CHAPTER I

LITERATURE REVIEW
Hepatitis C Virus (HCV)

HCV is a positive-sense single qt!? A virus that belongs to the family of
Flaviviridae; the most closely related.\mahf'\‘/i‘ patitis G virus, yellow fever and
—— _#’
dengue virus. The virion has a 40-60 nm. diameter woﬂn-epnhdlke projections and has a lipid

"H..
coat. The buoyant density has be and 1.11 in sucrose gradient (13,14
ya ty % \; gnw\ 9 (13.14).
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Figure 1.The virion of hepatitis C virus. A protein capsule has peptide nodules that
lock into, and allow infection of host cell. The changing of the envelope proteins may help it
evade the immune system. Inside the protein capsule is a capsid containing genetic chain

that alter the replication cycle of hepatocytes during the natural history of the disease (15).



HCV genome consists of a single open reading frame (ORF) or coding region and
two untranslated regions (UTR) or non coding regions (NCR). The large ORF encodes a
polyprotein precursor from which individual viral proteins are processed co— and post-
translationally through the combined action of host and virus-specific protease (1 ,16). Most
of the information available on the viral proteins of HCV and putative function has been
derived from analyses of cDNA expression system.
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The HCV RNA is approximately 9,400 nbonuc,efouﬂes containing a poly A at the 3’

end. The ORF length of each g@e is cha ctenstxca"y?}?fferent. The ORF in genotype 1

is approximately 9,400 ribonuM
nucleotids in genotype 3 (17),

herea 9,099 nucleotides in genotype 2 and 9,063

rences may account for some of the phenotypic
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polyprotein at least in part though the actng’n of h6§} signal peptidase cleaving after internal
signal sequences within the poly, roteer Fhe achorr*neéﬂlts in the production of a basic, the

nucleocapsid protein (C) wnth size agproxnmately' ﬁz_ga at the extreme N-terminus of the
polyprotein and is followed 5)4 two glycosylated proteins ge&&. jarotems E). Two regions
of the envelope E2 protem desngnated hypervariable regions 1 and 2 (HVR-1 and HVR-2),
have a high rate of mutatlon““ﬁeheved to be the result of selectn?é pressure by virus-specific
antibodies. HVR-1 is-a' 27 amino acid,segment:in.the amino terminus of the second envelop
protein which has been identified as the ‘most variable region of the genome (18). E2 also
contains the hinding site.for CD81, a_tetraspanin. expressed.on various cell types including
hepatocytes and B lymphocytes 'that is thought'to funclion as.a celluiar receptor or co-
receptor for the virus (19). The human CD81 is sufficient for binding not only E2 but also
HCV particles. HCV can bind to a variety of cells other than hepatocytes because HCV RNA

has been found in T lymphocytes, B lymphocytes, and monocytes. Whether virus binding to



CD81 is followed by entry and infection in all cell types is not clear, because it is possible

those additional factors are required for HCV fusion or infectivity.

The regulatory proteins or non-structural proteins of HCV appear to be processed
from C-terminal region of the polyprotein in large part though the combined action of two
encoded proteases. The regulatory proteins contain the NS2 (~23 kD), NS3 (70-72 kD),
NS4A (4-10 kD), NS4B (27kD), NS5A (56-58 kD) and NS5B (68-70 kD) protein. The NS2,
NS3, NS4A proteins have function as proteases \Liﬁ}h re involved in the processing of the
non-structural region, NS3 protein functions as a N 4}_@ helicase enzyme activity and
NS5B protein functions as RNA-@_é_ﬁdent RNA polymerase (20, 21). Nonstructural protein
5A (NS5A) is the amino terminM y

linked to the response to OL-in

onstriictural protein 5. A region in NS5A have been

N-O) therapy and called the interferon-sensitivity-

determining region (ISDR). The sélali ﬁkéerf—tﬁe type of NS5A sequence and the HCV

RNA level suggested that NS5A i pon’tan_%robp in HCV replication. Thus, mutations in
AR

NS5A may suppress the repli€ation o quy‘hnd'f?crease susceptibility to interferon. NS5A
¢ ! i - ','.r:" ":

may be a direct target of antiviral pr tein§jp‘duce‘"e_j ﬁx interferon (22). However, the function

and properties of the other profeing ‘in-ihis coding ‘region such as p7 are less well

characterized. b o =
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The two untranslatéd-i:?gions (UTR) or non coding regions (NCR) are consist of 5’
and 3’ NCR. The 5’ NCR of Hbv RNA is the most highly conse‘rl'V'ed portion of the genome.
The sequence variation of 5:NCR, is;approximately 410%while as, much as 50% or more
within E1 region (23, 24). This percentage suggested that 5*NCR ‘may play a very important
regulatory role during, viral replication, perhaps_at the fevel of translation’ since a small,
hairpin, secondary ‘structure could form-at'this region. The'5''"NCR-of HCV ranges in length
from 332 to 343 nt and contains up to five AUG codons, depending on the HCV genotype or
subtype (25). The translation of HCV ORF is initiated by a cap-independent internal

ribosomal entry mechanism mediated by an intemnal ribosomal entry site (IRES) situated



within the 5° NCR (26). A small, presumed 3’ NCR has been identified downstream from the

large ORF that contains between 27 and 55 nucleotides depending on the source of virus.
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Figure 2. The geneti€ brganization of the HCV genome. The boxed area corresponds to the
L

¢ o
single opemanﬁT w? mr;ltﬁ 5‘111'? gﬁ"ﬂ R) including
the internal n'tpsome er:@ site (IRES) and p yah important role during viral replication.
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The natural targets of HCV are hepatocytes and B lymphocytes (27). Like other RNA
viruses, viral replication occurs through an RNA-dependent RNA polymerase that lack a
proofreading function which results in the rapid evolution of diverse but related quasispecies
within an infected person. HCV exhibits high mutation rate at an average of 1.44-1.92 x 10°
base substitutions per site per year (28). This sequence variation is not evenly distributed
over the genome but differs between regions. The 5 NCR is the most highly conserved
region of the HCV genome, which is the usual locus of oligonucleotide primers used for
detection of HCV RNA by PCR method. The ,ip?jtlve core and NS3 region are also

conserved and antigens from this region are used it gh-HCV detection assay (29).
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HCV Genotype

- |

HCV is classified on th -the similarity of nucleotide sequences into major

genetic groups designated‘gen S -Coﬁpa son of the publish sequences HCV has led
to the identification of severalgenotypes that may dlffer from each other by as much as 33%

..-'_.'ld

over the whole viral genome (30). | CV genotypej, are numbered in the order of discovery.
Y I

The more closely related HCV np;ﬁg_-jwithm _gm genotypes is designated subtypes,
which are assigned in the order of c_j_rias_c;g?gry suc,h?'a;gjlgl 1b, 2a, 2b. The complex of genetic

variants found within an E@vidual isolate are termed the qua_sisﬁgcies. which particularly in

the variable regions of th'ejé_qnome. The genomic sequences g:cﬁﬁerent HCV isolates vary
by as much as 35% (7). Thez'degrees of difference in nucleotide sequences among isolates
vary from one genomic region to‘another, At least'6‘genotypes and more than 100 subtypes
have been identified' werldwide Somel.genotypes ‘are lendemic! worldwide, while others
maybe restricted to distinct geographical fegion (6). Although the HCV geénotype 1, 2, and 3
appear to have a worldwide distribution, the geographicdistribution 0f HCV genotypes has
been report as prevalence varies from one geographic area to another. Approximately 70%
of HCV infected patients in the United States are infected with genotype 1a and 1b, whereas
genotype 4 is found commonly in the Middle East (31). Genotype 5 is found commonly in

South Africa, and genotype 6 is found in Hong Kong, Vietnam and Thailand (32). Genotype 3
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is most prevalent in India, Bangladesh, and other parts of Asia (33). The geographic
distribution of HCV genotypes from blood donors from four major regions of Thailand was
studied. HCV genotype 3a was the most prevalent genotype, followed by genotype 1b and
genotype 6 group variants (9,34).

Table1. Terminology commonly used in studies related to HCV genomic heterogeneity (35).

Terminology Deﬁvw:[/// | % Nucleotide
-‘.:_"j_ S __/_.i similarity
Genotype among di 65.7-68.9
Subtype 76.9-80.1
Quasispecies| Complex of ﬂ snts within individual isolates 90.8-99
. | A A . .
Compared with other vz of HCV,» ype 1'is associated with a poor

treatment response and outcome . Genotyps 1 1
disease and a high incidence of | er&éﬁ&?‘(%@sponse rates to therapy are lower in

patients with genotype 1, as compafé&:ﬁ-ibé}ié%eted”with other genotype (11). The
efﬁcacy Of treatment regl G @lijicidmélimidicmer "IL‘II-!IHIIIIIV:II‘ ‘j

=1

Pathogenesis

onor B U ANENIHENNT, e e

as neutralizing antibodies. Multiple rotefn antigens enoded by the virdl RNA seem to
produce sea);grfelpaﬁ ﬂim uc I Dp%fmﬂg@om humoral or
cellular, that aqssociated with protection and clearance of HCV after an acute exposure, the
response appears to be type specific. The antibodies are likely directed against epitopes of
hypervariable region 1 located in the E2 region and that persistent infection depends on the

ability of the virus to continually evade the effects of neutralizing antibody. Due to its
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variability, HVR1 has been used extensively as an indicator of viral evolution. The

quasispecies of HCV showed the selection of strains to avoid immune pressure (38).

The important components of protective immunity, cytotoxic T lymphocytes (CTLs),
against many viral infections. Cytotoxic T lymphocytes (CTLs) are thought to be one of the
major hot defense arms against viral infection (39) and are also implicated in the
immunopathogenesis of viral infection. The hepatitis C virus specific CTLs have been
demonstrated in both the peripheral blood arf\d’ /a)ong liver infiltrating lymphocytes of
patients with chronic hepatitis C (40). Viral clearéncéfje"g_ssociated with the development
and persistence of strong virus Specific respo?fses by cytotoxic T lymphocytes and helper T
lymphocytes (41). The HCV’Ee—;ﬁ

induced immunity. The single

neity’ may. also be importance in escaping CTL-

i amd c nges in CTL epitopes result in failure of

recognition by HCV specific CT 'ese smgle amine acids changes are found in HCV

isolates, hence the need to ad efprobIeSn of type specificity of immune response.

However, the immune responses umtlﬁl strétn dld not protect against an infection with
another strain of HCV (43,44). The V miéets anq;‘[epllcates in hepatocytes and peripheral
blood lymphocytes. The circulating H,EV specnﬁeff}'ifg also would expose to hepatocytes
that express HCV antigen. CTL respgnse to HCM" may.not be strong enough to prevent

progression of disease m.Hi)V infection. Sustained insufficient C‘} L' responses to HCV may

incompletely suppress the ’({utgrth of HCV and cause chronic Tiver injury by persistently
damaging HCV infected hep‘a’iocytes (45). However, a strong CTL response may eventually
eliminate HCV from infected individuals,and lead.to healing jof-liver, injury. The development
of vaccine for HCV 'has beerhampered, at least partly, Dy the great heterogeneity of the

HCV genome.
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Epidemiology

The prevalence rate among blood donor in Northern Europe is 0.2% to 0.5% and
0.5% to 1.5% in Southern Europe, the United States, and Japan (46, 47). In Southeast Asia,
the seropositive rate survey from Indonesia, Malaysia, Vietnam, and the Philippines are
between 1.5% to 3.0% (47). The prevalence of antibodies to HCV in Thai population was
1.5% to 5%(48,49). HCV is transmitted mainly by intimate contact with virus contaminated
blood. Most hemophilic patients received kl&r&, rs before advent of viral inactivation
procedures became infected w.tu.,@v (50)." f
donors to the organ recnpnentf-ls:'m’ﬂgd Hﬁh nsk'fUHF!HSmlttmg infection before donor
ear. has ded%from an average of 240,000

atnon of organs from infectious

screening (51). Number of new |

in the 1980s to about 25,000 i

tin cﬁ?ns are due to illegal injection drug use.
Tattooing and acupuncture ha ' tr
accidents in health care
HCV transmission, but the
occurred prior to blood donor
unit of blood. Sexual transmission'is pwssw)le bu&ﬁ 3,54). Transmission of HCV infection

from mother to infant is uncommon and. qppear@_more likely if mother is positive for

both anti-HCV and HCV N than if she is posmze_iQLam The risk of transmission

Q-Jr he incubation period of
transfusion associated NANBJ-I is 2 to 26 weeks with a mean of uﬂeeks (56).

ove B UL NEN THEADT e s e

especially HIV-1 and other hepatitis viruses. HIV-1 ﬁom%atlents were' coinfected with

1 in i 5o o e Wbt ik s 63,

may be much greater if thé > mother is co-infection
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Signs and symptoms of Hepatitis C Virus (HCV) infection

HCV infection occurs among persons of all ages, but the highest incidence rate of
acute hepatitis C is found among persons aged 20 to 39 years, and males predominate.
Clinical manifestations can occur within 7 to 8 weeks after exposure to HCV. Hepatitis C is
usually clinically mild, with only minimal to moderate elevation of liver enzymes. Persons with
acute infection might have jaundice and 10%-20% might have non-specific symptoms such
as anorexia, malaise, or abdominal pain (68). H!)yl er, most patients are asymptomatic but

Kré ive hepatitis, especially in those
whose disease is acquired fo"bWtﬂg transfﬂﬁlon The‘vanous ALT patterns have been

observed in patients during fM

activity even though they have histolegie confi

histologic evaluation often reveals evidence of ¢

d-thei&mght have prolonged periods of normal ALT
ed chronic hepatltls. These persons include
anti-HCV positive with persiste 'UAI;T"IeveIs, detectable HCV RNA, and a liver
biopsy that indicates either po ﬁdging_s‘ﬁbmsis or at least moderate degrees of

cases HG'_V causes persistent infection. Persistence

b s .uu}i #

‘

maybe facilitated by the relativel poon immunbﬁemcny of the virus and the low level

viraemia. Change in viral antig duje-}o mutaiéﬁs‘a in 'HVR-1 may also contribute to
persistence. However, genetuc drift in HCV mayiha independent of the host's immune

pressure. An estimated 74 fp 86% of persons will have pers:s!eﬁt t viremia (59). This range

may prove to be low as n{Q(e sensitive tests become available to detect viremia. Most
studies have reported that cin‘hosis develops in 10% - 20% of persons with chronic hepatitis
C over a period of 2030, years, (60). When cirrhosis is established, the. rate of development
of HCC might be as high'as 1% - 4% per year(61):However, drinking alcohol can make liver

disease worse.
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Figure 3. Global Chronic E ectﬂan estimated 170 million

persons worldwide. Most of infqetions were in the ta‘y world or developing countries (61).

ﬂ‘L!ﬂ’J‘VIEW]ﬁWH’]ﬂ‘i
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Diagnosis

The identification and mapping of the HCV genome was the first step in the
development of reliable and accurate diagnostic assays for HCV infection. Diagnostic tests
for HCV infection are divided into serologic assays for antibodies and molecular tests for
viral particles. To detection of HCV antibodies, immuno assays were used. HCV antigens
are coated on the wells of microtiter plates and used to capture and measure the circulating
HCV antibodies (62). Some infected patients S‘]wd HCV antibodies within 15 weeks of
exposure. However, there is a .window perio Z,dg/gpg which an individual might be

<

infectious but seronegative. , —
.-_,.a-i-"' 4

The detection of HCV S the diagnosis of HCV infection in many methods.

Direct detection of HCV is essential f jccfrréct diagnosis of HCV infected patients. A
reliable and reproducible exiragtion and ;mpl‘igcaitjon method may have high diagnostic

v
nough viral RNA to permit detection, the application of

d. ol Rk r_g'_.l'r.:“i d:

nsc_:.iip,ed CﬁﬁrA permits a very sensitive assay for viral

]
-

value. Although there usuall
PCR techniques to amplify rev.
RNA circulating in the bloodstrea atﬁ-‘gnfihe tis.-“s@_ﬁnps'y specimens. HCV RNA can be

detected in serum or plasma within__};._’z_,,ﬁ?eeks a_fg—l_;;e'gc;pgsure to the virus before elevations

of circulating ALT and viraf}ntibodies levels and can be pW@agnose HCV infection in

—

chronic NANB hepatitis plét(g'nts who may be seronegative. PCEfnflakes it possible to detect
virus replication in immunoco’lmpromised patients during the wlindow period (63). Most RT-
PCR assays have a.lower, limit 0f detectionof, 100-1000.viral.genome copies per mL. To
minimize false-negatiye results, serum'must be separated-from cellular components within
2-4 hours after collection, and preferably Stored frozen @#—20°C or —70°G(64). To perform
the PCR assay, 'it'is cleér that' primierspecific for' 5° NCR region has 5een used in most
laboratories to develop sensitive RT-PCR based detection assays for HCV RNA since this

region show highly conserved among all HCV isolates in many studies (65).
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Quantitative assays for measuring the concentration of HCV RNA have been
developed, including a quantitative RT-PCR and a branched DNA signal amplification
assay. These assays should not be used as a primary test to confirm or exclude the
diagnosis of HCV infection or to monitor the endpoint of treatment. Testing for the level of
HCV RNA might help predict likelihood of response to antiviral therapy, although
measurement of HCV RNA levels has not proven useful in managing patients with hepatitis

C (41).

Testing
C ek T infecti recommended
Recipients of clotting factors ma ﬂ o ' figh Yes
Injecting drug users l ' i Yes
Recipients of blood and/or solid organ before 1992 Yes
People with undiagnosed liver pro leﬂg‘i‘éf 4o R W iate Yes
Infants bom to infected mothers =~ ‘:}’ri, 2 # ermediate After 12-18
months old
Hemodialysis patients Yes
-
Healthcare/public safety workers Low Only after
L Q/
AUBINENINEINTG =
'l WL L (14
LT . exposure
: ¢ = o
)

Treatment of HCV
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Treatment of HCV is apparently influenced by the specific genotype involved, the
level of viraemia, interferon dose, duration of treatment and liver histology. Knowledge of the
HCV genotype is important because it has predictive value in terms of the response to
antiviral therapy. All seem to play a role in predicting response. The individual who infected
with genotype 1a or 1b is less likely to have a favorable response to interferon treatment
than those who infected with genotype 2 or 3. Because HCV genotype 1b is resistant to
interferon, the rate of complete response is only w/yo% which is much lower than those
of the other genotypes, such as genetype 2 or 3, wmﬁ;:r rates of complete response of 60

o
to 90%. Interferon and nbavml_elr’e two drugs licensed for the treatment of patients with

chronic hepatitis C who are aJt_psKr’ :

or combination with ribaviri

rogres ion to cirrhosis Interferon can be taken alone

herapy for HCV infection with Ol-interferon was

0 4
associated with initial rates of resp s highras 40%. (66).

The treatment consis t, aumillig;\:;‘ Units ~ of COl-interferon administered

subcutaneously three times a we The attachmim of polyethylene glycol to Ol-interferon

7t r
(OL- peginterferon) extends the half- lTe-and duratlun-e‘f therapeutic activity of Ol-interferon.
WAl s
In contrast to a-mterferon, (07 pegmterf’éron is élven only onj‘,e a week. However, the

combination therapy wnth interfe

. _%palogue is approved for
the naive treatment of patlents with chronic hepatitis C. The virologic response to
combination therapy should be assessed at week 24, since ehmmatlon of the virus can
occur. The individuabwho infected with genotype 2 or 3 whao have a négative PCR assay for
HCV RNA can also 'stop therapy at this, time. An additional 24 weeks of treatment is
suggested ‘for ‘patients’with- other-génotypes and‘a negative PCR &assay. Combination
therapy, using pegalated interferon and ribavirin, can get rid of the virus in up to 40% of
those genotype 1 and up to 80% for those with genotype 2 or 3. However, after therapy
stopped, some of responder relapsed with a return of serum ALT levels to the pretreatment

range or higher (18,66).
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Patients treated with interferon may experience some trouble side effect. Early
common side effect is a flu-like which usually disappears within 3 weeks. Other side effects
include fatigue myalgias, leucopenia and thrombocytopenia, psychiatric syndromes often
with depression and autoimmune phenomena resulting in arthritis, thyroidtis, or hemolytic

anemia may develop (67,68).

HCV Genotyping assay

genotypes of HCV are associa the de‘elopment of hepatocellular carcinoma and
seem to play a role in predicti se toﬂ?interferon therapy. Many methods have
been used to differentiate VJg otype Etbe clinical laboratory setting based on
such as probe hybridizati € specrﬁc iéﬂmers or Restriction Fragment Length

Cdai F ik .}i -

Polymorphism (RFLP). However; th eference me(gpd for HCV genotyping is sequencing of
a specific PCR-amplified portion the,HCV genome‘am followed by phylogenetic analysis
(69). Many regions of HCV genome were. used to d§femune the HCV genotype such as core

region, envelope region, | §5B and 5’ non codmg region. in_‘é% Sukiyama, K., et al.

determined the HCV geno!yée by RT-PCR for portion of the HCV?rJnon coding region, HCV
core region and NS5 region«that can be used commonly for HEV genotyping. Some of the
HCV RNA failed to detect by RT-nested PCR for a portion in the NS5. These failures may be
due to a variation ‘of NS5 i(70).CAdditionally,  Seme, 'K.;~et al. proposed that the two
genotyping methods, genotyping specific“primers and fested polymerase chain reaction
(nested-PCRY),. based lon 'the. analysis of 5'NCR were found more sensitive than those
methods based on the core regions. The specificity of genotyping methods was due to a
lack or excess of sequence variation in the target region (71). Because there is a high

degree of sequence conservation found within the 5° NCR of the genome that making this
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region a target of choice for most nucleic acid amplification based detection assay and was

developed for identifying HCV genotypes and subtypes.

On the basis of reverse hybridization, line probe assay (LiPA) was developed.
Stuyver, L., et al. proposed that 5’ non coding region show 7 variable areas of nucleotide
base between each genotype. There are R1 = nucleotides -240 to -233, R2 = nucleotides -
167 to -155, R3 = nucleotides -147 to -142, R4 = nucleotides -138 to -132, R5 = nucleotides
-128 to -118, R6 = nucleotides -100 to -92 and R‘;)’yf leotides -81 to -70. These 7 variable
5’ non coding region areas were applied o a LIF’/ M blotmylated PCR fragments are
hybridized to a selection of hig-ﬁl?jbeciﬁc im""'»' obilized proSe;s that fixed on the strip and

then the biotin group in thw Zati

ation complex is revealed by incubation with a
streptavidin-alkaline phospha

the appropriate chromogen compounds.
The results indicted that the Li able 5s§ay applicable to routine genotyping and

—

subtyping of HCV specimen (7 ver, "the“Snte‘rpretaﬁon of the HCV genotype should
o L

. SO .
be used the present of differént paitem lines ozﬂ-stnp, some lines not clear. Then, some
", ! L

o

patterns could not be interpreted.

The alignment technique is used to: demons-ﬂ@lahomology between new sequences
and existing families of seéuences Related groups of OQQs‘Gvare grouped and then
determine their genotype. F‘l‘;ylogenetlc analysis was used to dassnfy into genotypes and

subtypes after computer ass1§ted analysis of the sequence data‘(7 3).

Phylogenetic Systematics

Phylogenetic Systematics is the field of "biology 'dealing with" identifying and
understanding the evolutionary relationships among the many different kinds of organism. A
special type of graph that called phylogenetic trees presents the relationship pattern among
organism. The aim of phylogenetic classification is to group organisms according to their

ancestral lineage that can be studied in two methods, phenetic and cladistic. Phenetic



21

method, each organism is compared with every other for all characters measured and the
number of similarities or differences is calculated. Then, the organisms are grouped in a
way that the most similar are grouped close together and the more different ones are linked
more distantly. However, the interest in and use of phenetics method has been declining in
recent years because of the convergent evolution. The results of this method do not
necessarily reflect genetic similarity or evolution reletedness. The lack of evolutionary
significance in this method has had little impact on organism classification. In cladistics
method, groupings do not depend on whether éné}m ms share physical traits but on their
evolution relationships. Related groups of organiém-@uped because they share a set

of unique features which werejf}_gresent in‘Jdistant ancestors. All organisms in a group

must share a common ancestor..ihe amount of nucleotide sequence difference between a

pair of genomes from differeat organisms should indicate how two genomes shared a
common ancestor. Two genomes that d;vérg‘fe(‘i in the recent past should have fewer

— ol

differences than two genomes mon @oestor is more ancient. Then, this method
o i

attempts to determine the _paﬂ‘erns‘f f change occurring in DNA or protein

.f..':c

+

sequence.

A phylogenetic tree is compps_;j, of no@;;‘!and branches. Node represents an
individual unit or differen;,l.-organisms. This_can be either—aé existing species or and
ancestor. The relationshisg_between them are shown as brabﬁﬁles, links or edges. The
lengths of the branches ma?‘fl)r may not be significant. That is,';[he lengths of branches can
be used to indicate thé actual evolutionary distanees:between-erganisms. A group of two or
more organisms or nucleotide sequences that includes both their Common ancestor called
clade. Then,.species.are.represented by organism that from a clade,, genéra by those that
from a larger clade, families and ‘orders by those that from still larger'clade,-and so on. As
same as this way, phylogenetic trees can also be use to classify the genotypes and
subtypes of organisms in species. Phylogenetic trees may also be rooted and unrooted. In

rooted trees, there is a node called root that represents a common ancestor. An unrooted
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tree only presents the relationship among species, without identifying a common ancestor
or evolutionary path.
Phylogenetic analysis consists of four steps.
1. Alignment.
2. Determining the substitution or mutations model of sequence that can consider
sequence variation.

3. Phylogenetic tree construction.

Phylogenetic evaluation. @‘ l//{//

__;
Multiple alignment is Wons ; etween new sequences and
existing families of sequenCM ce ali \Qmed out to determine the

inimum number of mutation

most related sequence. The

sequence would be defined a “The_posi f ‘iheﬂgaps that were introduced
during the early alignments of sly related ;"are not changed as new

Phylogenetic trees can be orvyﬁueted from different methods.
1. Distance matrix method,.-’ﬂxgjgvps{- ;ommon-method that used to construct a
R’

phylogenetics: ds. A distance table is

regarded as a

rjxn matrix an erences between each
|

possible pair of Cluster. The number of cluster in tr#ejmatnx is reduced by one.

e iy Lol ety
AT A

into another. Grouping those sequences that can be interconverted with the

smallest number of overall changes generates the trees.
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3. Maximum likelihood method. The methods also involve multiple sequence
alignment and the analysis of changes at each position of the sequence. The
likelihood of different sequence changes at each position is calculated, and
these values are multiplied to provide an overall likelihood for each tree. The

most reliable tree is that with the maximum likelihood.

The reliability of phylogenetic trees can be test in many ways. Bootstrapping is the
one technique that used to test the reliable. If drféyé methods of tree construction give the
same result or the data can be resampled fo test their siatistical significance, this is good

— i

evidence that the tree is reliable” The free c'dnstructed‘by‘bootstrapping should always

— -
match the original tree (74, YW !

A large number of so

"

re ges érté available. Some popular programs are

can be carried out. Some pro a free' ‘avarl‘éble programs that located on the Internet.

In this research, Clustal W was used. Clu's‘tal Wi v Js a fully automatic program for global

multiple alignment of DNA or rotqth sequenees?ﬂhe program consists of multiple

alignment and phylogenetnc analysis. In- this forma] Jh&_lmks are still represented by lines
but the ancestral nodes amjepresented by vertical lines raﬂleLt&a‘n boxes. The scores are

)

calculated as the number‘{ﬂ identities in the best alignment -divided by the number of

residues compared (gap posﬂions are exclude). In Clustal W, b‘efore any pair of sequences

or prealigned groups-of-sequences, a-table of.gap opening penalties.for every position in

the two sequences. The CDNA sequences have been compared to determine whether the

relationship exustlng between them could have occurre@ by chance. The smallest unit of
‘

comparison is a paur of ‘nucleotide.CThHe taximum match can be defi ned as the largest

number that can be matched while allowing for all possible deletion or insertion 77).
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