oncovirus which is
related to the baboon endogenous retrovirus. The Mason Pfizer monkey virus induces
simian AIDS, and is one of the probes used in this project. The mouse mammary tumor

virus (MMTV) is a milk transmitted retrovirus, and causes the majority of mammary



tumors in  mice  (http://en.wikipedia.org/wiki/Mouse_mammary_tumour_virus).
Endogenous MMTYV is expressed in several organs in addition to the lactating mammary
gland in the mouse, and due to its slow process, it is known as a slow-transforming virus

(http://www.steadyhealth.com/encyclopedia/ MMTYV).

Gammaretrovirus

The gammaretrovirus is usually found in mammals, including humans, but can
also be found in avian and reptilian hosts. Some examples are the murine leukemia virus,
feline leukemia virus, feline sarcoma virus, and avian reticuloendotheliosis virus. Some
are endogenous retroviruses, and are thus present in the DNA of its hosts. The virus is
split into two groups, one is a transforming virus, which is oncogenic, will cause diseases
spontancously or in a matter of days. The other group of virus does not undergo the

replication process, is not oncogenic, and does not cause diseases during host infection

(Kozak and Ruscetti, 1992).

Deltaretrovirus

This genus consists of exogenous horizontally transmitted viruses found in
mammals (humans and primates), and is associated with B or T cells leukemia/lymphoma
with a very long latency (http://www.wrongdiagnosis.com/medical/deltaretrovirus.htm).
Some virus species found in it are bovine leukemia virus, human T-lymphotropic

retrovirus (1, I1, 111, IV), and the simian T cell lymphotropic virus. The human and simian



T-lymphotropic viruses are used as probes in this project. The human T-lymphotropic
virus (HTLV) is a single-stranded RNA retrovirus which causes T-cell leukemia and T-
cell lymphoma in adults. There are four types of HTLV, and HTLV III and IV wére
discovered in 2006 in rural Cameroon, and were apparently transmitted from monkeys to
hunters of the monkeys through their bites and scratches (Mahieux R, Gessain A 2005).
HTLV 1II is similar to Simian T-lymphotropic virus III, which is also being used as a
probe, but HTLV IV does not bears much similarity with any known virus, and not much

is known on how much further transmission had happened among humans, or whether the

virus can actually cause diseases.

Epsilonretrovirus

The viruses in this genus are viruses that have complex genome structure, due to
the fact that there are additional genes in its viral genome and new tRNA primers. For
example, Walleye dermal sarcoma virus (WDSV) has three extra genes: orf-a, orf-b, and

orf-c. These genes are an addition to the existing viral genes, gag, pol and env genes.

Spumavirus

The spumavirus, from the Greek word spuma, meaning to foam, got its name from
the vacuolar and soapsuds-like features found in cells infected with this genus of virus

(http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=rv.section.7999). Even though

spumavirus have been associated with cytopathic effects in cell culture, this genus is not



linked to any diseases (Levy et.al., 1994). The spumavirus are exogenous and has
préminent spikes on its surface. The virion -contains significant amounts of double
stranded full-length DNA, which is quite unusual in these viruses. Examples of this virus
are the chimpanzee foamy virus, simian foamy virus and the human foamy virus. The
spreading of this virus in the host is widespread throughout the body, for example simian

spumavirus has been found in various tissue cultures of the brain, umbilical cord, kidneys

and lungs (Hooks and Gibbs, 1975).

Lentivirus

The lentivirus, which got its name from the Latin word lenti, meaning slow, is a
genus of slow viruses which has a long incubation period. It can deliver an impressive
amount of genetic information into the DNA of the host cell, which makes it an excellent
gene delivery vector. The HIV virus is an example of lentivirus. The lentivirus can be
divided into five groups, one for each type of host it infects (primates, sheep and goats,

horses, cats, and cattle). On the next page is a table containing the type of hosts and an

example of the lentivirus.
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