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INTRODUCTION

Chicken anaemia virus (CAV), belonging to Gyrovirus genus of Circoviridae family
is the causative agent of chicken infectious anaemia (CIA), an immunosuppressive
disease primarily of young chickens but aisc infects the chickens of all age groups.
Chicken is the only recognized natural host, but serclogical survey has revealed the
prevalence of this disease in domestic and wild birds (Farkas et al., 1998). The clinical
disease is mainly noticed in young chicks of 10 — 14 days of age, which usually acquire the
infection vertically. The disease is characterized hy increased mortality, reduced weight
gain, anaemia, aplasia of bone marrow and atrophy of thymus {McNulty, 1991, Pope,
1991; Coombes and Crawford, 1996; Bulow and Schat, 1997; Rosenberger and Cloud,
1998, Dhama ef a/, 2002}. The major economic loss caused by this virus are associated
with severe immunosuppression and increased mortality due to secondary bacterialfvirus
infections.

This virus, first reported by Yuasa ef al. (1979) from contaminated vaccines used in
Japan, has worldwide distribution, It is one of the smallest avian virus 23-25 nm in size,
icosahedral, non-enveloped having a 2.3 kb circular single stranded DNA genome. The
genome codes for three viral proteins (VP1, VP2 and VP3) transcribed from single major
transcript of 2.0 kb size from three overlapping reading frames (ORF1, 2 & 3). Translation
of the protein using internal start codons is the unique feature of this virus. The viral
genome replicates through rolling circle model. Normally, the virus will not grow in any of
the commonly used primar} cells and cell lines. The Marek’s disease virus or avian
leucosis virus transformed lymphobiastoid cell lines are onily susceptible to this virus and
the virus usually multiply with low titre. Among the viral proteins, VP1 is the major capsid
protein (54 kDa) and the only protein that could be detected in the SDS-PAGE analysis.
VP2 is probably a non-structural protein found in the cells in early hours of virus replication
cycle. VP1 and VP2 are the protective proteins inducing neutralizing antibodies {Koch et
al, 1995).

VP3 is the smallest protein of 13 kDa, called “apoptin” having unique apoptosis
inducing property. It's unique nature of killing the neoplastic cells and not the normal celis
by inducing apoptosis has made it a potential candidate to be used as an anti-neoplastic

drug. P* protein is the intraceliular mediator of apoptosis through which almost all the anti-



cancer chemotherapeutic agents produce anti-cancer effect via the induction of this
mediator and thereby causing the tumor cell to undergo natural celf death. Cancer cells
develop resistance to the therapy by causing mutations in p*™ gene and they escape from
apoptosis. But, it had been proven that apoptin could induce apoptosis independentty
without p* protein (Zhuang et af, 1995). Peterson and Notebom (2000) have reported that
it could be used as a potentiai drug against the cancer cells resistant to current
chemotherapeutic agents. However, the anti-neoplastic effect of this protein in virus-
induced tumors has not been studied yet.

In India, Venugopalan and co-workers first reported the existence of CAV in 1994
and was later confirmed by Kataria et al (1999). Dhama (2002) has characterized six
isolates of CAV from different geographical regions of the country by RE analysis of PCR
amplified 453 bp product and found variations among the isolates. Not much information is
available about the chicken anaemia viruses (CAVs) circulating in this subcontinent. In
gereral, no significant antigenic or pathogenic difference has been found among the
reported isolates. Thus, only one serotype has been recognized so far. However, an
antigenically different isolate {CAV-7} has been reported recently from USA {Spackman et
al,, 2002), which could be a prototype virus of serotype 2. An outbreak in nine weeks old
layer puliets with high morbidity (80%) and mortality (55%) in Taiwan has also been
reported recently (Hsu JungPin ef al, 2002). These reports insisted the need of more
emphasis to study and monitor the CAVs circulaﬁng in the field. CAVs isolated from many
countries have been sequenced completely and phylcgenetic analysis was made to find
out the origin and relationship with other viruses. it has been reported that CAV isolates
show extremely limited genetic varability ranging from 3-7% only. Renshaw ef af. (1996)
reported a hypervariable region (HVR} in VP1 protein spanning 13 amino acids (139-151).
They also reported the amino acid at positions 139 and 144 are vital for the growth and
spread of CAV isolates. It has also been documented that amino acid at position 394 in
VP1 could be a major genetic determinant of virulence (Yamaguchi et al, 2001). If it is
glutamine at this position, the isolates are highly pathogenic and if it is histidine, less
pathogenic. Hence, characterization of the Indian isclates at genome level is mandatory to
know the exact nature of the virus prevalent in the country. Ultimately, i will help to

formulate effective prevention and control measures in this subcontinent.



Control measures are mostly directed at limiting vertical fransmission and
subsequent clinical disease outbreaks in young chicks by vaccination of the parent flock
before coming into lay. Acquired immunity efficiently prevents vertical transmission in the
flock. The effective approaches followed include controlled exposures by arificially
transferring the infected litter material, autogenous vaccine comprising of affected tissue
{particutarly liver) homogenates and a live wild-type virus vaccine administered in drinking
water, but are risky due to residual virulent virus and/or contamination with other avian
viruses (Vielitz and Landgraf, 1986, 1988; Vielitz et af, 1987, 1989; McNulty, 1991). Live
vaccine are prepared either using chicken embryo propagated or cell culiure propagated
CAV isolates, which had undergone multiple passages but harboured risks of reversion to
virulence even after many passages (Vieliz ef af, 1987, 1989, 1991; Vielitz, 1989a,b;
Rosenberger, 1992b}. MSB1 cells are also productively infected with MDV (Todd et a/,
1995, 98). Therefore, conventional vaccines against CAV are not completely successful,
Pages ef al. (1997) developed an oil emuisified formaiin inactivated CAV vaccine from
MSB1 pool of CAV which proved to be highly immunogenic and protective against the
disease in most of the progeny of the vaccinated breeders upto the required first 3-4 wks of
iife. Also, conventional approaches have difficulties due to the inability of the virus to grow
to high titre in embryos/cell cultures (in vifro) and the unavaitabiiity of naturally occurring
apathogenic isolates of CAV. Altematively, development of recombinant vaccine using the
immunogenic viral proteins will serve the purpose. Koch ef af {1995) developed an
effective sub-unit vaccine using recombinant bacuiovirus insect cell system synthesizing
and expressing CAV proteins VP1 and VP2, simultaneously and found these two proteins
gave higher level of protection when administered together rather than given individually.
Production of attenuated isolates by inducing mutations on the 12 nt sequence within the
array of 19 nt repeats, associated with enhan i';ifomoter activity, have been reported
(Notebom ef al.1998b}). Recently, Yamagyzé: {2001) hignlighted that 2 single amino
acid at position 394 of the VP1 as major determinant of pathogenicity and a point mutation
at that position could generate a iow pathogenic CAV which could become a potential
candidate for developing live vaccine for CAV. Development of a naked DNA vaccine
using the immunogenic protein genes of CAV (VP1 and VP2) could be an another useful

approach for the prevention and contro! of this disease.
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Keeping the above mentioned facts viz., malecular characterization of the genome
of CAV isolates prevalent in India and the role of its proteins i.e. immunagenic role of VP1
and VP2 and the anti-neoplastic effect of the VP3 protein in view, the present study was

envisaged with the following objectives:

1. To detect variation, if any, among Indian CAV field isolates by RE
analysis of PCR amplified VP1 and VP2 genes and sequencing of the
viral genome to study their relationship with the reported CAV
isolates from abroad.

2. To study the anti-neoplastic effect of CAV-VP3 protein in chicken

experimentally infected with Rous sarcoma virus.



REVIEW OF LITERATURE

Chicken infectious anaemia {CIA), an emerging disease mainly of young chicken,
characterized by poor weight gain, severe anaemia, aplasia of the bone marrow, lymphoid
atrophy, subcutaneous and muscular haemorrhages and increased mortality, has been
responsible for considerable heaith problems and economic losses to the pouliry industry
(McNulty, 1991, Bulow and Schat, 1997, Hagood ef al, 2000). The causative agent,
chicken anaemia virus (CAV), first reported by Yuasa et al (1979), recently classified
within the newly established genus Gyrovirus under the virus family Circoviridae (Pringle,
1998) is the smallest DNA virus and is now being recognized as an important avian
pathogen worldwide (McNulty et af, 1991; Farkas et al, 1991; Mcliroy et al, 1992; Bulow
and Schat, 1997, Rosenberger and Cloud, 1998). CAV has been proven to be a potent
immunosuppressive agent for very young unprotected chicks thereby increasing their
susceptibility to secondary infections viz. viral, bacterial and funga! agents and depressing
vaccinal immunity and production performance in the field situations (Van Den Berg, 1996;
Adair, 2000, De Herdt et al, 2001). The virus seems to play a key role in the etiology of
several multifactorial diseases viz. haemorrhagic syndrome, haemorrhagic anemia
syndrome, infectious/aplastic anaemia, anaemia-dermatitis syndrome, gangrenous
dermatitis and biue wing diséases (Bulow, 1991a; Pope, 1991; Jorgensen, 1991; Toro et
al, 2000; Hagood et a/, 2000). Certain notable characteristics such as verical
transmission, detection in SPF eggs, its highly contagious, hardy and ubiguitous nature
along with the potential for inducing marked immunosuppression have attracted the global
poultry production systems towards the CAV infection (Todd, 2000).

1. ETIOLOGY

1.1 Classification: Chicken anaemia virus (CAV), one of the smallest animal viruses,
alongwith two other single stranded (ss) DNA animal viruses - porcine circovirus (PCV)
and psittacine beak and feather disease virus (PBFDV) has been classified as a Circovirus
{family Circoviridae) on the basis of morphology and circular genome characteristics
(Studdert, 1993; Lukert et al, 1995). As CAV differs from other circoviruses in size,
morphology, buoyant density, sedimentation coefficient, antigenic determinants and gene
arrangement (Todd et al, 1991, Noteborn and Koch, 1995; Bassami ef af, 1998}, it has
now been placed under a new genus named Gyrovirus under the family Circoviridae
{Pringle, 1999; Todd ef al, 2000).



However, CAV has a genome organization similar to a recently described TT virus,
the first human circovirus (Mushahwar ef af,, 1999; Leary ef af, 1999). Therefore, CAV and
unclassified TT virus might be the member of the same family, distinct from circoviruses
{Santeen ef al,, 2001). An antigenically different isolate (CAV-7) has been reported recently
from USA (Spackman ef al,, 2002), which could be a prototype virus of serotype 2.

1.2 Strain Differentiation: No significant antigenic differences have been recognised
among various CAV strains using polyclonal antibodies. There exist only one serotype of
CAV worldwide (Yuasa and Imai, 1986; McNulty et af, 1990a; Bulow and Schat, 1997;
Adair, 2000). However, monocional antibodies (MAbs) revealed antigenic differences,
based on immunocfiuorescence reaction pattemns on staining between isolates which are
indistinguishable using polyclonal antisera (McNulty et a/., 1990c).

1.3 Physical and Morphological Characteristics: CAV has been characterized as a very
smail, naked, icosahedral DNA virus with spherical or hexagonal shape measuring 19.1 to
26.5 nm in diameter (avg. 23.5 to 25 nm) {Gelderblom ef al, 1989; McNulty ef al,
1990a.d; Todd et al, 1994). Virions have been demonsirated to possess a buoyant density
of 1.33-1.34 or 1.35-1.37 g/ml in cesium chloride (CsCl), sedimentation coefficient of 918
in isokinetic sucrose gradient and a circular covalently closed ss-DNA genome of 2.3 kb
enciosed in a capsid of 32 capsomeres (Todd et al, 1990a, 1991b; Allan et al, 1994,
Bulow and Schat, 1997).

1.4 Resistance to Physical and Chemical Agents: The structure of CAV confers
remarkable chemica!l and thermal stability. Virus has the ability to resist inactivation by
various physico-chemical agenis viz. exposure to pH 3, lipid solvents (ether or chloroform},
acetone and treatment for two hours at 37°C with 5% solutions of many commercial
disinfectants (Yuasa, 1992, Tayior, 1992; Allan et al, 1994; Buiow and Schat, 1997).
Treatments with 1% giutaradehyde for 10 min at room temperature, 0.4% beta-
propiolactone for 24 hr at 4°C and 5% formaldehyde for 24 hr at room temperature have
been recommended for complete inactivation of the virus (Yuasa, 1992). lodine and
sodium hypochlorite at 1% concentration can also inactivate the virus. The virus has been
shown to remarkably withstand temperatures of 56°C or 70°C for 1 hr and upto 80°C for 15
min. Heating at a temperature of 100°C completely inactivated the virus within 15 min
(Urlings et al,, 1993).

2. MOLECULAR CHARACTERISTICS

2.1 genome: The gene structure of the virus has been well characterized and the
motecular biology of CAV has been studied by several workers (Nofebom ef af, 1991,
1994b; Classens ef al,, 1991; Notebomn and Koch, 1995; Brown ef af, 2000; Sanieen et a/,



2001). Analysis of the CAV genome revealed a circular, covalenfly inked negative sense
ss-DNA genome of 2.3 kb containing only one promoter region and poly {A) addition
signal. Thus far, all sequenced strains comprise of three partially overiapping major open
reading frames {ORFs) -ORF-1/C1 (853-2199 nt position, 1347 nt), ORF-2/C2 (380-1027
nt position, 648 nt} and ORF-3/C3 (486-848 nt position, 363 nt), that are frame shifted
encoding putative viral proteins VP1, VP2 and VP3, respectively (Todd et al, 1990a;
Chandratilleke et a/, 1991; Dougias ef al, 1995, Coombes and Crawford, 1996). The
Japanese strain CAA 82-2 contains a fourth open reading frame (ORF-4), hut its function
has yet to be established (Kato ef al, 1995). The replicative form of the viral genome has
been shown to consist of 2298 or 2319 bp depending on the presence or absence of four
or five 21-bp repeats {Soine ef al, 1994; Todd ef al, 1995, 1996). A hypervariable (HV)
region has been identified in the largest ORF/C1 spanning amino acid (AA) positions 139-
151 (13 AA region) in the VP1 (Renshaw et al,, 1996).
2.2 Viral Proteins {VP) and Antigens: Three putative virai proteins viz. VP1 (45-52 kDa,
449 AA), VP2 (24-30 kDa, 216 AA) and VP3 (13.6-16 kDa, 121 AA) have been well
characterized by several workers {Notebom et al, 1991; Classens ef al, 1991;
Chandratilleke et al, 1991; Meehan ef al, 1992; Buchholz, 1994; Coombes and Crawford,
1994). VP1 is the major structural capsid protein (Todd et af, 1990a, 1994; Koch ef al,
1994), though VP2 detection in purified virions revealed it might also to be a structural
protein {Buchholz and Bulow, 1994). VP3 is not present in purified CAV particles but is
important for its life cycle (Noteborn ef al, 1994a,b). Both VP1 and VP2 are involved with
antigenictty of the virus, and formation of neutralizing antibodies in CAV-infected cells
require the synthesis of both VP1 and VP2 in the same cell (Koch et af, 1994, 1995;
Noteborn et al, 1998a). VP3 is poorty immunogenic {Cunningham ef af, 2001). VP3 is the
major protein found in infected cells produced in abundance during virus repiication. There
is a strong binding between VPs and celiular proteins as all are present in nuclear
extracts/intranuciear inclusion (Todd ef af, 1990a, 1994; Douglas ef af, 1995). VP3
(apoptin) induces apoptosis in specific iymphoid celis, the chicken thymocytes and chicken
lymphoblastoid cell lines (MSB1) (Jeurissen ef al, 1992b) which is also an important
phenomenon during the pathogenesis of CAV {Noteborn et af, 1994a; Noteborn and
Koch, 1995; Chiu et al, 2001). it can also induce p53-independent apoptosis in human
osteosarcoma celis (Zhuang ef al, 1995).
2.3 Genomic Variations: CAV isolates show extremely fimited genetic variability
- worldwide and the amino acid composition has been found to be remakabiy conserved. A

low level {~3-7 %) of sequence diversity is detected when the isolates are compared, thus



reflecting high sequence identity among isolates and which is consistent with the finding
that there exists only one serotype (Todd ef al, 1992, 1998; Pallister et al, 1994, Kato et
al, 1995; Farkas ef al, 1996: Brown ef al, 2000; Santeen et al, 2001). Renshaw ef af
(1996) highlighted a possible functional role for the natural changes in the hypervariable
{HV) region contributing to differences in efficiency of viral replication or rate of spread in
vitro. CAV mutates during passage in cell cultures and the high passage virus is genetically
and biologically diverse in pathogenicity and antigenicity {Meehan ef af, 1997, Scott ef &/,
1999).

3. LABORATORY HOST

CAV can be propagated and assayed in susceptible chickens, in cell cultures or in
chicken embryos. Day-old chicks, free of matemal CAV-antibodies, inoculated with CAV
develop pronounced clinical disease at 12-16 days (Yuasa ef al, 1979, McNulty, 1991).
The virus multiplies in the chicken embryos following yolk sac inocutation but does not
reach a titre high enough to cause embryo death or produce noticeable gross lesions.
However, the hatched chicks develop characteristic disease signs (Bulow and Witt, 1986;
Tantaswasdi et al, 1996; Brown et al., 2000). CAV does nct grow in routine standard cell
cultures, but grows in some lymphoblastoid cell lines established from Marek's disease
virus (MDV) and lymphoid leukosis lymphomas. The most commoniy used of these is the
continuous MDCC-MSB1 cell line derived from a MD T-cell splenic lymphoma (Yuasa,
1983; Adair et al, 1993b; Coombs and Crawford, 1998). Also the sublines of MSB1 differ
in their susceptibility to infection and even some CAV strains don't replicate in these cells
(Renshaw et af,1996; Calnek et al,, 2000).

Infected cell cutures show a general cytopathic effect. Cell-associated infectivity
peaks at 3642 hr after inoculation whereas cell-free titres peak at 48-72 hr after inaculation
and the rate of multiplication ranges between 10-100 fold (Yuasa, 1983, Bulow ef ai,
1985). Other cell lines suitable for propagation and assay include MDCC-JP2 (T cell, MDV
transformed), LSCC-1104/X5 Bt (B-cell, induced by ALV), LSCC-HD11 (AMV
transformed) and MDCC-CiU147 (MD local lesion derived T-celf line) lymphoblastoid cell
line (Jeurissen et al,, 1992b; Notebom ef al, 1994a; Calnek ef al, 2000). Mononuclear celi
cultures derived from various chicken lymphoid tissues supported CAV replication but with
low virus titre yield as compared to infection in MSB1 cuitures (McNeilly ef ai, 1994).
Although MSB1 cells are preferred, the significance of CU147 as an alternate cell line has
also been realized (Calnek ef al., 2000).



4. VIRUS REPLICATION

By conventional adsorption and penetration virus probably enters the target cell
and multiplies in the nucleus by circutar ds-DNA replicative intermediate form (roliing circle
model} (Meehan et al, 1992; Noteborn et al, 1992a, Phenix et al, 1994). In chickens,
CAV appears to replicate primarily in hematopoietic precursor celis in the bone marrow
and thymic precursors (lymphocytes) in the thymus cortex where it leads to cytolytic
infection and cell death by apoptosis (Jeurissen ef al, 1992b, Notebom et af, 1994a,
Notebom and Koch, 1995).
5. PATHOGENICITY / VIRULENCE

Non-pathogenic CAV isolate does not exist naturally. Isolates of CAV identified so
far do not differ significantly in pathogenicity (Yuasa and Imai, 1986; Takagi et al, 1996},
however, lesions severity has been found to vary considerably in few pathogenicity studies
(Goryo et al,, 1985, 1987a, 1989a; Lucio ef af, 1990, Lamichhane ef al, 1991; Toro ef af,
1997). Differences in ability to cause anaemia in chicks infected at 1 day of age have not
been noted but can occur in these chicks inocuiated at 5-8 days of age (Yuasa and Imai,
1986; McNutlty et a/, 1990a). The ability of CAV fo produce anaemia is directly related to
the dose of virus inoculated and the age of susceptible host (Yuasa and Imai, 1986,
McNuity ef af, 1990b) and its pathogenicity is enhanced by concurrent infection with other
immunosuppressive agents {Coombes and Crawford, 1996). So the reported variability in
virulence among isolates should not be interpreted as a proof of variation in pathogenicity.
The genetic determinants of pathogenicity are not known except that VP3 causes death of
infected cells via apoptosis (Noteborn and Koch, 1995). Recentiy it has been reported that
one amino acid, at residue 394 of the VP1 capsid protein, serves as a major determinant of
pathogenicity {(Yamaguchi et al, 2001). A pathogenically different isolate (CAV-7) has
been reported recently from USA (Spackman ef al, 2002}, which could be a prototype
virus of serotype 2. An outbreak in nine weeks old layer puilets with high morbidity (80%)
and mortality (55%) in Taiwan has also been reported recently (Hsu JungPin ef al, 2002).
6. ATTENUATION

Although it has been claimed that CAV can be attenuated progressively by
extensive passages in cell culfures, but this has not been confirmed as the irreversible
attenuation proved to be difficult because of the relatively simple genomic nature of the
virus (Bulow and Fuchs, 1986a,b; Goryo et al, 1987b; Bulow et af,1991: Todd ef al, 1995,
1998). Nucleotide changes in each of the three genomic regions contribute towards
attenuation (Meehan et af, 1997). CAV strains with a mutated enhancer/pramoter region

sharing reduced virus spread and cytopathogenicity have been reported (Notehom ef af,
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1998b), but whether attenuation is achieved is to be tested. Reversion to virulence has
been reported even after 173 passages in MSB1 cells {Bulow and Fuchs, 1986b; Todd et
al, 1995). It is more likely that very highly passaged (>300 passages) cloned CAV isolates,
possessing reduced pathogenicities as revealed by selection of 6 AA changes in VP1
coding regions, may be suitable candidates for live attenuated CAV vaccine development
(Scott ef af, 1999; Todd et a/, 2001). A change at the residue 394 of VP1, the major
determinant of pathogenicity of CAV, could help generate a low pathogenic CAV suitable
for stable live vaccine development (Yamaguchi et al, 2001).
7. THE DISEASE

ClA is a highly contagious disease with a high prevalence in countries with
intensive poultry production. Clinical disease is very much uncommon since most breeders
seroconvert to CAV either as a result of natural infection or vaccination of breeders before
they come into lay so that the progeny of infected breeder stocks are protected by
maternal antibodies. Much more common are subclinicat infections in chicks above 3
weeks of age. Outbreaks of CAV are therefore sporadic in the field (Imai and Yuasa, 1990;
Bulow and Schat, 1997; Todd, 2000).
7.1 Transmission: Vertical as well as horizontat mode of iransmission are involved in the
spread of CAV among chickens resulting in clinical and sub-clinical infections, respectively
(Yuasa ef al, 1979, 1983b; Yuasa and Yoshida, 1983; McNulty, 1991; Hoop, 1992).
Embryo infection after insemination with CAV-contaminated semen can also occur {Hoop,
1993). Vertical transmission occurs when breeder layers with no antibody to CAV or with
no previous exposure to the virus become infected as they come into egg production,
Ciinical disease does not occur in breeders and there is no apparent effect on egg
production, hatchability or fertility but the virus is passed vertically to the offspring which in
turn develop clinical disease (Vielitiz and Landgraf, 1988; Hoop, 1992). Vertical
transmission occurred for 8-14 days after expenmental infection of hens (Yuasa and
Yoshida, 1983}, but field observations indicated that egg transmission could occur during a
period of 3-9 wk post-exposure with a peak at 1-3 wk {Engstrom and Luthman, 1984;
Vielitz and Landgraf, 1988; Cheltle et al, 1989; Hoop, 1992). After the appearance of
CAV-antibody, the excretion of CAV via the faeces ceases. So the infection is short lasting
with elimination of CAV within 4-6 weeks P! supporting no evidence of latency {(Yuasa et
al, 1983b; Hoop, 1992). However, Cardona ef al (200Ch) recently repoited wide
distribution and long persistence of CAV in the reproductive tissues of infected SPF flocks
of chickens indicating CAV can thus be vertically transmitted from persistently infected
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Horizontally acquired infection, usually occur in chickens lacking matemal antibody
to CAV. Infection usually takes place by direct or indirect contact from virus surviving in
paultry houses between flocks, from virus excreted by a small number of vertically infected
hatchmates, or through ingestion of material contaminated with infected faeces (McNuity ef
al, 1988, 1991; Bulow, 1988; Rosenberger and Cloud, 1989ab; Jorgensen, 1990).
Management practices may also have an important role in the outcome of horizontat CAV
infections {Jorgensen ef al, 1994, 1995b).

Another possible method of spread is through contaminated vaccines because the

virus has been detected in some SPF flocks used for vaccine production, raising the
possibility that such vaccines might have been responsibie for disseminating CAV infection
in the past (Cardona et a/, 2000a). Experimentally, CAV can be transmitted by inoculation
of the virus material in the susceptible day-old chickens by /M or P routes (Yuasa ef al,
1979; McNutty, 1991; Brentano et af, 1991; Katana ef al, 1999; Dhama, 2002). Verticai
transmission, being the major cause of clinical disease has more importance than
horizontal spread (Chettie et al, 1989; Hoop, 1992). CAV has no known public health
significance.
7.2 Susceptibility; Chickens of alt ages are susceptible io CAV infection but after two
weeks of age, susceptibility to clinical disease decreases rapidly which is related 1o an age
associated resistance primartly due to the development of immune competence to produce
effective humoral response (Yuasa ef al,, 1980a; Otaki ef al,, 1992, Hu, 1992; Jeurissen ef
al, 1992a; Hu et al, 1993a; McConnell ef al, 1993a,b). For chicks less than 2-3 weeks of
age, maternal antibodies are very protective for clinical disease, most breeder flocks then
seroconvert as a result of horizontal infection generating protective humoral immunity. Both
sexes are affected, broilers are found to be more susceptible with chicks at one day of age
being most susceptible. (Yuasa ef al, 1979, 1980a; Vieltz and Landgraf, 71988,
Rosenberger and Cloud, 1989b; Otaki et af, 1992),

Chicks are at increased risk of infection with CAV and the period of susceptibility to
disease may be extended by an early exposure to other lymphocidal agents such as IBDV,
MDV, REV, adenovirus or selected avian reoviruses and other agents that interfere with
normal immune system development (Engstrom et al, 1988; Rosenberger and Cloud,
1989b; Buiow and Schat, 1997; Imai et al, 1999) or by bursectomy (Yuasa et al, 1988;
Lucio et al, 1990; Hu ef a/, 1993a). A connection between the genetic strain of chicken
and susceptibility to CAV infection has also been reported (Cardona et af, 2000a).
Production or transfer stress might enhance susceptibility to CAV infection or consequently

persistent CAV infection may be activated because of hormonal changes leading fo
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vertical transmission and subsequent seroconversion near sexual maturity (McNulty et al,
1891; Cardona et al, 2000a,b).
7.3 Clinical Disease: Specific clinical disease is observed during the first 34 wk of life
when chicks without maternally derived antibodies are infected vertically or horizontally in
the first two weeks of life (Mcnulty, 1991; Bulow and Schat, 1997). The subclinical phase
lasts unti! day 8-10 Pl to be followed by a mild to severe anaemic phase between days 10
and 20 Pl and then a convalescent phase from day 20 Pl.
7.3.1 Signs: The disease is acute with clinical stage developing after an incubation period
of 10-14 days, inciude inconsistent pathognomic symptoms of depression, paleness
(anaemia), weakness, anarexia, ruffled feathers and stunted growth (particuiarly between
10-20 DP) depending on disease severity, Anaemia, the only specific sign with a peak at
14-16 DPI is noticeable on the non-feathered areas such as the comb and wattles,
evelids and legs, and finally the bird become markedly pallor and that may extend to the
internal organs (Yuasa ef al, 1979, Goryo et af, 1985; Pope, 1991). It may, however, be
more than 14-21 days before anaemia develops, presumably depending on genetic strain
and age of experimental chicks, and properties of the inoculated virus strains
{Rosenberger and Cloud, 1989b).
7.3.2 Morbidity and Mortality: Growth is retarded and mortality peaks within the third
week of life and varies usually between 5% and 10% but upto 60% has been recorded
(Engstrom and Luthman, 1984; Taniguchi ef al, 1982, 1983, McNulty ef al, 1991).
Morbidity similarly varies between 20-60%. Usually no more than 30% of birds die between
12-28 DP! with peak mortality within 5-6 days of onset of disease (14-18 DPI). Morbidity
and mortaiity may be influenced by the virulence, dose and route of the CAV strain (Goryo
et al, 1985, Yuasa and Imai, 1986). Under field conditions, congenitally infected chicks
show c¢linical signs and increased mortality begining at 10-12 days of age, with a peak at
17-24 days. iIn heavily infected flocks, there can be a second peak of mortality at 30-34
days possibly due to horizontal infection (Goryo ef al, 1987a; Chettle ef al, 1989;
Jorgensen, 1991). '
7.3.3 Gross Lesions: Gross lesions in lymphoid tissues and bone marrow are most
pronounced af 12-16 DPI. Lesions consist of transient severe bone marrow aplasia and
pancytopaenia with reduction in hematocrit values ranging between 6-27% (PCV < 25%)
due to severe anaemia. There is normochromic anaemia in Cl!A. The blood becomes
watery and the plasma is paler, clotting time is increased (Taniguchi ef al, 1982, 1983;
Goodwin et al, 1991a, 1992b; Zhou and Liu, 1996; Liu et af, 1997b; Ramadan et al,

1998). Bone marrow charactenstically changes from a red to a pale yellow to whitish colour
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and might have a fatty consistency. The femur is most commonly evaluated for this
change. Liver becomes pale, discoloured and enlarged. There is intense atrophy of the
lymphoid organs at the peak of anaemic phase, including the thymus, bursa of Fabricius,
and to a lesser extent spleen. A yellow fatty bone marrow is the most characteristic lesion
due to anaemia, while thymic atrophy is the most consistent finding. Other visceral organs
might show areas of congestion and hemorrhages. Bursal atrophy is generally modest and
transitory (Yuasa et al., 1979; Goryo et al, 1985, 1987a, 1989a; Yuasa, 1989; Bulow and
Schat, 1997). Lesions in other tissues including swollen and a mottled appearance with
focal necrosis of the liver, kidney and spleen, erosions in the gizzard, skin necrosis on the
wings, and consolidation of lungs have also been reporied but are tikely to be associated
with secondary infection with other agents in the natural field disease. Also in field vertical
CAV infection results in a more severe disease than chicks infected experimentally at day-
old age (Bulow ef al, 1986b,c; Goryo ef af, 1987a; McNulty, 1991; Bulow and Schat,
1997). Sometimes haemorrhages occur throughout the body. Haemorrhages in the
provenincuiar mucosa and subcutaneous and muscular haemomrhages within the wing tips
are sometimes associated with severe anaemia. (Goryo et al, 1985; Yuasa and Imai,
1986; Engstrom ef al,, 1988).

7.3.4 Histopathology: Microscopic lesions reflect the macroscopic observations. The
histologic changes do not always correspond with the clinical signs and haematocrit
values. Panmyelopathy and transient generalized lymphoid atrophy (panleukopenia) are
observed at the peak of the disease (Taniguchi ef al, 1982, 1983; Goryo ef al, 1989a;
Chettle of al, 1989, Pope, 1991). In the bone marrow there is atrophy and
hypoplasta/aplasia involving all compartments and haematopoietic lineages. Both
erythropoiesis and haematopoiesis are affected with mild to severe depletion of both
erythroid and myeloid cells. Haématopoietic cells comprising erythrocytes, white biood
cells (heterophils, monocytes and eosinophils) and thrombocytes are markedly reduced in
numbers from respective intra- and extra-vascular spaces, leading to pancytopaenia or are
replaced almost completely by lipocytes or proliferating stroma cells, giving the bone
marrow a watery texture and the characteristic yellow colour (Taniguchi ef a/, 1982, 1983;
Lucio ef al, 1990; Liu et a/, 1997h). Large thymic iymphocytes are swollen 2-3 times in
size. There is a well documented necrosis of the lymphoid elements in thymus, bursa,
spleen, caecal tonsils and other tissues with the depletion of lymphocytes followed by
reticular celt hyperplasia and connective tissue proliferation (Goryo et al, 1989a; McNuilty,
1991).
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Histologically, lesions appear first in bone mammow and thymus on 6 DPI and then
in the bursa, spleen and tiver (Goryo et al, 1989a,b,c; Smyth et al, 1993). The thymus
cortex and medulla become equally atrophic, with hydropic degeneration of residual cells
and occasional necrotic foci. Lesions in BF consist of atrophy of the lymphoid follicles with
occasiona!l small necrotic foci, infolded epithelium, hydropic epithelial degeneration and
profiferation of reticular celis. In the spleen, atrophy of lymphoid tissue with hypemplasia of
reticutar cefls is seen in the lymphoid follicles as well as in the Schweigger-Seidi sheaths.
In the liver, kidneys, proventriculus, duodenum, and caecal tonsils, lymphoid foci are
depleted of cells, making them smaller and less dense than those in unaffected birds. Liver
cells are swollen, hepatic sinusoids may be dilated and the lymphoid foci are depleted of
celis. Focal necrosis and vacuolar degeneration in the liver, as well as apoptosis in
different organs is evident.

Small eosinophilic intranuclear inclusion bodies (INIBs) have been detected in
altered cells, mainly in large haematopoietic precursor cells in the bone marrow, and in
swollen thymocytes (lymphoblasts) and hyperplastic reticular cells in the thymic cortex, in
experimental infections most frequently at 6-8 DPL. Inclusions can also be seen in the
spleen, fiver, bursa and lymphoid aggregates throughout the body from 6 to 16 DPI.

Inclusions can be considered pathognomic but being transient and small sized,
identification is difficult, therefore, are of fimited diagnostic value (Goryo et al, 1989a;
Pope, 1991; Smyth ef al., 1993; Toro ef al., 1997).

7.4. Factors affecting the disease: Uncompilicated infectious anaemia, especially if
caused by horizontal infection, result in slightly increased mortality and transient poor
performance of affected fiocks, and therefore, it could even go unobserved in commercial
settings. Severity or intensity of the disease is related to the viral dose, age of infection, the
matemnal antibody status and the route of infection (vertical/horizontal) (Yuasa et al,
1980a,b; Rosenberger and Cloud, 1989b; McNuity ef al/, 1990b). Oral, nasal, or ocular
routes are much less effective than parenteral inoculation in inducing disease. Bursal
atrophy is an important risk factor for the development of CIA (Yuasa et al, 1988; Hu ef af,
1993a; Hagood et al, 2000). Chemical immunosuppression by betamethasone or
cyclosporin A also aggravates signs and lesions (Buiow ef ai, 1987). All of the aforesaid
signs and lesions may be exacerbaied and become more persistent in chickens co-
infected with other lymphocidai agents ieading to retarded recovery and increased
mortality which is frequently seen in field cases (Bulow ef al, 1983; Engstrom ef af, 1988,
McNulty, 1991; Todd, 2000; Mites ef al, 2001).
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7.5 Disease Status in India
In India, the disease has been suspected since long on the basis of clinical
symptoms and {esions in the major pouitry raising states of the country (Verma et al,, 1981,
Suresh et al, 1995). While investigating an outbreak of muitifactorial etiology in young
growing chickens in poultry belt of Namakkal, Tamil Nadu, Venugopalan ef al. (1994)
reported the disease by demonstrating CAV through immunoperoxidase test. Recently,
Kataria et al. (1999) reported the existence of CIA from three states (Tamil Naduy,
Maharashtra and U.P.} in India by PCR detection of CAV-DNA in the clinical samples and
transmission study in chicks. Subsequently virus detection and isolations from other states
further substantiated the occurrence of CIA in India (Dhama, 2002). Thus CAV may be
placed in the iist of emerging viruses which can cause severe threat to the Indian poultry
industry (Goudar and Arun, 1992; Singh et al, 1996; Kataria et al, 2001, 2002a,b;
Senthilkumar ef a/, 2002). This warrants the need for determining the epidemiological
status of the disease in the country, emphasizing CAV research for diagnosis and
developing suitable control measures.
8. PATHOGENESIS
Chronological studies of the affected tissues revealed the pathogenesis of CAV
infection (Taniguchi et af, 1983; Goryo et al, 1989a,b,c; Hoop and Reece, 1991; Smyth et
al, 1993) indicating primary target cells to be haematopoietic precursor {haemocytoblasts)
and thymic precursor {lymphoblasts) cells in the bone marrow and thymus corex,
respectively, in early cytolytic infection at 6-8 DPI and also in reticuiar cells. CAV antigen
has been detected in cells in bone mamrow, thymus and spleen 3-4 DPI and subsequently
in other tissues viz. liver, proventriculus, duodenum, lung, kidneys and heart, indicating its
wide distribution throughout the body. No antigen has been detected after 26 DPI {Hoop
and Reece, 1991; Adair ef al, 1993b; Smyth ef al, 1993) although virus might persist in
“tissues until 28 days and in rectal contents until 49 days or later (Yuasa et a/, 1983b). CAV
replicates in lymphocytes, causing destruction of thymic lymphocytes, and is directly
cytotoxic for bone marrow haematopoietic precursors leading to transient severe anaemia
and immunosuppression (Taniguchi et al, 1983; Goryo et al, 1989a,b,c; Zhou and Liu,
1996; Liu ef af, 1997b; Adair, 2000). CAV has specific tropism for lymphoid tissues
particularly for the thymus cortex (T-cells preferably), affecting lymphopoiesis so that there
is depletion of thymic tymphbiastoid ceilis and lymphocytes in the thymus {precursor T-
cells), spieen (mature T-celis) and other lymphoid tissues (Goryo ef al, 1989a; Smyth et
al, 1993; Adair ef al, 1993b; McNeilly et al, 1993). Thymic lymphocyte loss is more
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severe than bursal lymphocyte ioss (Jeurissen ef af, 1989, Hu et al, 1993a,b; McNeilly ef
al, 1994).

The thymocyte infection with CAV causes chromatin aggregation, fragmentation of
celluiar DNA into oligonucleosomes, karyorrhexis and cell death via apoptosis, and by day
7-14 Pi, there is complete depietion of the thymic cortex. Nuclear inciusions are exclusively
VP3-induced apoptic bodies {Jeureissen et al, 1992b; Noteborn et al, 1994a; Chiu ef af,
2001). Apoptosis represents an important phenomenon during the pathogenesis of CAV in
which virus interferes with programmed cell death (Notebom and Koch, 1995; Noteborn,
2001). Eosinophilic intranugiear inclusions have been found in altered cells especiailly in
the bone marrow as well as in thymus (Goryo et al, 1989ab,c; Smyth et al, 1993),
Haemomhages associated with CAV infection relates primarily to destruction of the
thrombocytes causing thrombocytopaenia and impaired clotting (Cheville, 1983; Pope,
1991; Liu et al, 1997b). Depletion of granulopoietic tissue is responsible for the lack of
mounting inflammatory responses in the immunosuppressed chicks.

Repopulation of the bone marrow with proerythroblasts and promyelocytes, and
recovery of haematopoietic activity (erythropoiesis} and lymphocyte repopulation after 16-
20 days of inoculation appear to coincide with the beginning of antibody formation. These
events result in complete recovery by 32-42 days (Taniguchi et al, 1982, 1983; Goryc ef
al, 1985; Liu ef al, 1997b). Pathogenesis of CAV infection is strongly related to humoral
immunity (Yuasa ef al, 1983b, 1988).

9. IMMUNITY TO CAV INFECTIONS

9.1 Active Immunity: CIA can be effectively prevented by a humoral immune response in
the immunocompetent host or with passively acquired matemal antibodies (Yuasa ef al,
1980a, 1983b, 85; Hu et al., 1993a). Humoral {neutralizing) antikodies play a crucial role in
age related resistance. Resistance to expenimental reproduction of ciinical disease is
acquired rapidly after hatching which is normally complete by 2 weeks of age (Yuasa and
Imai, 1986} and in older birds, is attributed to disappearance of susceptible cells {Jeurissen
et al, 1992a) or more likely to increased immunocompetence (Yuasa et al, 1988; Hu,
1992; Hu ef al, 1983a). CAV antibodies persist for long time (Imai et af, 1993} and only
very low levels are needed to give effective protection (Otaki et af, 1992). Vertical
fransmission of the virus is unlikely to occur from actively immune hens (Hoop, 1992).

Pocr antibody response is shown by susceptible chickens inoculated with CAV at 1
day of age. CAV suppresses both general and local humoral immunity in chicks by
decreasing the antibody producing cells in most of the immune organs at 7-28 days after
infection of the birds at hatch (Liu ef al, 1997a; Zheng et af, 1997). Neutralizing antibodies
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are detected at 3 wk P) with low titres (1:80-1:320) that increases subsequently peaking at
4-5 wk from 1:1280 to 1:5120. Antibody response is considerably enhanced and faster in
older chickens inoculated /M at 2-6 wk of age with neutralizing antibody deiectable as
early as 4-7 days. [ncreasing antbody production coincides with decreasing virus
concentrations in chicken tissues. High titres of neutralizing antibodies persist in all birds in
a flock for at least 52 wk (Yuasa ef al, 1983b; McNulty et al, 1988; Goodwin ef al., 1990;
Hoop, 1992; Imai et a/, 1993). Re-infection with CAV leads to a significant increase in
antibody titres (Hoop, 1992). Cardona ef al. {(2000a) reported that the combination of virus
strain and genetic background of the host may influence the humoral immune response
(HIR) to CAV. it has been suggested by Dren ef a/ (2000) that an early immune response
induced by high dose of CAV in 6 wk old chickens prevented vertical replication and virus
shedding.
So far much is not known about cell-mediated immunity (CM) to CAV, but its role

in protection against CAV cannot be ruled out (Bulow and Schat, 1997).

9.2 Passive: CAV infection in progeny of hens with antibody to CAV has not been found
as matemai antibodies provide complete protection of young chicks against CAV induced
disease, provided that the chicks are not immunoiogically compromised by other factors.
Matemal antibodies are protective in chicks upto the required first 2-3 weeks of life, after
which time the age related resistance develops against clinical disease but not to infection,
(Yuasa et al, 1980a; Imai and Yuasa, 1990, Pages e!f al, 1997). Because of passive
protection, in most of the broiler flocks only subclinical disease is produced.

10. IMMUNOSUPPRESSION

By vitue of its pathological effects, CAV is believed to be a potent

immunosuppressive agent as evidenced in susceptible young chicks. The virus when
transmitted by transovarian route from infected hens to progeny or following /M
administration at 1 day of age can result in a severe disease resulting in a decreased
resistance and enhanced susceptbility to a wide range of viral, bacterial, and fungal
infections (Rosenberger and Cloud, 1989¢; Xu and Liu, 1995; Adair, 1996; Pascucci, 1997;
Rosenberger and Cloud, 1998; Higgins and Warr, 2000; Jin ef af, 2001}, Laboratory based
-evidence also suggest that the subclinical infections of chickens (3 wks and above) can
also result in immunosuppression (McNulty ef al, 1991; McConnell ef al,, 1993b; Liu et al,
1995; Adair and McNulty, 1997; McNamee ef al, 1999; Adair, 2000; Toro et al, 2000).
Further indirect evidences indicate that CAV infections in older chickens are

immunosuppressive which includes the increased pathogenicity of CAV, reduced vaccinal



responses to various vaccines and an apparent enhancement of pathogenicity of various
co-infecting agents (Toro ef al,, 1997; Todd, 2000).

CAV exerts a destructive effect on both primary and secondary lymphoid tissues
and especially suppresses the population of both helper (CD4"} and cytotoxic (CD8") T-
lymphocytes in the thymus (Hu ef af, 1993a,b; Adair, 2000). Immunosuppression so
induced is caused at least in part by apoptosis induced by VP3 protein (apoptin). Poor
antibody response is observed after CAV infection at day-old age which is a consequence
of depressed T, responses in the early phase of infection (Otaki ef af, 1988ab). There is
marked damage of haematopoietic and lymphopoietic tissues viz. stem cells in bone
marrow and precursor T-lymphocytes in thymus. The bursa, spleen and other lymphoid
organs are also depleted of lymphoid cells though less severely (Goryo et al, 1989ab.c;
Smyth ef al, 1993; Dhama, 2002).

Intramuscular inoculation of the virus at 1-7 days of age resulted in reduced levels
of lymphocyte transformation responses of splenic, thymic and blood lymphocytes to T-cell
mitogens (PHA, Con-A) and adversely affected lymphokine production activities also (IL-2,
T-celi growth factor, interferon) at 7 to 21 DPI in in vitro studies (Otaki et al, 1988a,b; Adair
et al, 1991, 1993a; Bounous ef al, 1995; Xu and Liu, 1995; Dhama, 2002). There is a
decrease in the ratio between the lymphoid organs viz. thymus, bursa and spleen and the
whole body weights. Also T and B cell proliferation activities decreases in immune organs
resuiting in a significant decrease in immunoglobulin (igG, 1gM and IgA} level in all body
fluids of CAV infected chicks particularly during 7 to 35 days after infection. Thus both
ceflular and humoral immune functions are markedly depressed in the central as well as
penpheral immune organs leading to decreased immunoprotective efficacies (Cloud et al,,
1992a,b; Liu et al, 1995, 19973, 2001; Zheng and Liu, 1996a, 1997, 1998, Zheng ef al,
1997; Dhama, 2002). Substantial reduction in macrophage functions viz. Fc receptor
expression, phagocytosis, bactericidal activity and cytokine (IL-1) production have also
been recorded (McConnell et al, 1993a; Adair ef &/, 1993a). Inhibition of interleukins (IL-1,
iL-2 etc.) and interferon (IFN) production adversely affects molecular immunoregulatory
responses on cytotoxic activities of macrophages, cytotoxic T lymphocyte (CTL), natural
killer (NK) cells and expression of surface receptors.

Affected birds, if coinfected with other viruses such as MDV (Bulow et al, 1986b;,
Zanella et al, 1999; Miles et a/, 1999, 2001), IBDV (Yuasa et al, 1980b; Rosenberger and
Cloud, 1989b; Rosenberger, 1991, 1992a; Imai ef al,, 1999), FAV (IBH/HPS) (Buiow et al.,
1986¢; Rosenberger, 1992a; Toro ef al, 2000, 2001), reovirus (Bulow et al, 1986c;
McNeilly et al, 1995), REV (Bulow et al., 1986h) and NDV (De Boer ef al,, 1994) develop a
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profound immunosuppression leading to synergistic effects of both the agents (Vielitz and
Landgraf, 1988; McNulty, 1991; Pope, 1991; Bulow and Schat, 1997; Markowski and
Schat, 2001). Affected chickens frequently develop secondary bacterial infections with
Clostridium perfringens and Staphylococcus aureus resulting into losses due to
gangrenous dermatitis (Goodwin et al, 1989, McNamee ef al,, 1999). Synergism between
concurrent CAV and the parasite Cryptosporidium bafleyi in chickens have also been
reported (Hornok ef al, 1998). Birds with mixed infections of CAV and coccidiosis were
reported to have been more severely affected (Ibrahim, 1998). High doses of mycotoxins
(aflatoxin) reduced patemal and subsequently maternal IgG transfer in chickens resulting
in an elevated mortality and immunodepression and also possibly vertical transmission of
CAV (Bulow, 1991), Co-infections can overcome the effects of age and matermal antibody
related resistance, thus increasing the susceptible age period for CAV and its persistency
(Yuasa et al,, 1980b; Rosenberger and Cloud, 198%b,c; Imai ef a/.,1999; Toro et al., 2000).
in the field, CAV infection seems to cause few signs of disease, however, dual infections
are more serious.

CAV infection causes depression of immune response against several vaccine
viruses viz. NDV, MDV, ILTV and FPV leading to vaccination failures, vaccination reactions
or aggravation of the residual pathogenicity of attenuated vaccine viruses and even could
lead to emergence of variant virus (Box et &f, 1988; Otaki 6t al, 1988a,b; Rosenberger
and Cloud, 1989c¢; Cloud et al, 1992b; Dren et al,, 1992; De Boer et al,, 1994; Zneng and
Liu, 1996b; Zheng et a/, 1997, Liu ef al, 2001; Dhama, 2002). Birds immunized against
coccidiosis in the presence of CAV infection showed a lower level of protection (Ibrahim,
1998).

11. PROPAGATION OF CAV

The virus can be propagated in susceptible embryonated eggs, cell culture
{(MDCC-MSB1 cells) and one day-old -SPF chicks or in susceptible immunosuppressed
chickens. MDCC-MSB1 cells are widely used for the propagation of this virus in vitro
(Yuasa, 1983; Yuasa et al, 1983a; Bulow et al, 1985). Not very specific cytopathology is
observed by light microscopy but cell damage occurring after 1 to 6 subcultures is
suggestive of CAV infection. CPE is not readily observed in the first few passages because
noninfected MSB1 cells outgrow the infected cells. General CPE produced by the virus is
characterized by inhibition of celi growth and observing enlarged, swollen and misshapen
cells, cell degeneration and iysis, alkaline red medium and ultimately the inability to
subculture (Yuasa, 1983; Yuasa ef al,, 1983a; Bulow et al, 1985, 1986a; McNulty, 1991;
Bulow, 1991b; Dhama, 2002). Quantification is achieved by virus infectivity titrations
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(TCIDso/ml) by subculturing of inoculated cells every 2-3 days until cells inoculated with the
endpoint dilution of CAV are destroyed (7-10 subculture may be needed) (Yuasa, 1983
Imai and Yuasa, 1990). The virus growth is generally confirmed by indirect
immunofiuorescent technique (IIFT) described by McNulty ef a/ (1988). CAV grows to
comparatively low titres, only upto 10° to 10° TCIDsy/0.1 mlin MSB1 cells.
12. POLYMERASE CHAIN REACTION

The development and application of molecular technique of PCR assay for the
direct detection of CAV-DNA in infected specimens has been employed for diagnosis of
CIA. CAV-DNA has been detected in various sampies viz. infected MDCC-MSBI cells,
chicken tissues such as unfixed liver and lymphoid organ homogenates, formalin fixed fiver
homogenate or formalin fixed paraffin embedded (FFPE) tissues (thymus etc.), serum and
blood smears from experimentally or field infected chicks, contaminated vaccines, and in
serum samples from disease free chickens (Todd et al, 1992; Noteborn et al, 1992b;
Tham and Stanistawek, 1992a,b; Dren et al, 1994, Seong ef al, 1996; Lauerman, 1998,
Sun ef al,, 1999a.by; Santeen et al, 2001; Yilmaz ef al,, 2001).

Primers selected on the basis of published DNA sequence of Cuxhaven-1 strain of
CAV (Notebormn et al, 1991) also worked efficiently with other strains from different
countries indicating the region amplified was highly conserved among the strains
{Notebom et al, 1992b; Tham and Stanisfawek, 1992a,b; Imai et al, 1998). Soine et al.
(1993) using two pairs of primers, amplified the CAV genome of 2300 bp into two
fragments of 1500 bp and 800 bp. Dren ef al. (1994) developed a hot-start PCR, the use of
a spike DNA as an intemat control enabled the validation of CAV negative sampies and an
estimation of the number of CAV genomes present in the field samples. Rodenberg ef al.
{1994) reported that assay of CAV by PCR in avian biological products was at least as
sensitive as culture in MSB1 cells and chick inoculation. Use of PCR assay with FFPE
tissues is of high diagnostic value since it allows detection of both microscopic lesions and
viral DNA. It also allows retrospective studies of the disease caused by or associated with
CAV. The nested PCR increased the sensitivity upto 10-100 fold (Soine et af, 1993; imai
et al, 1998, Cardona et a/, 2000b). PCR based detection of CAV from blood samples
might be an efficient method for diagnostic and epidemiological purposes (Razypal ef af.,
1997). _

Kataria ef al. (1999) detected CAV-DNA in tissues of chicks showing clinical signs
of infectious anaemia by PCR, Occurrence of the disease has been long suspected in
india on basis of clinical symptoms/lesions (Verma ef al, 1981; Goudar and Arun, 1992

Suresh et al, 1995) or reported by viral antigen detection by IPT (Venugopalan et al,
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1994). By employing PCR, transmission studies and virus isolations Kataria ef al. (1999)
confimed the occurrence of CIA in India. Subsequently, Dhama (2002) utiized PCR for
diagnosing CAV infection in clinical samples/experimental studies and its detection during
in vitro isolations and passages in MSB1 cells. Cardona ef a/. (2000b) employing nested
PCR reported wide distribution and longer persistence of CAV in the reproductive tissues
of infected birds. Yamaguchi et a/. (2000) established a rapid and highly reproducible,
sensitive and reliable quantitative method for infectivity titration of CAV by competitve PCR
possessing several advantages over the conventional methods. Recently, Markowski ef al.
{2002) developed a strain-specific realtime PCR for Quantitation of CAV.

PCR is very effective for the early detection of CAV in cell lines or infected tissues
of the affected birds or detection of subclinical CAV infections, screening of SPF flock, or
testing CAV contamination of cell lines, virus preparations and preferably poultry vaccines.
It is expected that the PCR assay will offer a highly efficient replacement of current
laboratory tests for CAV diagnosis and research and for the study of molecular
epizootiology of CIA.

13. SEROLOGICAL ASSAYS

Detection of antibodies is more reliable for ascertaining whether the flocks have
been exposed to CAV but do not determine if the birds are infective or even non-indicators
of current infection status (Cardona et af, 2000a). These are important for sero-monitoring
of SPF and breeder flocks for CAV specific antibody to make sure that they have sero-
converted so as to avoid the risk of CAV contamination of avian vaccines and clinical
disease in progeny flocks, respectively. Antibodies to CAY in chicken sera or egg yolk can
be assessed by virus neutralization (VN), enzyme linked immunosorbent assay (ELISA),
indirect immunofluarescence (NIF) and immunoperoxidase (fIP) tests (Bulow et af, 1985;
Bulow and Fuchs, 1986a; McNulty et al, 1988; Todd et al, 1990b; Brewer et al, 1994).
The commercially available ELISA kit and IF testing are commonly used to monitor SPF
chickens for CAV infection.

13.1. Indirect Immunofluorescence Techniqué (FT}: Indirect immuno fluorescence
technique is usually employed for survey of antibody against CAV or monitoring the
infection effectively in SPF and commercial chicken flocks (McNulty ef a/, 1988: Chettle ef
al, 1991, Lamichhanne ef al, 1992, Fadly et al, 1994, Dren et af, 1996; Zhou et af,
1996). IIFT has been effectively employed for screening of hybridoma supematent fluid
(McNulty et al., 1990¢). CAV infected MSB1 cells are used as positive antigen for detecting
antibody to CAV. |FA titres of 1:40 and higher are generally considered positive. Although it

has been conventionally used in most serological surveys for breeder flocks (McNulty,

21



1991), the test however, lack sensitivity in detecting low levels of antibody to CAV as
compared to SN, and is prone to non-specific or false positive results (Bulow, 1988; Lucio
and Schat, 1990; Otaki et al., 1991; Hoop, 1992). Use of serum dilutions at 1:40-1:100 or
even more in the HIFT to avoid non-specific staining or prozoning effects has been
recommended. Employing MAbs against VIP3 (CAV spexcific protein} infected cells can also
be efficiently stained in an IIFT (Todd ef al, 1990a; Noteborn et al,, 1994a; Renshaw ef al,
1996; Brown et &f., 2000).

13.2 Indirect Immunoperoxidase Test (liPT): The IIP assay aiso utilizes CAV-infected
MDCC-MSB1 cells as antigen for detecting antibody to CAV (Lamichhanne et al, 1992).
Some non-specific reactions are observed as with that of IFT. 1IPT was found to be at
least as sensitive as the [{FT but less sensitive to ELISA (Chettle ef al, 1991; Lamichhane
et al,, 1992; Toro ef a/, 1994a,b).

13.3 Enzyme Linked immunosorbent Assay (ELISA}: Development and use of ELISAs
to detect and measure CAV antibodies have been studied by several workers (Todd ef al,
1990b, Otaki et al, 1991; Goodwin ef al, 1992c¢; Pallister et al, 1994, lwata ef al,, 1998,
Todd et al, 1999). Todd et al (1990b) developed an indirect ELISA employing CAV
specific monoclonal antibodies, 4H4, to capture partially purified viral antigen selecfively.
Highly purified CAV also has been found to be a suitable ELISA antigen (Goodwin et &/,
1992¢; Lamichhane et al, 1992) but the use of more purified preparations is not
economically viable. The ELISA plates directly coated with partially purified viral antigen
have also been found equally suitable (Brewer ef al, 1994).

Commercial CAV ELISA kits employing the above methods have been developed
and are available commercially (Flockscreen CAV antibody ELISA ki, Guildhay Ltd., UK;
CAV antibody test kit, IDEXX Laboratories, Inc., Westbrook, ME, U.S.A)). Clarified lysates
of infected MSB1 cells have been used as ELISA antigens (Kling, 1991; Otaki et af, 1991)
but appear less suitable than purified or semipurified virions for routine testing. Pallister ef
al (1994) developed indirect capture ELISA with MAb for detection of serum antibody to
CAV based on cloned capsid protein (VP1). lwata ot al (1998) reported the use of
recombinant VP2 and VP3 as antigen to detect anti-CAV antibodies in ELISA. Later, Todd
et al. (1999) deveioped a blocking ELISA, having several advantages, utilizing CAV
specific MAb (2A9) (McNuilty et al, 1990c) which reacted with geographically different field
isolates indicated worldwide application of ELISA test. On the basis of speed and cost and
being more suitable for testing large numbers of serum samples, ELISA is the test of

choice for investigating the epidemiclogy of CAV in poultry (Todd et al,, 1999).
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But ELISA has got its own fimitations viz. obtaining enough antigen due to inability
of virus to grow to high tifres in vitro and non-specific reactions with anti-CAV polyclonal
chicken antibodies (O'Rourke et al.,, 1994; Michalski et al, 1996). False positive reactions
reported in upto 18% of sera from SPF chicken were found to be associated with the
transient presence of particular protein fraction (O'Rourke et af, 1994). Therefore, only
highly purified and concentrated preparations of CAV are suitable for detecting antibodies
by ELISA and westem blot techniques. It has been suggested that antigen
capture/blocking ELISAs employing MAbs and developing recombinant (r) CAV proteins
(antigens) can alieviate these limitations (Todd ef'al,, 1990b, 1994, 1999).

14. PREVENTION AND CONTROL

Conirol measures are mostly directed at limiting vertical transmission and
subsequent clinical disease outbreaks by the use of vaccine in parent flocks several weeks
before egg production to ensure that breeder flocks have seroconverted before coming
into lay. Sound management, hygiene and strict biosecurity practices will be of immense
help in preventing young chicks from earty exposure. to CAV as well as coinfections with
other lymphocidal agents especially IBDV and MDV foilowing suitable vaccination
programmes, 50 as to limit immunosuppression and reduce the economic losses (Mcllroy,
1894; Jorgensen ef al, 1995a,b; Van Den Berg, 1996, Fussel, 1998; Engstrom, 1999; De
Herdt et al, 2001). '

Acquired immunity efficiently prevents vertical transmission in the flock. The
effective approaches followed included co_ntrolled exposures by artificial litter transfer,
autogenous vaccine comprising of affected tissue {particularly liver} homogenates and a
live wild-type virus vaccine administered in drinking water to parent flocks during the
rearing period, but are risky and cannot be recommended as standard procedure due to
hygiene problems, nsk of immunosuppression in young chicks, doubtful CAV
concentration and co-existance of other pathogens (Vielitz ef af, 1989; McNulty, 1991).
Live vaccine comprising of chicken embryo propagated Cux-1 isolate using 10*°
TCIDsy/bird although gave efficient protection but harboured risks in practice of reversion to
virulence (Vielitz ef al, 1989; Vielitz, 1989ab; Rosenberger, 1992b). A successful
commercial kve vaccine comprising of non-attenuated chicken embryo propagated virus to
be administered through the drinking water has been developed (Vielitz and Voss, 1994).
But these approaches may not be acceptable in all countries due to risk involved in the use
of non-attenuated virus. Steenhuisen ef al. (1994) developed an attenuated CAV live
vaccine by serial passages in chicken embryo, that has to be administered via parenteral

routes to be fully protective.and with an adjuvant result in a better humoral immune
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response in the vaccinated birds (Cardona ef al, 2000a). Cell culture propagated CAV,
given multiple passages in MSB1 cells, can also serve as an effective drinking water
vaccine provided that the titre is adequate. It, however, cannot have much utility as fully
attenuated vaccine because reversion to virulence even after many passages {(P170) have
been reported, and that MSB1 cells are productively infected with MDV (Todd et al,, 1995,
a8). Classical live vaccines against CAV, therefore, possess residual pathogenicity and a
risk of reversion to virulence,

Vaccination with live vaccines shouid be performed at about 13-15 wk of age, 34
weeks prior to the onset of lay to avoid the hazard of spreading vaccine virus through the
eqg (Vielitz ef al, 1987; McNuity, 1991). Regular sero-monitoring is desired for formulating
prevention strategies or to test the efficacy of vaccinations.

Pages et al (1997) developed an oil emulsified formalin inactivated CAV vaccine
from MSB1 pool of CAV which proved to be highly immunogenic and protective against
the disease in most of the progeny of vaccinated breeders upto the first 3-4 wks of kife.
Possibility of reversion to virulence is also ruled out,

Conventional approaches for development of a vaccine present difficulties due to
the inability of the virus to grow to high titres in embryosicell cultures (in vifro) and the
unavailability of naturally occuring apathogenic isolates of CAV. Altematively, by
development of immunogenic recombinant proteins to produce a sub-unit vaccine and/or a
live attenuatedfrecombinant (r) virus vaccine through the manipulation of the virus DNA,
will serve the purpose. Koch et al {1995) developed an effective sub-unit vaccine using
recombinant baculovirus insect cell system synthesizing and expressing CAV proteins VP 1
and VP2 simultaneously. It provided an attractive and safe alternative to wild type CAV for
vaccination in chickens without undue risk, and also the problem of obtaining satisfactory
levels of CAV antigen at an acceptabie price might be overcome.,

Scott et al. (1999) reported a highly passaged (P310 in MSB1 cells) and cloned
CAV to be substantially aftenuated which can serve as an effective aid for the
development of a live CAV-vaccine. It may also be possibie to produce attenuated isolates
by rational design, for example Notebom ef al. (1998b) have reported that mutations on the
12 nt sequence contained within the array of 19 nt repeats, associated with enhancer-
promoter activity, reduces virus repiication and cytopathogenicity in cell culture, and the
mutant CAV strains were able to produce a neutralizing conformational epitope, implying
that they can trigger the required immune response, making these as potential candidates
for the development of an attenuated CAV vaccine, though, its attenuation level remaind

yet to be tested. Recent report of Yamaguchi ef af (2001) highlighted the single AA
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change at residue 394 of the VP1, major determinant of pathogenicity, by cloning and
passage in MSB1 cefis or point mutation can generate a low pathogenic CAV which is a
good candidate for developing a genetically homogenous, safe and stable CAV live
vaccine. Similar approaches of designing attenuated isolates needs attention. The
development of CAV vaccine will perhaps heip control not only CIA but also other diseases
that are aggravated by CAV.

15. NUCLEIC ACID IMMUNIZATION

Immunization or vaccination is called 'the third generation vaccine' methodology for
achieving specific immune activation (Weiner and Kennedy, 1999). The concept of DNA
as a vaccine was initially described in 1990 in a seminal study by Woiff et al. (1990)
demonstrating that direct intra-muscular injection of purified bacterial plasmid DNA resulted
in the expression of an encoded reporter gene. This study provided a strong basis for the
concept that 'naked DNA' can be delivered in vivo and can direct protein expression for
initiating an immune response (Ulmer et al., 1993). The gene encoding the immunogenic
protein(s) is inserted into an appropriate eukaryotic expression plasmid that can be
repiicated in bacteria, purified and then directly inoculated by various methods into the
animal to be vaccinated. The recent review of nucleic acid immunization has covered all
the aspects and highlighted the issues to be addressed in chicken {Oshop et al, 2002b).
15.1. immunology of DNA vaccines: The exact mechanism of how DNA vaccines
initiate an immune response remains unknown, but there are several theories as to
how this may occur. One single injection of a plasmid encoding foreign genes can
initiate a broad spectrum of immune responses (Wolff ef al, 1990; Kowaiczyk and
Ertl, 1999). The quantity of antigen produced after DNA inoculation is usually in the
picogram to nanogram range. Despite this, there is an efficient induction of a
sustained and broad-based immune response, which might be due to the immune-
enhancing properties of the DNA itself (i.e. CpG motifs) and /or the type of antigen
presenting celi (APC) transfected. Since the peptides are recognized as being
foreign, they are then processed and presented to the host immune system initiating
either numeral, cell-mediated immunity, or both. This process of antigen presentation
is similar to that occurring during a natural infection, since the proteins are presented
to the immune system in their native form. This represents one of the most important
features of DNA vaccines; the ability to induce humoral and celi-mediated immunity

through the priming of CD4+ and CD8+ cells (Gurunathan ef af., 2000).

25



15.2 Delivery-route, dose and regime: Depending upon the route of delivery and the age
of the bird, a wide range of DNA concentrations have been administered to the avian in an
effort to induce a measurable response (immunity or protection). In a single injection, the
least amount was 0.25ug per bird given by ballistic delivery (Kodihalli et al., 1997) with the
most being 750 pg per bird given by IM injection (Triyatni et af, 1998). As a total given per
bird over time the amount of DNA administered ranged from 0.5 to 1500 pg (Kodihalli ef
al., 1997; Tryatni et af., 1998). In studies where different doses were used a clear dose
related response was found (Suarez and Schultz-Cherry. 2000). Interestingly, in the work
by Suarez and Schultz-Cherry (2000) a limiting amount of DNA was found to be best (100
ng per bird by IM injection) beyond, which the antibody response was diminished.

15.3 immunity and protection from challenge: The published reports of nucleic acid
immunization in poultry have shown an immune response in the form of humoral, cellular
or protective immunity. Although a few DNA vaccine studies in the avian have failed to
show a measurable antibody response, most have been abkle to demonstrate
immunoglobuilin preduction. In those studies where no antibody was found, the vaccinated
birds were still partially to fully protected from challenge, indicating that an adaptive
immune response other than humoral (presumably celiular immunity) was induced by the
vaccination (Kodihalli ef af, 1997, 2000; Fynan ef al,, 1993}. In the studies where antibody
was found the primary isotype was I1gG (Vanrompay et al, 1999b, 2001) or IgY (in the
studies where yolk antibodies where found) (Rollier et a/., 2000a: Romito ef af, 2001) and
the antibodies were found to be functional, in that they neutralized haemagglutination or
infectivity of viruses in serum neutralization assays (Trivatni et al, 1998; Rollier st al.
2000a; Suarez and Schultz-Cherry, 2000)

Very few studies have been done detailing the celiular immune responses to DNA
vaccination in the avian, however many reports have suggested that this arm of the
immune system is activated. The most conclusive study was by Seo ef a/. {1997) who
specifically assessed the activity of cytotoxic lymphocytes after DNA immunization. This
study reported that a plasmid encoding a CTL epitope of infectious bronchitis virus induced
CD8+ cel-mediated killing of infected targets and that these immunized chickens were
protected from acute viral infection. Other studies have shown specific activation of
lymphocytes or changes in lymphocyte subpopulation after DNA vaccination, but have not
measured the activity of cytotoxic lymphocytes (Vanrompay ef al., 1999, 2001; Song et al.,
2000)
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15.4 In ovo immunization: Neonatal immunization of animals with DNA vaccines has
been done and shown to work effectively (Wang et a/, 1997, Siegrist, 1997, 2001; Pertmer
and Robinson, 1999; Hassett et al., 2000). in addition, DNA vaccination of the neonate has
been shown to overcome maternal immunity, uniike other protein based vaccines (Hassett
et al, 1997; Oshop et al., 2002a). Johnson ef al. (1997) showed with a reporter gene that
M inoculation of the embryo was possible and that protein was made. A modified version
of this in ovo technique to deliver nucleic acid vaccines to the embryo was deveioped
{Oshop et al, 2002b). This modified in ovo delivery technique involves combining plasmid
DNA enveloped in a neutral lipid along with an equal part of dimethyl sulfoxide (DMSQ)
and depositing the mixture through a hole in the top of the eggshell onto the shell
membrane.

16. CAV-VP3 AND {TS ANTI - NEOPLASTIC EFFECT

Chicken anaemia virus induces apoptosis in thymus of infected chicks and in vifro
infected MDCC MSB-1 ceils (Jeurissen ef a/,, 1992). Later, it was found that VP3 protein of
CAV alone could induce apoptosis (Noteborn ef al,, 1994). It has been proven by cloning
of the gene coding for VP3 protein in plasmid and transfecting in MDCC-MSB-1 cells,
which showed induction of apoptosis and necrosis by propidium iodide staining of cell
nucleus and DNA laddering pattern. it has been observed that VP3 could not induce
apoptosis in primary chicken embryo fibroblast cells. It was also reported that apoptin
induced apoptiosis in various human transformed and/or tumerogenic cell lines, but not in
normal cells. The c-terminally 11 amino acids truncated protein was unable to induce
apoptosis (Noteborn et a/,1994). It was found to be unsuitable for its usage as antigen or
immunogen {Cunninghom et al., 2001),

In normal cells,I P® is the essential intracellular mediator of apoptosis apart from
the death receptor. These pathways dismantle the cells finally by activation of caspase
proteases. Zhuang et al. (1995) first screened this protein in three inbreed mice lines
of P¥ mutant, P** normal and P* deficient fo study the role of P* in apoptin mediated
apoptosis and concluded that apoptin induced apoptosis independentiy in all the three
mice lines.

Later, Danen van Qorschot et al. (2000) have analyzed the role of caspases in
apoptin-induced apoptosis using a specific antibody, active caspase-3 was detected in
cells expressing apoptin and undergoing apoptosis. They concluded that apoptin

employed cellular apoptotic factors for induction of apoptosis, although activation of
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upstream caspases was not required but activation of caspase-3 and possibly other
downstream caspases were essential for rapid apoptin induced apoptosis.

Pieterson and Noteborn (2000} have also reported that tumor cells were resistant
to apoptosis induced by cytotoxic agents than normal cells, however, the resistance couid
be a direct consequence of mutations in certain tumor suppressor genes (P* or of certain
proto-oncogens {Bcl-2). Apoptin acted independently of P*® was stimulated by Bdl-2 , and
insensitive to BCR-ABL which meant that apoptin induced apoptosis in cases where
current therapeutic agents would fail.

Apoptin induces apoptosis specifically in tumor celis and not in nomal cells. 1t is
proven to induce cell death by apoptosis in various cell lines derived from tumors eg.
hepatomas, lymphomas, leukemia, melanomas, breast and lung tumors and colon tumor,
it could not induce apoptosis in nomal cells viz. human keratinocytes, vascular endothelial
cells, smooth muscle cells, human pnmary T celis, human diploid fibroblasts as well as
murine and rat embryonal fibroblast. The possible reason could be that apoptin is located
in the nucleus and is able to perform its activity in tumor celis. In normal cells, it could not
do so since it is located in specific cytoplasmic structures.

In vivo effects of apoptin have also been tested by constructing recombinant
adenovirus expressing apoptin. It was found that it could be administered safely by single
or repeated Infravenous (i.v) injections without any severe adverse effects. It was also
seen that a single intratumoral injection of this recombinant adenovirus into a xenogenetic
hepatoma in nude mice showed a reduced tumor growth (Pietersen ef al, 1999).
Recombinant Parvovirus vector expressing apoptin was also adjudged to induce anti-
neoplastic effect (Olijslagers et al, 2001).

Leliveld ef al (2003a) showed that recombinant apoptin protein spontaneously
formed non-covalent globulin aggregates comprising 3040 subunits in vitro. This
multimerization was robust and virtually imeversibie, and the globular aggregates were also
stable in cell extracts suggesting that they remained intact within the cell. Their study also
indicated that covalently fixing the apoptin monomers within the recombinant protein
multimer by intemal cross linking did not affect the biological activity of apoptin, as these
fixed aggregates exhibit similar tumor specific localization and apoptosis inducing
properties as noncross-inked apoptin.

Zheng et al. (2003) also showed that formation of uniform distinct, stable
multimeric complex inside the cell on cytoplasmic microinjection. Their further studies
revealed that recombinant mannose binding protein -apoptin multimers retain its biclogical

activity similar to the ectopically expressed wild type apoptin; namely the complexes
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translocated to the nucleus of the tumor cells and induced apoptosis, whereas they
remained in the cytoplasm of normal primary cells and exerted no apparent toxic effect.

Leliveld ef a/ (2003b) later reported that apoptin predominantly co-localized with
heterochromatin  and  nucleoli  within tumor cells on the basis of
immuneelectronmicroscopy. They have also reported that apoptin co-operatively forms
distinct superstructures with DNA in vitro and these superstructures do not go beyond 20
multimeric apoptin complexes and approximately 3 Kb of DNA. Further, they have showed
that a single apoptin muttimer to have eight independent nonspecific DNA binding sites
which predominantly bind strand ends. Apoptin also have high affinity for naked, uncoated
double and single stranded DNA since this form of DNA are predominantly found in
transcriptionally active.

Perusal of the literature indicated the need of characterization of this emerging
virus prevalent in India and to know the exact epidemiological status of this disease in the
subcontinent. Also, a safe, highly effective and potent vaccine is lacking for the effective
prevention and control of this disease in the field. The apoptotic potential of the CAV-VP3.
protein has to be exploited to develop a safe anti-neoplastic drug for various kinds of

neoplasm.
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MATERIALS AND METHODS

1. VIRUSES

Five indian field isolates of CAV and Rous sarcoma virus (RSV) used in the
present study were maintained in the Division of Avian Diseases, |VRI, |zatnagar. All the
five CAV isolates were isolated from the materials submitted for disease investigation from
different regions of the country, Details of these CAV isclates are given in Table 1.
2. CELL CULTURE

CAVs were propagated in Marek's disease virus transformed (MDCC-MSB-1)
cells. The cell line was maintained and used foliowing the method described by Goryo st
al. (1987b). Cells were cultured in RPMI-1640 growth medium (Sigma, USA)
supplemented with 10% fetal bovine serum (FBS) (Gibco BRL, USA) at 39°C in an
incubator {Nuaire, USA) with humidified atmosphere containing 5% CO, Cells were
maintained by subculturing at 2-3 days intervals, RSV was grown in primary chicken
embryo fibroblast (CEF) cell culture prepared from the 11-12 day old embryos.
3. CHEMICALS

All the chemicals and enzymes used in this study were procured from Sigma, MBI

Fermentas, Qiagen, Invitrogen, Banglore Genei and Sisco Research Laboratory.

4. PLASTIC WARES

All the plastic wares used in this study including tissue cuiture flasks, plates,
eppendorf tube, micropipette tips, PCR tubes and filtered tips were procured from different
reputed fims viz. Comning (USA), Axygen (USA), Nunc (Denmark) and Tarson (india).

5. GLASS WARES

The glasswares used during the study were procured from Borosil (India) and
Duran (Germany). These were thoroughly washed and sterflized for tissue culture work as
per standard procedure.
6. EMBRYONATED CHICKEN EGGS AND CHICKENS

Specific pathogen free (SPF) embryonated eggs, certified free from various poultry
pathogens, were kindly supplied by M/S Venkateshwara Hatcheries Group Limited (VHL),
Pune. These eggs were incubated in an isolated setter and hatcher at the Hatchery Unit of
Central Avian Research Institute (CARI), lzatnagar. White leghorn layer birds were

obtained from the experimental layer farm of the same Institute.



Table 1. Details of field isolates of CAV used in the present study

Sl
No.

Place of Isolation
{States)

Divisional No. of
isolates

Code No,

1.

2.

~

Pune, Maharashtra

Noida, Uttar Pradesh

Gurgaon, Haryana
Palampur, Himachal Pradesh

Namakkal, Tamil Nadu

CAV, AD 501a/2001
CAV, AD 498/2000
CAV, AD 172/1994
CAV, AD 505/2001

CAV, AD 38/1993

CAV-A
CAV-B
CAV-C
CAV-E

CAV-P




7. BUFFERS AND REAGENTS

The details of buffers and reagents used in this study are given in Appendix.
8. CULTIVATION OF THE VIRUS

During the initial adaptation, virus inoculum (0.5ml) prepared from the tissue
material was mixed to the cell pellet suspended in 0.5m! of the medium and incubated at
39°C for 1 hour in a 15 mi centrifuge tube. Then, 5 mi of the RPMI medium was added into
the tube, cells were suspended in the media, seeded into culture flask and incubated at
39°C with 5% CO, concentration in a humidified atmosphere for 72 hr. After 72 hr of
incubation, 1 mi of the cell suspension was transferred into 4 ml of fresh medium and
incubated. The process was repeated 2-3 times to appreciate the ¢ytopathic effect and
virus was harvested in every passage.
9, TITRATION OF CAV

Quantification of the CAV isolate A passaged 4 times in MSB1 cells was done as
per the method of Imai and Yuasa (1990). Titration was camied out in MSB1 cell cultures
using 96-well tissue culture plates. Briefly, serial ten-fold diiutions (10 to 107} of the virus
were prepared in RPMI-1640 without serum. 50 pl aliquots of these dilutions were
transferred into the culture wells followed by adding 4X10* MSB1 celfs in 150 pl culture
medium {o each well. Each dilution was tested in five concurrent cultures with eight
passages at 3-day intervals. Cells were subcultured at 2-3 days intervals by adding 50 pl of
the infected cell suspension into 150.|J| RPMI growth medium. Cultures without virus were
included as controls. Infectivity endpoints were based on the cytopathic effect, performing
subculture untit degenerative changes developed in the control set (Yuasa, 1983). Mean
tissue culture infective dose (TCIDs} was calculated according to the method of Reed and
Muench (1938).
10. EXTRACTION OF VIRAL DNA

Viral DNAs of CAV isolates were extracted from the infected MSB1 cells at each
passage foliowing the method as described by Tham and Stanislawek (1992a) with some
madifications. Procedure included lysis of infected cells, deproteinization by phenol and
chloroform extraction and finally precipitation with ethanol. The steps involved were as
follows:
1. CAV inoculated MSB1 cells were harvested at 48 hr Pl in gquantity of 1.5 mi and

centrifuged at 3,000 rpm for 10 min at room temperature. Supernatant was discarded
carefully leaving 100 pl of supematant with MSB1 cell pellet.
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2. Pelleted MSB1 cells were lysed by treating with 900 pi of lysis buffer (10mM Tris,
10mM EDTA, 0.25% Triton X-100), vortex mixed gently and kept for 10 min at room
temperature

3. Subsequentiy, 40 p! of 5 M stock NaCli (0.2 M final concentration) was added, mixed
gently and centrifuged at 3,000 rpm for 10 min at 4° C for precipitating cellular/high
molecular weight DNA.

4. 585 pi of the above supematant was collected, reacted with 15 pi of 20 mg/mi
proteinase-K (0.5 mg/ml final concentration) and incubated at 37° C for 3 hr.

5. Subsequently, the lysate was extracted with standard phenol : chioroform {1:1) and
chloroform treatment,

6. 360 pl of the acquous phase was collected and precipitated with 1/10™ volume of 3M
sodium acetate and 2.5 volume of ethanol at —=20°C.

7. The DNA was precipitated by centrifugation at 12,000 rpm for 10 min and washed
once with 70% ehtanol. The pellet was air-dried and dissolved in 30 pl of nuclease free
water.

Uninfected MSB1 cells were similarly treated for DNA extraction.
11. SEQUENCE ANALYSIS OF THE CAV GENOME

A strategy was designed for the sequencing of the complete genome of CAV and
to get the products of CAV genes for the cloning and expression purposes. The strategy is
given diagrammatically in Fig 1. The details of primers used to ampilify different regions of

the CAV genome is given in Table 2. Totally, four sets of primers were used. Primer set #1

was used to amplify the VP1 region and Primer set #2 was used to amplify the VP2 region.

These two sets covered the entire coding regions of CAV. The primer set #3 was used to

amplify the noncoding region of the CAV. The PCR amplification was carried out in PCR

buffer containing 1.5mM MgCl,, 200 pM of each dNTPs, 10 pmoles of each primer, and

1.0 Unit of Taq polymerass in 25 pl of total reaction volume. The reaction was caried out

in an autornated themal cycler (PTC 200, MJ research, USA).

11.1 PCR amplification of VP1 region

Amplification of the VP1 region was camied out using the primer set #1 (VP1F &

VP1R} with initial denaturation of 94°C for 4 min followed by 34 cycles of denaturation,

annealing and extension at 94 °C /1 min, 57 °C /1 min and 72 °C /2 min, respectively, and

the final extension was carmied out at 72 °C /8 min. The standardized PCR amplification
yielded a distinct band of 1390 bp in size as expected.
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Table 2. Description of the self designed primers used in the study

Primer Primer Mers Primer Sequence {§'- 3') Amplicon
Set size
#1 VP1F 22 AGC CGA CCC CGA ACC GCA AGA A 1390
VP1IR 23 TCA GGG CTG CGT CCC CCA GTACA
#2 VP2F 21 GCG CAC ATA CCG GTC GGC AGT 713
VP2R 23 GGG GTT CGG CAG CCT CACACT AT
#3 NCRF 20 GGA CGT CAA CTG GGC GAA CA 572
NCRR 20 CCG CCG TTC CCG TGC ATC CA
#4 VP3F 19 ATGAAC GCTCTC CAAGAA G 367
VP3R 20 CTTACAGTC TTATACACCTT




11.2 PCR amplification of VP2 region

Amplification of the VP2 region was carried out using the primer set #2 (VP2F &
VP2R) with initial denaturation of 94°C for 4 min followed by 34 cycles of denaturation,
annealing, extension at 94 °C /1 min, 63 °C /1 min, 72 °C /1 min, respectively and final
extension was carried out at 72 °C /5 min. The standardized PCR ampilification yielded a
distinct band of 713 bp in size as expected.
11.3 PCR ampilification of the Noncoding region of CAV

Amplification of the noncoding region was camied out using the primer set #3
(NCR-F & NCR-R) with initial denaturation of 96°C for 3 min followed by 34 cycles of
denaturation, annealing and extension at 96 °C /1 min, 54 °C /4 min and 72 °C /1 min,
respectively, and the final extension camried out at 72 °C /5 min. The standardized PCR
amplification yielded a distinct band of 572 bp in size as expected.
11.5 Sequencing of the PCR products

The PCR amplified products of different isolates were sequenced in the automated
sequencer (ABI Prism, Japan) by employing the big dye termination kit. Single reaction
comprised of ready reaction mii {2.5X) — 4 Hi, big dye sequencing buffer (5X) — 2 pl, primer
— 3.2 pmoles, template DNA - 5§ pl and nuclease free water upto 20 pl. The reaction was
carried out in a thermal cycler (Eppendorf, USA) for a total number of 50 cycles. The cycle
steps followed were 94°C/4 min (initial denaturation), 94°C/30 sec (cyclical denaturation),
55°C/10 sec (cyclical annealing) and 60°C/4 min {cyclical elongation). After completion of
the reaction, the amplicon was purfied. EDTA (5 ul} and ethanol (100 pl, room
temperature) were added to the reaction mix (20 pl) directly and mixed well. The mixture
was kept at room temperature for 15-30 miin. Later, it was centrifuged at 12,000 rpm for 20
minutes and the supernatant was discarded carefully. The pellst was washed once with 70
pi of the 70% ethanol and dried. Hi-Di formamide was added fo the pellet and mixed well
by gentle vortexing. After a short spin, the mix was denatured at 95°C for 2 min and chilled
on ice immediately for 5 min. The sample was loaded in the automated sequencer (AB!
prism, Japan) and the sequence was obtained,
11.6 Sequence alignment

Using EditSeq and MegAlign programme of Lasergene Software (DNASTAR Inc.,
USA), all the sequences obtained were aligned by Clustal method. The nucleotide
sequences obtained were also translated into amino acid using EditSeq programme and

aligned by Clustal method. For comparisons, the nucleotide and amino acid sequences of
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known reference strains were included. These sequences were downloaded from the
national center for biotechnological information (NCBI) web site. Accession numbers and
other details of these viruses are given in Tabie. 3. Percent divergence and percent
similarities based on the nucleotide and amino acid sequences could also be drawn using
MegAlign programme.
11.7. Phylogenetic analysis

Aligned nuclectide and amino acid Sequenoes were subjected to phylogenetic
analysis on Megalign programme of Lasergene software. Phylogenetic tree (cladogram)
was drawn with unbalanced branches showing branch length proportionate to sequence
divergence.
12. PATHOGENICITY STUDIES OF INDIAN ISOLATES OF CAV

Day-old SPF chicks (n=60) were divided into six groups. Each group comprised of
10 chicks. Group 1 was 'kept as control and groups 2-6 were infected with each CAV
isolate separately. The groups were maintained under strict isolated conditions and high
biosecurity measure was taken to avoid the cross infection. The CAV isolates were
infected at a dose rate of 1 ml cell cutture fluid (10*° TCIDsy/ 0.1mi) per bird intramuscularly
in thigh region. The chicks of all the groups were observed daily for clinical signs and
mortality, and PCV and body weight gain were recorded on 5, 10 and 15 days post
infection. At 15" day, all the birds were sacrificed and gross lesions were recorded in
organs viz., thymus, bone marrow, spleen, liver and bursa. The same organs were
collected for histopathological analysis. The data obtained were analyzed statistically,
wherever needed.
13. MOLECULAR CHARACTERIZATION OF CAV VP1 AND VP2 PROTEINS

The antigenic effect of CAV VP1 and VP2 was studied by cloning and expressing
the proteins in suitable eukaryotic system and the immunogenic and protective effects
were studied in chickens through nucleic acid immunization approach.
13.1. Cloning of CAV-VP1 and VP2 in pVAX vector

The cloning strategy used for the cloning of CAV-VP1 or VP2 genes is depicted in
Fig. 2. The PCR amplified, ge! purified (using Qiex |l gel extraction kit, Qiagen, Germany)
VP1 and VP2 were initially cloned in TOPO-T vector (Invitrogen, USA). The insert was
released by digesting with £co Rl restriction enzyme and the released product was purified
from the gel. It was ligated into the linearised pVAX expression vector using the same
restriction enzyme and dephosphorilated. The ligation mixture was used to transform the

one-shot competent cells (Invitrogen, USA). The colonies obtained were screened for the



Table 3. Description of the CAV Strains with EMBL accession numbers used in

the present study for comparison,

S.No. Isolate/Strain Origin Accession No.
1. Cux-1 Germany M55918

2. 26P4 Netheriands D10068

3. 704 Australia U65414

4. BD-3 Bangladesh AF395114
3. SMSC-1 Malaysia AF285882
B.. SMSC-1P60 Malaysia AF390102

(attenuated)

7. Harbin China AF475908
8. Del Ross USA AF313470
8. 98002152 USA AF311892
10. A2 Japan AB031296
11. TR-20 Japan AB027470
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right orientation by PCR using the T7 promoter primer of vector and reverse primer of the
insert. The clones gave the positive amplification were considered to have right orientation
of the insert. Singe PCR positive clone was grown in 200 ml of the LB media and the
plasmid was purified using plasmid midi prep kit (Qiagen, Germany). The purified plasmid
was used for the sequencing using the T7 promoter sequencing primer to further confirm
the right orientation and presence of gene start, and for the in vitro expression studies.

13.2 In vitro expression studies

Hep 2 cells showing 50% monolayer at 20 hours in 6 wells culture plate was used for the

expression study of the pVAX-CAV-VP1 p!asmid. The in vitro expression of pVAX-CAV-

VP2 was studied in chicken embryo fibroblast ceils. The monolayer cells were transfected

as described below.

1. 6 pg of the plasmid and 12 pl of the lipofectamine plus reagent were mixed in 100 pl of
the OptMEM media in a 1.5 ml sterile microcentrifuge tube and allowed to stand in
room temperature for 15 minutes.

2. 8 pt of the lipofectamine was also mixed in 100 pi of the OptiMEM and kept in room
temperature for 15 minutes.

3. The contents of the above mentioned two steps were mixed together and kept at room
temperature for 15 minutes.

4. The monclayer in the 6 well plate was washed with sterile PBS and 2 ml of growth
media containing 5% FBS was added.

5. Later, 800 pi of the OptiMEM was added dropwise fo the mixture on step 3, it was
mixed well. The mixture was added to the plate dropwise and incubated in a incubator
at 37° C with 5% CO, tension.

6. After 4 hours of incubation, the media over the cells were removed and fresh media
was added.

7. At the end of 48 hours, media was completely removed, cells were washed with PBS,
and fixed using methanol.

13.3 Indirect immunofluorescent staining

The monolayer cefls in 6 well plate was fixed with 3 ml of methanol per well for 30
min at room temperature. After decanting the methanol, the monolayer was washed thrice
using PBS and 1:100 diluted monocional antibodies (R25 and R24, kindly gifted by Dr.

Chinta Lamichhane) was added to the VP1 transfected well. Similarly, 1:100 diluted CAV

positive polyclonal serum was added to the VP2 transfected well. The plate was incubated
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at 4° C overnight. The wells were washed thrice with PBST and 1 ml of 1:30 diluted anti-
mouse FITC (sigma, USA) was added to the VP1- transfected well and 1: 30 diluted antt-
chicken FITC was added to the VP2 transfected well. The plate was incubated for 1 hour
at room temperature. The welis were washed thrice with PBST and 1.5 mi of 50% (v/v)
glycerol saline per well was added. The plate was visualized under a inverted UV
microscope.
13.4 Bulk purification of the pVAX-CAV-VP1 and pVAX-CAV-VP2 plasmids

The recombinant plasmid was grown in 2 liters LB media for 18 hours in an orbital
shaker cum incubator (Gallenkemp, USA). The bacteria were pelieted by centrifugation at
8000 rpm for 10 min. The peliet was lysed by adding the TENS (10mi for every 200 ml of
bacterial culture) and votexing gently. Sodium acetate (3M, 5 ml) was also added fo the
above lysate and vortexed. The lysate was centrifuged at 12,000 rpm for 15 min. The fluid
portion jeaving the peliet was collected and precipitated using 2.5 volume of ethanol by
keeping at —=20°C. The plasmid alongwith RNA was pelleted by centrifugation at 12,000
mpem for 30 min. The pellet was washed once with 70% ethanol, air-dried and dissolved in 3
mi of the TE buffer containing RNAse at a finai concentration of 50 pg/ml and incubated for
1 hour in room temperature. it was extracted twice with phenol: chloroform (1:1) and once
with chioroform, the plasmid in the acquous phase was precipitated using 2.5 volume of
ethanol and 0.3 M concentration of sodium acetate at ~20°C. The pelieted plasmid was
further purified by PEG precipitation as described by Sambrook et af. (1989).
13.5 Protective effect of CAV-VP1 and VP2 proteins

The protective effect of CAV proteins (VP1 and VP2) was studied using the
nucleic acid immunization approach. The PEG purified expression plasmids pVAX-CAV-
VP1 and pVAX-CAV-VP2 wete used for this purpose. The study was camied out in 18
weeks old layer birds and in 18-day-oid SPF embryos by in ovo vaccination approach.
13.5.1 Experimental study using the Layer birds

The experiment in layer birds was aimed to study the usefulness of CAV-VP1 and
VP2 to prevent the verlical transmission of the virus. For this experiment, 30 birds were
divided into three groups (1, 2 & 3) comprising of 10 birds in each group, which included 2
males and 8 females in each. Day prior to immunization, pre-immunization sera samples
were collected from all the birds to check for the presence of CAV antibodies. Birds from
the groups 1 & 2 received the plasmids at a dose rate of 200 ug (100 pg of pVAX-CAV-
VP1 and 100 ug of pVAX-CAV-VP2) per bird. Birds in-group 2 received a booster dose of
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plasmid (same dose) on 15" day from the first dose. Group 3 served as control for the
experiment, which received the pVAX plasmid without any insert at the same dose rate.
The birds in all the groups were monitored weekly 7, 14, 21 and 28 days post vaccination
{DPV) for the cell-mediated immune response (CMI} by lymphocyte transformation assay
and for humoral immune response (HIR) by ELISA. The fertile eggs were collected from 21
DPV and 28 DPV and incubated in the hatchery unit of Central Avian Research Institute
(CARY), lzatnagar. The chicks hatched out were challenged at one day of age with 1 ml of
celt culture fluid having 10*° TCIDsx/0.1ml intramuscularly. The chicks were observed for
clinical signs and mortality; body weight and PCV were taken at 5, 10 and 15 DPI. All the
chicks were sacrificed on 15 DPI humanely and gross lesions were observed in different
organs viz., thymus, bone marrow, spleen, liver and bursa. The number of birds showing
lesions was recorded. Tissues of all these organs were coliected in 10% formal saline for
the histopathological studies and the number of birds showing microscopic lesions was
recorded.

13.5.2 Lymphocyte Transformation Test (LTT) _

The peripheral blood mononuciear cefls were separated as per the method of
Haddad and Mashly (1991). Equal volumes (3 mi) of blood samples. from four chicks of
each group, including control chicks, were separately drawn aseptically from juguiar vein
into stenle syringes containing EDTA (2 mg/ml} and collected in sterile tubes. Each 3 ml of
blood was diluted separately with 2 ml of sterile PBS (pH 7.2) and was layered carefully
over 2 ml of histopaque {(1.077 g/ml, Sigma Chemical Co., USA) in screw capped 15 ml
plastic centrifuge tubes. The tubes were centrifuged at 1500 mpm for 30 min. The interface
layer ring rich in mononuclear cells was collected carefully and washed thrice with PBS by
centrifugation at 1000 rpm for 10 min each time. Washed cells were collected in RPM!I-
Growth Medium. Viability of the cells was ascertained by trypan blue dye exclusion method
and the cells were adjusted to give 5 x 10° viable cells/ml in RPMI-GM.

The MTT colorimetric assay for cellular proliferation was done following the method
described by Bounous ef al (1992), with some necessary modifications. For non-specific
stimulation, Con-A (10 ug/ml) was used, whereas for specific stimulation CAV propagated
in MSB1 cells having an infectivity titre of 10°° TCIDsy/ml at a 1: 10 dilution were used as
antigen. Briefly, 100 ul of the above peripheral blood mononuciear cells suspension of
each group was added to three sets of triplicate culture wells of 96-well, flat-bottomed

tissue culture plates {Coming, USA). The first set of triplicate culture weills (control)
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received 100 pl of RPMI-GM. The second and third sets of triplicate cuiture wells received
100 l of RPMI-GM, containing 20 ug/ml of Con-A (final concentration 10pg/ml) and 100 pl
of CAV antigen, respectively. The plates were incubated at 37°C in a humidified chamber
at 5% CO, tension. After 72 hf. 20 pl of MTT dye solution (5 mg/mi} was added to all the
wells and incubated further for 4 hr, following which the plate was centrifuged at 1200 rpm
for 15 min. The supernatant was removed carefully from all the wells and then 150 pi of
DMSO was added in each well for the extraction of MTT formazan from the cells. The
contents were mixed properly and after 15 minutes, the OD of wells was measured at a
test wavelength of 510 nm and a reference wavelength of 650 nm. Stimulation index (Si}
was calculated by dividing the OD value of stimulated with the OD of unstimulated.
13.5.3 Detection of CAV antibodies by ELISA

The antibody against CAV was detected by employing the CAV antibody
detection kit as described by the manufacturer. (Synbiotics, USA. Kindly gifted by Dr.
Chinta Lamichinne). The titre was caiculated as described by the manufacturers
equation. Briefly, the optical density of average positive serum and average normal
control serum was calculated from the three welis of each plate. The corrected
positive control value was calculated by subtracting the average normal control value
from the average positive confrol value. The sample to positive ratio was calculated
by subtracting the average normal serum from each sample absorbance and the

difference was divided by the corrected positive controi. The equation is given below.

(Sample absorbance) - (Average normal control serum)
SP=

Corrected positive control absorbance

The ELISA tire was calculated using the foliowing calculation as suggested by the
manufacturer.
Logs Titre =(1.009 X Logs, SP) + 3.628
Titre = Antilog of log 10 Titre.
13.6 In ovo vaccination

In ovo vaccination was carried out in 18-day-old SPF embryos as described
by Kapczynski ef al. (2003). Forty embryos were divided into two groups containing
20 embryos in each. Embryos in the group 1 received 100 pg of expression plasmids
(50 pg of pVAX-CAV-VP1 and 50 pg of pVAX-CAV-VP2) per embryo. The chicks

from the two groups were hatched out separately and reared in strict isolated

38



conditions. After hatching, the groups were made to 15 in each. The sera samples
were collected on 7, 14, 21 and 28 days post hatching to monitor the antibody
development. The chicks were challenged on 15" day with the chicken anemia virus
at a dose of 1 ml {10*°TCIDs/ 0.1ml) per bird intramuscularly, The chicks were
observed for the clinical symptoms and mortality daily. The PCV and body weight
was taken in 5,10 and 15 days post infection. At 15th day post challenge, all the
chicks were sacrificed humanely and gross lesions were observed in different organs
viz., thymus, bone marrow, spleen, liver and bursa. The number of birds showing
lesions was recorded. All these tissues were also collected in 10% formal saline for
the histopathological studies and the number of birds showing microscopic lesions
was recorded.
14, ANTINEOPLASTIC EFFECT OF THE CAV-VP3 PROTEIN
14.1 PCR amplification of the VP3 gene

The PCR ampiification of the CAV-VP3 gene was camied out using the primer set
#4 (VP3F & VP3R). The reaction was camried out with an inifial denaturation of 3 min
followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 58°C for 1 min, and
extension at 72°C for 1 min, and the final extension carried out at 72°C for 5 min. The
specific PCR amplified product of 367 bp was purified from the gel and used for cloning
into the expression vector.
14.2 Cloning of the VP3 gene

The CAV VP3 gene was cioned in the pVAX similarly as described for the VP14
and VP2 in section 13.1.
14.3 Analysis of in vitro expression

The plasmid for in vitro expression study was purified using the plasmid Midi prep
kit (Qiagen, Germany). /n vitro expression of pVAX-CAV-VP3 was analyzed in the Hep 2
cells by indirect immunofluorescent assay as described eadier in section 13.3. For the

fluorescent staining, CAV positive polyclonal sera and anti-chicken FITC conjugate were

used.
14.4 Bulk purification of the pVAX-CAV-VP3
The expressicn plasmid pVAX-CAV-VP3 was bulk purified using the Mega/Giga

plasmid purification kit as described in the manufacturers protocol (Qiagen, Germany).
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14.5 In vitro study of anti-neoplastic effect of VP3

VP3 expression plasmid PVAX-CAV-VP3 was transfected in RSV transformed
CEF cells and cytomorphalogical alterations were studied by acridine orange- ethidium
bromide staining and indirect immunofluorescence technique.

Chicken embryo fibroblast (CEF) celf cultures were prepared from 10-11 day-old
chicken embryos as per the method described by Merchant ef al (1960) with slight
modifications. The eggshells were thoroughly cleaned with cotton wool, moistened with
70% alcahol and cut open at previously marked air space. With the help of sterile forceps,
the embryos were removed out and then washed thrice with Hank's balanced salt solution
(HBSS). Using sterile scissors, the head and appendages of the embryos were separated
from the body and the abdominal wall was cut open to remave the visceral organs. The
tissues were then washed with sterile HBSS and were finally minced into very small
pieces. The minced tissues were suspended in ten times the volume of 0.25% trypsin
solution (kept warm at 37°C), added to trypsinization flask and stired on a magnetic stimer
for 16 min at room temperature. The celi suspénsion was then filtered through a gauge
filter and cells in the fiitrate was peileted by centrifuging at 2000 rpm for 10 min and then
washed twice in HBSS and once in growth medium {Glasgow Modified Eagle's Medium
with 10% serum). The cell concentration was adjusted to 2 x 10° cells per mi of growth
medium (approx. 1:200). The freeze-dried Rous sarcoma virus was dissolved in 1ml of
HBSS and filtered in G.4-micron syringe filler. The filtrate was mixed with CEF cells and
seeded in 6 well culture plate (2 ml per well} and incubated in a CO; incubator. After 24 hr,
the monolayer cells were transfected with CAV VP3 recombinant plasmid pVAX-CAV-VP3
and apoptotic changes were sfudied by indirect immunofluorescence technique and
acridine orange- ethidium bromide staining.

14.6 /n vivo study of anti-neoplastic effect of VP3

SPF chicks were divided into four groups with 10 chicks in each were used for
studying the anti-neoplastic effect of CAV VP3. The experiment was camied out as per the
following schedule.

Group 1 - RSV inoculated on day 1 and pVAX plasmid was injected intra-tumoraly on day
10.

Group2 - RSV inoculated on day 1 and pVAX-CAV-VP3 plasmid was injected intra-
tumoraly  onday 10.
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Group 3 - pVAX plasmid was injected intramusculary on day 1 and RSV was inocuiated
on day 10.
cAy-vyF3 L. . ,
Group 4 - pVAX-plasmid was injected intramuscularly on day 1 and RSV was inoculated
on day 10.
In group 1 and 2, all the birds were sacrificed at 20" day of age to study the

bodyweight. tumor ratio and tumor tissues were collected. The collected tissues were
analyzed for the cytomorpholegical changes of apoptosis.

Acridine orange - Ethidium bromide staining: Fine cryosections of 2-3 pm of tumor
tissues were cut in the cryotome (IEC, UK). The sections were fixed in clean microscopic
slides by keeping in chilled acetone for 15 min. The fixed slides were stained as described
below.

Fluorescent Antibody Technique: The sections made as described earlier were washed
thrice in PBS and 1:50 a diluted anti-CAV chicken serum was added. The slide was
incubated for 1 hour at 37° C in a moist chamber. Then, it was washed thrice with PBST
and 1:30 diluted anti-chicken FITC conjugate was added and incubated for 1 hour at 37°
C. After washing thrice, the slide was air-dried and 20 pt of 50% glycerol saline was added.
Coverslip was placed in a glass slide and visualized under the UV microscope (Nikon,
Japan).

Histopathology: The tumor tissues were collected in 10% formalin and fine sections
made in microtome. The sections were stained using hematoxylin and eosin stains and

studied for the apoptotic changes under microscope.
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RESULTS

—

1. VIRUS PROPAGATION AND CONFIRMATION

Ali the CAV field isolates were adapted in MDCC-MSB-1 cells. The cytopathic
changes of cellular degeneration were observed after 5 - 6 subculturing of the infected
cells. The virus growth in MSB-1 cells was further confirmed by CAV-specific PCR using
the DNA extracted from the infected MSB-1 cells (Fig. 3) as reported by Dhama et af.
(2002).
2. MOLECULAR CHARACTERIZATION OF CAV
2.1 PCR ampilification of different regions of CAV genome

The primer sets of #1, #2 and #3 were used for the amplification of VP1, VP2 and
non-coding regulatory sequence of CAV genome, respectively. PCR amplification using
primér set #1 yielded a specific product of 1380 bp (Fig. 4). PCR amplification using primer
set #2 and #3 yielded specific products of expected size i.e. 713 and 572 bp (Fig. 5 and
Fig. 8), respectively. The PCR amplified products were confimed by their expected size in
agarose gel, RE analysis and nucleotide sequencing.
2.2 Restriction endonuclease analysis

The purified VP2 products of isolate A, B, C, E and P were digested with Hae il
and Mbolenzymes.  Analysis of the amplified VP2 region of different isolates using the
restnction enzyme Hae |l revealed that CAV-E was different from other isolates (Fig. 7)
whereas Mbo | enzyme did not reveal any difference among the CAV isolates (Fig. 8).

Restriction profile study of PCR amplified VP1 region of different isolates revealed
differences amory) the Indian isolates. Hha | enzyme differentiated CAV-A, Bor P and E
isolates by yielding different pattern (Fig. 9). With Dde | enzyme the isolates could he
assigned two groups in which A and E in one and B and P in another (Fig. 10), whereas
Sac | digestion grouped A and P isolates together. and B and E together in two groups
separately (Fig. 11). Hae |ll digestion of the PCR amplified VP1 differentiated CAV-E from
CAV-A, B and P isolates (Fig. 12). Using these three enzymes all the Indian isolates could
be differentiated.
2.3 Sequence alignment

A nucleotide sequence portion of 1766 bp containing the complete coding region of
VP2 (which also included the VP3) and partial coding region of VP1 protein of four indian
isolates A, B, E and P were aligned in the MegAlign programme of Lasergene Software
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{DNA STAR, USA). The alignment report is presented in Fig.13. The alignment of deduced
partial 431 amino acid sequence of VP1 of four CAV isolates (A, B, E and P) is also given
in Fig. 14. Similarly the deduced VP2 amino acids sequences of five Indian CAV isolates
(A, B, C, E and P) were aligned with the sequence of foreign isclates and alignment report
is givenin Fig. 15.

24 Sequence analysis

Analysis of the nuclectide sequence of 1766 bp from position 386 to 2151 (as per
Meehan et al., 1992) revealed 12 to 52 nucleotides variation in Indian isolates. A maximum
variation of 52 nucleotides was observed in CAV-E isolate followed by 15 nucleotides in
CAV-P, 13 in CAV-A and 12 nuclectides in CAV-B. Though 52 nuclectide changes in
CAV-E were observed but it resulted in ohly 5 amino acids changes. CAV-E showed a
maximum variation of 4% among the Indian isolates, however, the total variation ranged
from 0.5 to 4.0% The CAV-E isolate had a maximum identity with the Australian 704
(99.3%) foliowed by Japanese strain TR-20 (99.2%) and Malaysian SMSC-1 (99%). All the
indian and foreign CAV isolates used for analysis showed overall nucleotide variation of
0.2 to 4.1% (Table 4). The Indian isolate CAV-B and CAV-P had maximum identity of >
99% with Bangladesh isolate BD-3 whereas isolate CAV-A was very close to the
European Cux-1 strain.

The partial coding nucleotide sequence of the VP1 region of CAV was translated
into amino acid sequence using EditSeq programme of the Lasergene Software. The
deduced partial 431 amino acids sequence alignment of VP1 revealed the occumence of
maximum variation of 7 amino acids in CAV-P, of which at positions 144 {H}), 262 (D) and
275 (F) were found specific to the isolate. The other isolates CAV-A, B and E showed only
5, 6 and 5 amino acids variation, respectively. The amino acid variation at 144 (D) was
specific for CAV-A isolate. No specific variation of amino acid unique to the isolate was
observed in CAV-B. Amino acid identity based on the partial VP1 sequence (431 aa)
indicated that the overall variation ranged from 0 to 2.8% (Table. 5). Among the Indian
isolates, the variation ranged from 0.7 to 2.1%. CAV-E showed 100% identity with the
Australian 704 strain. Similarly, CAV-B showed 100% identity to Bangladesh BD-3 strain
while CAV-A had 99.5% identity to the European Cux-1 strain.

Analysis of deduced complete 216 amino acids sequence of VP2 protein of the
Indian isolates revealed only one amino acid variation at position 149 in CAV-A and one at

position 186 in CAV-E. Amino acid alignment of the VP2 (216 aa) region showed variation

43



Fig. 13. Alignment of nucleotide sequences of 1766 bp coding region of
different chicken anaemia viruses. Nucleotides differing from
majority are boxed.
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41
11
41
41

81
8l
a8l
8l
g1
81
81
81
81
81
81
81
81
gl
g1

ATGCACGGEGAACGGCGGSACARACCGGCCGCTGGGEGGCAGT q
T T T
10 20 30 40
1 L 1 1
ATGCACGGGAACGGCGGACAARCCGGCCGCTGEGGEGEGCAGTG
ATGCACGGGAACGGCGGACAACCGGCCGCTGGGGGCAGTG
ATGCACGGGAACGGCGGACAACCGGCCGCTGGGEGGCAGTG
ATGCACGGGAACGGCGGACRACCGGCCGCTGGGGGCAGTG
ATGCACSGGAACGGCGGACAARCCGGCCGCTGGEGEGGGCAGTG
ATGCARACGGGAACGGCGGACAACCGGCCGCTGGGGGCAGTG
ATGCACGGGAACGGCGGACAACCGGCCGCTGGGGGCAGTG
ATGCACGGGAACGGCGGACARAACCGGCCGCTGGGGGCAGTG
ATGCACGGGAACGGCGGACARCCGGCCGCTGGGGGCAGTG
ATGCACGGGAACGGCGGACAACCGGCCGCTGGGGGCAGTG
ATGCACGGGARCGG CiSIIA CAACCGGCCGCTGGEGGGCAGTG
ATGCACGGGARCGGCGGACAARACCGGCCGCTGGGGGCAGTG
ATGCACGGGAACGGCGGACABRCCGGCLCGCTGGGGGCARAGTAG
ATGCRARCGGEGAHRMR ClE[]C GGACAARACCGGCCGCTGGEGEGGCAGTG
ATGCACGGGAACGGCGGACRARACCGGCCGLCTGGEGEGGCAGTOG
AATCGGCGCTTAGCCGAGAGGGGCARCCTGGGCCCARGCGEG
T ¥ T T
50 60 10 80
1 1 1 L
AATCGGCGCTTAGCCGAGAGGGGCARCCTGGGCCCAGCGG
AATCGGCGCTTAGCCGAGAGGGGCARCCTGGEGGCCCAGCGG
AATCGGCGCTTAGCCGAGAGGGGCAACCTGGGCCCARGCGG
AATCGGUCGCTTAGCCGAGAGGGGCARCCTGGEGCCCAGEGSS
AARTCGGCGCTTAGCCGAGAGGGGCARCCTGSGGGCCCAGREGG
AATCGGCGCTTAGCCGAGAGGGGCAACCTGGGCCCAGCGGG
AARTCGGCGCTTAGCCGAGAGGGEGCARACCTGGGCCCAGCGS
AARATCGGCGCTTAGCCGAGAGGGGCARACCTGGGCCCAGCGEG
AATCGGCGCTTAGCCGAGAGGGGCARCCTGGGCCLCAGCGEG
AATCGGCGCTTAGCCGAGAGGGGCAARCCTGGGCCCAGCGS
AATCGGCGCTTAGCCGAGAGGGGCARCCTGGGCCCAGCGG
ARTCGGCGCTTAGCCGAGAGGGGCAACCTGGGCCCAGCGG
AATCGGCGCTTAGCCGAGAGGEGGCAACCTGGGCCCAGCGG
AARATCGGCGCTTAGCCGAGAGGGGC AIICTC TGGGCCCAGCGGG
ARTCGGCGCTTAGCCGAGAGGGGCAACCTGGGCCCAGCGS
AGCCGCGCAGGGGCAAGTAATTTCAAATGARCGCT CTCCA
T T 1 T
90 100 lia 120
1 1 L] | 8
AGCCGCGCAGGGGCAAGTAATTTCAARARATGARCGCTCTCCHA
AGCCGCGCAGGGGCAARGTAATTTCARARAATGAACGCTCTCCA
AGCCGCGCAGGGGCARGTARBRTTTCARATGAACGCTCTCCA
AGCCGCGCAGGGGCAAGTAATTTCAARARTGARCGCTCTCCA
AGCCGCGCAGGGGCAAGTAARARTTTCARAAATGAARACGCTCTCCA
AGCCGCGCAGGGGCAAGTAATTTCAAATGAACGCTCTCCA
AGCCGCGCAGGGGCAARGTAATTTCARATGAACGCTCTCCHA
AGCCGCGCAGGGGCAAGTAATTTCAARTGAACGCTCTCCA
AGCCGCGCAGGGGCAAGTAATTTCAAATGAACGCTCTCCA
AGCCGCGCAGGGGCAAGTAATTTCABATGAAC G[:]T CTCCRHA
AGCCGCGCAGGGGCAAGTAATTTCARBTGAACGCTCTCCA
AGCCGCGCAGGGGCAAGTARATT TCAAATGARCGCTCTCCA
AGCCGCGCAGGGGCAAGTAATTTCAAATGARCGCTCTCCA
ARGCCGCGCAGGGGCAAGTAATTTCAAATGARAACGCTCTCCA
AGCCGCGSGCRGGGGCARMGTART TTCRRATGARCGCTCTCCA

Majority

CAV -A {(India}
CAV -B {(India}
CAV -E (India)
CAV -P (India)
Cux-1(Germany}
26P4 {Metherlands}
7G4 {Australia)
TR-20 (Japan)

BD-3 {Bangladesh)
98D02152 {USA}
Harbin (China)
SMSC-1P60 {Malaysia}
SMSC-1 (Malaysia}
Del Ros (USA)

AZ {Japan}

Majoricy

CAY -A (India}
CR¥ -B (India}

CAV -E (Tndiaj)
CAY ~P {India)
Cux-1{Germany)
26F4 {Netherlands)
704 (Australia)
TR-20 {Japan)

BD-3 (Bangladesh)
98D02152 ({USA}
Harbin {(China)
SMSC-1P60 (Malaysia)
SMSC~-1 (Malaysia}
Dal Rosa (USA}

A2 (Japan)

Majority

CAV -A
CAV -B

{India)
{India)
CAY -E (India)
CARV ~P (India)
Cux-1 {Germany)
26P4 (Netherlands)
704 (Australia)
TR-20 (Japan}

BD=-3 {Bangladesh)
98002152 (USA}
Harbin ({China)
SMSC-1P60 (Malaysia)
SMSC~1 (Malaysia}
Del Ros (USA)

A2 {Japan)



121
121
121
121
121
121
121
121
121
121
121
121
121
121
121

181
161
161
161
16l
161
161
isl
16l
lel
161
161
16l
161
16l

201
201
201
201
201
201
201
201
201
201
201
201
201
201
201

C A Majority
T

{India)
{India)

-E (India)

CAV -P (India})
Cux-1 {Germany)
26P4 {Netherlands)
704 (Australia)
TR~20 {Japan)

BD-3 ({Bangladesh}
98D02152 (USA)
Harbin (China)
SMSC-1P60 {Malaysia)
SMSC-1 (Malaysia)
Del Ros (USA}

A2 (Japan)

CAV -A
-B

A G Majority

AGAAGATACTCCACCCGGACCATCAACGGTGTTCAGGTC
T T T
130 149 150 160
X \ L i
AGAAGATACTCCACCCGGACCATCAACGGTGTTCAGGCCA
AGAAGATACTCCACCCGGACCATCARCGGTGTTCAGGCCA
AGAAGATACTCCACCCGGACCATCAACGGTGTTCAGGCCA
AGAAGATACTCCACCCGGACCATCARCGGTGTTCAGGCCHA
AGAAGATACTCCACCCGGACCATCAACGGTGTTCAGGCCA
AGAAGATACTCCACCCGGACCATCAACGGTGTTCAGGCCA
AGAAGATACTCCACCCGGACCATCAARCGGTGTTCAGGCCA
AGAAGATACTCCACCCGGACCATCARCGGTGTTCAGGCCA
AGAAGATACTCCACCCGGACCATCARCGGTGTTCAGGCCHA
AGAAGRARTARCTCCACCCGGACCATCAARACGGTGTTCAGGCCHA
AGAAGATACTCCACCCGGACCATCAACGGTGTTCAGGCCA
AGAAGATACTCCACCCGGACCATCAACGGTGTTCAGGCCA
AGAAGATACTCCACCCGGACCATCARCGGTGTTCAGGCCA
AGAARARGATACTCCACCCGGACCATCRAARCGGTGSGTTCAGGCCA
AGAAGATACTCCACCCGGACCATCAACGGTGTTCAGGCCA
CCAACAAGTTCACGGCCGTTGGAAACCCCTCACTGCAG
T T T T
170 180 190 200
! . 1 1 i
CCAACAAGTTCACGGCCGTTGGAARACCCCOCTCACTGCAGAG
CCAACAAGTTCACGGCCGTTGGAARCCCCTCACTGCAGASG
CCARAACAAGTTCACGGCCGTTGGAARCCCCTCACTGCAGAG
CCAACAAGTTCACGGCCGTTGGARACCCCOCTCACTGCAGAG
CCAACARAGTTCACGGCCGTTGGAAACCCCTCACTGCAGAG
CCAACAAGTTCACGGCCGTTGGAARCCCCTCACTGCAGAG
CCAACAAGTTCACGGCCGTTGGAARCCCCTCACTGCAGAG
CCAACAAGTTCACGGCCGTTGGAAARCCCCTCACTGCAGAG
CCAARCAAGTTCACGGCCGTTGGAAACCCCTCACTGCAGAG
CCAACAAGTTCACGGCCGTTGGARACCCCTCACTGCAGAG
CCAACAAGTTCACGGCCGTTGGAAACCCCTCRARCTGCAGAG
CCAACAAGTTCACGGCCGTTGGARACCCCTCACTGCAGAG
CCAACAAGTTCACGGCCGTTGGAAACCCCTCACTGCAGHAG
CCAACAAGTTCACGGCCGTTGGARACCCCTCACTGCAGAG
CCAACAAGTTCACGGCCGTTGGAARCCCCTCACTGCAGAG
AGATCCGEGATTGGTATCGCTGGAATTACAATCACTCTATC
T T T T
210 220 230 240
! ) s 1
AGATCCGGATTGGTATCGCTGGAATTACARAATCACTCTATC
AGATCCGGATTGGTATCGCTGGARTTACRATCACTCTATC
AGATCCGGATTGGTATCGCTGGAARTTACAATCACTCTATC
AGATCCGGATTGGTATCGCTGGRATTACAARTCACTCTATC
AGATCCGGATTGGTATCGCTGGAATTACAATCACTCTATC
AGATCCGGATTGGTATCGCTGGAATTACARTCACTCTATC
AGATCCGGATTGGTATCGCTGGAATTACARTCACTCTATC
AGATCCGGATTGGTATCGCTGGARTTACAATCACTCTATC
AGATCCGGATTGGTATCGCTGGAATTACAATCACTCTATC
AGATCCGGATTGGTATCGCTGGAATTACAARATCACTC CTATC
AGATCCGGATTGGTATCGCTGGAARATTACARATCACTC CTATC
AGATCCGGATTGGTATCGCTGGARTTACARTCACTCTATC
AGATCCGGATTGGTATCGCTGGARTTRCAATCARCTCTATC
AGATCCGGATTGGTATCGCTGGAATTACAATCACTC CTATC
AGATCCGGATTGGTATCGCTGGAATTACAATCACTCTARTC

CAV
CAV -B

=A {(India}
{India}
CAV -E {India)

ChAVY ~P (India)
Cux-1 (Germany)
26P4 (Netherlands)
704 (Australia}
TR~20 (Japan)

BD-3 {Bangladesh)
$8D02152 (UBR)
Harbin ({China)
SMSC-1P60 {Malaysia)
SM5C-1 (Malaysia)
Del Ros (0S5A)

A2 {Japan)

Majority

~A (India)

=B {India}

CAY -E (India)
CAY =P ({India)
Cux-1 {Germany)
26P4 (Netherlands}
704 {(Australia)
TE~-20 {Japan}

BD-3 {Bangladesh]
98002152 (USA})
Harbin (China}
SHSC-1P&0 {(Malaysia}
SM3C-1 (Malaysia}
Del Roa (USA)

AZ (Japan}



241
241
241
241
241
241
241
241
241
241
241
241
241
241
241

281
2Bl
281
281
281
281
281
281
281
2891
281
281
28l
281
281

3zl
321
321
3zl
2l
a2
321
321
321
321
3zl
a2l
321
321
321

G A Majority
1

GCTGTGTGGCTGCGCGAATGCTCGCGCTCCCACGCTAA
T T 1
250 260 270 280
1 1 i 1
GCTGTGTGGCTGCGCGAATGCTCGCGCTCCCACGCTAAGA
GCTGTGTGGCTGCGCGARTGCTCGCGCTCCCACGCTAAGA
GCTGTGTGGCTGCGCG A[:]T GCTCGCGCTCCCACGCTARGHSA
GCTGTGTGGCTGCGCGARTGECTCGCGCTCCCACGCTRARAGA
GCTGTGTGGCTGCGCGARTGCTCGCGBCTCCCACGCTRAGHSA
GCTGTGETGGCTGCGCGARTGUCTCGCGCTCCCACGCTARGRA
GCTGTGTGGCTGCGCGAARTGCTCGCGCTCCCACGCTRARAGA
GCTGTGTGGCTGCGCGARATGCTCGCGCTCCCACGCTARARAGRA
GCTGTGTGGCTGCGCGAATGCTCGCGCTCCCACGCTRAGA
GCTGTGTGGCTGCGCGAATGCTCGCGCTCCCACGCTARAGHSA
GCTGTGTGGCTGCGCGARTGCTCGCGCTCCCRARCGCTARGHA
GCTGTGTGGCTGCGCGAATGCTOUGCGCTCCCACGCTRAGA
GCTGTGTGGCTGCGCGAATGCTCGCGCTCCCACGCTARGA
GCTGTGTGGCTGCGCGARTGCTCGCGCTCCCACGCTAAGA
GCTGTGTGGCTGCGCGARTGCTCGCGCTCCCACGCTARGHA
TCTGCARCTGCGOACARTTCAGAARAGCACTGGTTTCARGA A
1 T T T
250 300 310 320
1 i 1 1
TCTGCARCTGCGOGGACARTTCAGARARARGCACTGGTTTCARAGA
TCTGCAACTGCGGACAATTCAGAAAGCACTGGTTTCRAAGA
TCTGCAACTGSGCGGACARTTCAGAARAGCACTGGTTTCARAAGA
TCTGCARCTGCGGARCAATTCAGARAGCACTGGTTTCAAGHA
TCTGCAACTGCGGACARARARTTCRARGAARAAGCACTGGTTTCAAGA
TCTGCAACTGCGGA CJAIE TTCAGRARGCACTGGTTTC CARGA
TCTGCAACTGCGGACAARTTCAGAARAGCACTGGTTTCARAGA
TCTGCARCTGCGGACAATTCAGAA Ali(ih CTGGTTTCAAGA
TCTGCAACTGCGGACAATTCAGAARAIMCACTGGTTTC CAAGA
TCTGCAACTGCGGACAARTTCAGAARAAGCACTGGTTTCARAAGA
TCTGCAACTGCGGACAATTCAGARAGCACTGGTTTC CAAGA
TCTGCAACTGCGGACAATTCAGARAGCACTGGTTTCARGA
TCTGCARCTGCGGACAATTCAGAAAGCARACTGGTTTC CAAGA
TCTGCAACTGCGGACAATTCAGAARAAGCACTGGTTTCAAGA
TCTGCAACTGCGGACAATTCAGARARGCACTGGTTTCARAAGA
ATGTGCCGGEACTTGAGGACCGATCAACCCAAGCCTCCCTC
3 T ] T
3%0 310 : 3?0 3?0
ATGTGCCGGACTTGAGGACCGATCARCCCAARGCCTCCCTC
ATGTGCCGEGACTTGAGGACCGATCAACCCAAGCCTCCCTC
ATGTGCCGGACTTGAGGACCGATCARCCCAAGCCTCCCTOC
ATGTGCCGGACTTGAGGACCGATCARCCCAAGCCTCLCCTC
ATGTGCCGGACTTGAGGACCGATCARCCCAAGCCTCCLCTC
A TlEI!G CCGGACTTGAGGACCGATCARCCCARGCCTCCCTOC
ATGTGCCGGACTTGAGGARCCGATCA AIICIC ARGCCTCCCTC
ATGTGCCGGACTTGAGGACCGATCAACCCARAGCCCTCCCTC
ATGTGCCGGACTTGAGGACCGATCAARCCCAAGCCTCCCTC
ATGTGCCGGARCTTGAGGACCGATCAACCCAAGCCTCCCTC
ATGTGCCGGACTTGAGGACCGATCAACCCAAGCCTCCCTC
ATGTGCCGGACTTGAGGACCGATCAACCUARGCCTCCCTC
ATGTGCCGGACTTGAGGACCGATCARCCCARARGCCTCCCTC
ATGTGCCGGACTTGAGGACCGATCAACCCAAGCCTCCCTC
ATGTGCCGGACTTGAGGACCGATCAACCCARAGCCTCCCTC

CAV -A
CAV -B

{India}
{India}
CAV -E (India}

CAY -P {India)
Cux-1{Germany)
26P4 {Metherlands)
704 {Australia)
TR~20 {Japan)

BD~3 (Bangladesh}
98D021%52 (USA)
Harbin {China}
SMSC-1P60 (Malaysia)
SMSC-1 {Malayaia}
Del Ros (USA)

A2 (Japan)

Majority

CAV -A
CAV -B

{India)
{India)

CAV -E ({India)}
CARV -P (Ipdia)
Cux-1 {Germany)
26P4 (Netherlands)
704 {Rustralia)
TER-20 {Japan}

BD=-3 (Bangladesh)
98D02152 (USA)
Harbin {China}
SMEC-1P6&60 (Malayaia)
SMSC-1 (Maleysia)
Del Ros (USA)

A2 {Japan}

Majority

CaV -A {India)
CAV -B {India}

CAV -E {India}

CAY -F (India)
Cux-1{Germany)
26P4 {Natherlands)
704 {Australia}
TR-20 (Japan)

BD-3 {Bangladeasah}
28D02152 (USA)
Harbin {China)
SMSC-1P60 (Malayaia)
SM8C-1 (Malaysia}
el Ros {(UJSA)

A2 {(Japan}



36l
361
361
36l
36l
361
36l
36l
36l
36l
361
361
361
361
361

401
401
401
401
401
401
401
401
4101
401
401
401
401
401
401

441
4§41
441
441
441
441
441
441
4d]
441
441
441
441
441
441

GAAGAARGCGATCCTGCGACCCCTCCGAGTACAGGGTAAGC Majority

1 1 L] §

370 kL] 3o 400

I i i L
GAARGARGCGATCCTGCGACCCCTCCGAGTACAGGGTAAGC CAV -A (India)
GARGAAGCGATCCTGCGACCCCTCCGAGTACAGGGTARAGC CAV ~-B {India)
GAAGARGCGATCCTGCGACCCCTCCGAGTACAGGGTAAGC CAV -E {India)
GARGARAGCGATCCTGCGACCCCTCCGAGTACAGGGTAAGC CAV -P {India)
GAARGAAGCGATCCTGCGACCCCTCCGAGTACAGGGTAAGC Cux-1{Germany)
GAAGABRGCGATCCTGCGRCCCCTCCGAGTACAGGGTAARAGC 26P4 (Hetherlands)
GAAGAAGCGATCCTGCGACCCCTCCGAGTACAGGGTAAGC 704 (Rustralia)
GAAGAAGCGATCCTGCGACCCCTCCGAGTACAGGGTAARGC TR-20 (Japan)
GAARGAAGCGATCCTGCGACCCCTCCGAGTACAGGGTARGC BD-3 (Bangladesh)
GAAGAAGCGATCCTGCGACCCCTCCGAGTACAGGGTAAGC 98D02152 {USA}
GAAGARGCGATCCTGCGACCCCTCCGAGTACAGGGTAAGC Harbin (China)
GAAGAARGCGATCCTGCGACCCCTCCGAGTACAGGGTAARAGC SMSC-1P60 [(Malaysia)
GARAGAAGCGATCCTGCGACCCCTCCGAGTACAGGGTAAGC SMSC-1 {Malaysia)
GAARGAAGCGATCCTGCGACCCCTCCGAGTACAGGGTAAGTC Del Ros (USA)
GABGARGCGATCCTGCGACCCCTCCGAGTACAGGGTAAGC A2 (Japan)
GAGCTAAARGAARAGCTTGATTACCACTACTCCCAGCCGAC Majority

1 ¥ L] +

410 420 430 440

1 1 1 1
GAGCTARRARGAAAGCTTGATTACCACTACTCCCAGCCGAC CAV -A {India)
GAGCTAARARGAARGCTTGATTACCACTACTCCCAGCCGAC CAV -B (India)
GARGCTAAARGAAAGCTTGATTACCACTACTCCCAGCCGAC CAV -E (India)
GAGCTAAARGAARGCTTGATTACCACTACTCCCAGCCGAC CAV -P {India}
GAGCTAAARAARGAAAGCTTGATTACCACTACTCCCAGCCGAC Cux-1(Germany}
GRGCTARABRGAAARICTTGATTACCACTACTCCCAGCCGAC 26B4 (Netherlands)
GAGCTAARAGAAAGCTTGATTACCACTACTCCCAGCCGAC 704 (Australia}
GAGCTAAAARGRAARGCTTGATTACCACTACTCCCAGCCGAC TR-20 {Japan}
GAGCTAARAAGRAAGCTTGATTACCACTACTCCCAGCCGAC BD-3 (Bangladesh)
GAGCTAAARGARAGCTTGATTACCACTACTCCCAGCCGAC 98D02152 (USA)
GAGCTAARAGAAAGCTTGATTACCACTACTCCCAGCCGAC Harbin (China)
GAGCTAAAAGAAAGCTTGATTACCACTACTCCCAGCCGAC SMSC-1P60 (Malaysia)
GAGCTAAAAGAAAGCTPGATTACCACTACTCCCAGCCGAC SM3C-1 (Malaysia)
GAGCTARRAAGAARAGCTTGATTACCACTACTCCCAGCCGATC Del Ros (USA)
GAGCTARAAAGAARGCTTGATTACCACTACTCCCAGCCGAC A2 {(Japan)
CCCGAACCGCAAGARGGTGTATARGACTGTAAGATGGCHAR Majority

I 1 ] ]

450 460 470 480
cccGAalglccGCAA|lA|/ARGGTGTATAAGACTGTARGATGGCAA CAV -A {India)
CCCGARCCGCAAGAAGGTGTATAAGACTGTAAGATGGCAA CAV ~B {India)
CCCGAACCGCARAGAAGGTGTATAAGACTGTARGATGGCARA CAV -E (India)
CCCGARCCGCAAGAARGGTGTATAAGACTGTAAGATGGCAA CAV -F (India)
CCCGARCCGCARRBAAGG[CIGTATAAGACTGTAAGATGGCRARA Cux-1(Gezmany)
CCCGAACCGCAARGAARGGTGTATAAGACTGTAAGATGGCAA 26P4 (Netherlands)
CCCGAACCGCAAGAAGGTGTATAAGARCTGTAAGATGGCAA 704 (Australia)
CCCGAARCCGCARGAAGGTGTATAAGACTGTAAGATGGCAA TR-20 (Japan)
CCCGAACCGCAAGARGGTGTATAARGACTGTARGATGGCARA BD-3 (Bangladesh)
CCCGAACCGCAAGAAGGTGTATARGACTGTAAGATGGCAA 99D02152 (USA)
CCCGAACCGCAAGAAGGTGTATARAGACTGTRAGATGGCAA Harbin {China)
CCCGARCCGCARGRAGGC/GTATAAGACTGTAAGATGGGCARA SMSC-1P60 (Malaysia)
CCCGAACCGCAARGAAGGTGTATAARGACTGTARGATGGCAR 5M5C-1 {Malaysia)
CCCGARACCGCAAGAAGGTGTATAARGACTGTARGATGGCAA Del Ros (USA)
CCCGAACCGCAARAGAAGGTGTATAAGACTGTAAGATGGCAA A2 (Japan)



481
481
481
481
481
481
481
481
481
481
483
481
181
481
481

521
321
521
521
S21
521
521
521
521
521
521
521
521
521
521

561
561
561
561
561
561
Sel
561
5361
561
561
561
561
561
561

GACGAGCTCGCAGACCGAGAGGCCGATTTTACGCCTTCAG Majority

1 1 1 ]

4?0 5?0 51l0 52'0
GACGAGCTCGCAGACCGARGAGGCCGATTTTACGCCTTCAG CAV -A {India}
GACGAGCTCGCAGACCGAGAGGCCGATTTTACGCCTTCAG CAV -B {India)
GACGAGCTCGCAGACCGAGAGGC[A/GATTTTACGCCTTCAG CAV -E {India)
GACGAGCTCGCAGACCGAGRGGCCGATTTTACGCCTTCAG CAV ~P {India)
GACGAGCTCGCAGACCGAGAGGCCGATTTTAC[TcCTTCAG Cux-1(Germany)
GACGAGCTCGCAGACCGARAGAGGCCGATTTTACGCCTTCAG 26P4 (Netherlands)
GACGAGCTCGCAGACCGAGAGGCGATTTTACGCCTTCAG 704 {Australia)}
GACGAGCTCGCARGACCGRAGAGGCIA/GATTTTACGCCTTCAG TR-20 (Japan)
GACGAGCTCGCAGACCGAGAGGCCGATTTTACGCCTTCAG BD-3 (Bangladesh)
GACGAGCTCGCRGACCGAGAGGCCGATTTTACGCCTTCAG 9%8D02152 (USA)
GACGAGCTCGCRGACCGAGAGGCCGATTTTACGCCTTCAG Harbin (China)
GACGAGCTCGCAGACCGAGAGGCCGATTTTACGCCTTCAG SMSC-1P60 (Malaysia)
GACGAGCTCGCAGARCCGAGAGGC[RJGATTTTACGCCTTCAG SMSC-1 (Malaysia)
GACGAGCTCGCRGACCGAGRGGCCGATTTTACGCCTTCAG Del Ros (USA)
GACGAGCTCGCAGACCGAGARGGCCGATTTTACGCCTTCRAG A2 (Japan)
ARGAGGACGGTGGCACCACCTCARGCGACTTCGACGARAGA Majority

1 1 I H

530 540 520 560

i 1 1 1
AAGAGGACGGTGGCACCACCTCAAGCGACTTCGACGAAGA CAV -7 {India)
AAGAGGACGGTGGCACCACCTCAAGCGACTTCGRCGARGA CAV -B (India)
ARGAGGACGGTGGCACCACCTCARGCGACTTCGACGA[C/GA CAV -E {India)
AAGAGGACGGTGGCACCACCTCAAGCGACTTCGACGARAGA CAV -P (India)
ARGAGGACGGTGGCACCACCTCAARAGCGACTTCGACGAAGA Cux-l{Germany)
AAGAGGACGGTGGCACCACCTCAAGCGACTTCGACG[GAGRA 26P4 (Netherlands)
AAGAGGACGGTGGCACCACCTCAAGCGACTTCGACGAAGHA 704 {Auatralia)
AAGAGGBACGGTGGCACCACCTCAAGCGACTTCGACGAAGA TR-20 (Japan),
AARGAGGRCGGTGGCRCCACCTCAAGCGARCTTCGACGAAGHA BD-3 (Bangladesh)
AARGAGGACGGTGGCACCACCTCAAGCGACTTCGACGAAGA 98D02152 (USA)
ARGAGGACGGTGGCACCACCTCAAGCGACTTCGACGAAGA Harbin (China)
ARGAGGACGGTGGCACCACCTCAAGCGACTTCGACGAARGA SMSC-1P60 (Malaysia}
AAGRAGGACGGTGGCARACCACCTCAAGCGACTTCGACGAAGA SMIC-1 (Malaysia)
ARGAGGACGGTGGCARCCACCTCRAGCGARCTTCGACGAAGA Del Ros (USR)
AAGARGGARCGGTGGCACCACCTCRAGCGARACTTCGACGAARGA A2 (Japan)
TATAAATTTCGACATCGGAGGAGACAGCGGTATCGTAGAC Majority

3 t 1 1

5'1:0 5?0 5?0 6?0
TATARATTTCGRCATCGGAGGAGACAGCGGTATCGTAGAC CAV -A {India)
TATAAATTTCGACATCGGAGGAGACAGCGGTATCGTAGAC CAV -B (India)
TATAAATTTCGACATCGGAGGAGACAGCGGTATCGTAGAC CAV ~E {India)
TATARATTTCGACATCGGAGGAGACAGCGGTATCGTAGAC. CAV -P (India)
TATAAATTTCGACATCGGAGGAGACAGCGGTATCGTAGAC Cux-l(Germany)
TATAAATTTCGACATCGGAGGAGACAGCGGTATCGTAGAC 26P4 (Netherlands)
TATAAATTTCGACATCGGAGGRGACAGCGGTATCGTAGAC 704 (hustralia)
TATAAATTTCGACATCGGARAGGRGACAGCGGTATCGTAGAC TR-20 (Japan)
TATAAATTTCGACATCGGAGGRGACAGCGGTATCGTAGAC BD-3 (Bangladesh)
TATAAATTTCGACATCGGAGGAGACARGCGGTATCGTAGAC 98002152 {USA}
TATRAATTTCGACRTCGGRGGAGACAGCGGTATCGTAGAC Harbin {China}
TATAAARTTTCGRACATCGGAGGAGACAGCGGTATCGTAGAC SMSC-1P60 (Malaysia)
TATAAATTTCGACATCGGRGGAGACARGCGGTATCGTAGAC SMSC-1 {Malaysia)
TATAAATTTCGACATCGGAGGAGACAGCGGTRARTCGTAGAC Del Ros (USR)
TATAAATTTCGACATCGGAGGAGACAGCGGTATCGTAGAC A2 {(Japan)



GAGCTTTTAGGAARAGGCCTTTCACARACCCCCGCCCCGGTAC Majority
T T T T

630 620 630 640
601 GAGCTTTTAGGAAGGCCTTTCARCAACCCCCGCCCCGGTAC CAV -A (India)
601 GAGCTTTTAGGAAGGCCTTTCACAACCCCCGCCCCGGTARC CAV -B (India)
601 GAGCTTTTAGGAAGGCCTTTCACAACCCCCGCCCCGGTAC CAV -E {India)
601 GAGCTTTTAGGARAAGGCCTTTCACAACCCCCGCCCCGGTAC CAV -P (India)
601 GAGCTTTTAGGAAGGCCTTTCACAACCCCCGCCCCGGTAC Cux-1(Germany}
601 GAGCTTTTAGGAAGGCCTTTCACAACCCCCGCCCCGGTAC 26P4 (Netheriands)
601 GAGCTTTTAGGAAGGCCTTTCACAACCCCCGCCCCGGTAC 704 (Rustralia)
01 GAGCTTTTAGGAAGGCCTTTCACAACCCCCGCCCCGGTAC TR-20 {Japan)
601 GAGCTTTTAGGAAGGCCTTTCACAACCCCCGCCCCGGTAC BD-3 {Bangladesh)
601 GAGCTTTTAGGAAGGCCTTTCACARCCCCCGCCCCGGTAC 98D02152 (USA)
601 GAGCTTTTAGGAAGGCCTTTCACAACCCCCGCCCCGGTAC Harbin (China)
60l GAGCTTTTAGGAAGGCCTTTCACAACCCCCGCCCCGGTAC SMSC-1P60 {Malaysia)
01 GAGCTTTTAGGAAGGCCTTTCACAACCCCCGCCCCGGTAC SMSC-1 (Malaysia)
601 GAGCTTTTAGGAAGGCCTTTCACRACCCCCGCCCCGGTAC Del Ros {USA}
601 GAGCTTTTAGGAAGGCCTTTCACARCCCCCGCCCCGGTAC A2 (Japan)

GTATAGTGTGAGGCTGCCGAACCCCCAATCTACTATGACT Majority

[ ] ] i ]

§50 660 670 680

d 1 ]
641 GTATAGTGTGAGGCTGCCGAACCCCCARTCTACTATGACT CAV -A (India)
641 GTATAGTGTGAGGCTGCCGAACCCCCAATCTACTATGACT CAV -B (India)
641 cTATAGTGTGAGGCTRlccoaacccecccnalglrclhlaclglareacTt cav -E (India)
641 GTATAGTGTGAGGCTGCCGAACCCCCAATCTACTATGACT CAV -P (India)
641 GTATAGTGTGAGGCTGCCGAACCCCCAATCTACTATGACT Cux-1{Germany)
641 GTATAGTGTGAGGCTGCCGAACCCCCARTCTACTATGACT 26P4 (Netherlands)
641 GTATAGTGTGAGGCTCCGAACCCCCRIElTCRCIElATGACT 704 (Australia)
641 GTATAGTGTGAGGCTAlcceaAacccccealslrelalaclelaTerc T TR-20 tJapan)
641 GTATAGTGTGAGGCTGCCGAACCCCCAATCTACTATGACT BD-3 (Bangladesh)
641 GTATAGTIGTGAGGCTGCCGAACCCCCAATCTACTATGACGCT 98D02152 (USA)
641 GTATAGTGTGAGGCTGCCGAACCCCCAATCTACTATGACT Harbin (China)
641 GTATAGTGTGAGGCTGCCGARACCCCCAATCTAC|C|]ATGACT SMSC-1P60 {Malaysia)
641 cTATAGTGTGAGcGccTRlcecsananccccenlgrcalaclslarenct sMsc-1 (Malaysia)
61 GTATAGTGTGAGGCTGCCGAACCCCCARTCTAC|C/[ATGACT Del Ros (USA}
641 GTATAGTGTGAGGCTGCCGARCCCCCAATCTACICATGRACT A2 (Japan)

ATCCGCTTCCAAGGAGTCATCTTTCTCACGGAAGGACTCA Majority

L] L) L} 1

690 700 710 720
681l ATCCGCTTCCAAGG|GJGTCATCTTTCTCACGGARGGACTCA CAV -A (India)
681 ATCCGCTTCCAAGGAIA/TCATCTTTCTCACGGARGGACTCA CAV -B (India)
681 atrccecrrltlcaacsalarcarfrrrer(dacldeanseacTca cav ~E (India)
81 ATCCGCTTCCAAGGAWBATCATCTTTCTCACGGAAGGACTCA CAV -P (India)
681 ATCCGCTTCCAAGG[GIGTCATCTTTCTCACGGARGGACTCA Cux-1({Germany)
681 ATCCG[ATTCCAAGGAGTCATCTTTCTCRCGGARGGACTCA 26P4 (Netherlands)
681 Achcc'rTCCAAGGRATCATIE'TTTCTE'ACGAAGGACTCA 704 {Australia)
681 atrccecTrilcaacealalrcarlrrrrerirlacldleanceacTca trR-20 (Japan)
681 ATCCGCTTCCAAGGAA/TCATCTTTCTCACGGAAGGACTCA BD-3 (Bangladesh)
681 ATCCGCTTCCAAGGAGTCATCTTTCTCACGGAAGGACTCA 98D02152 (USA)
681 ATCCGCTTCCAAGGAGTCATCTTTCTCACGGAAGGACTCA Harbin (China)
681 ATCCGCTTCCAAGGAGTCATCTTTCTCACGGAARGGACT c[c] sMSC-1P60 (Malaysia)
681 Achc;c-rTCAAGGA@TCATTTTCTACGAAGGACTCA SMSC-1 {Malaysia}
81 ATCCGCTTCCARGGAGTCATCTTTCTCACAIGAAGGACTCA Del Ros (USA)
681 RTCCGCTTCCAAGGAGTCATCTTTCTCACGGAAGGACTCA A2 (Japan)



121
721
721
721
721
721
121
721
121
721
721
21
721
721
121

761
761
761
761
761
161
761
161
TE1
7ol
161
161
761
761
761

801
801
801
801
801
801
801
801
801
801
801
801
801
801
801

CTGCCTAARAACAGCACAG GCTAT € A& Majority

3 | | [

730 140 750 760

[ i - i i
TTCTGCCTAARAARCAGCACAGCGGGGGGCTATGCAGACCA CAV -A (India)
TTCTGCCTARAAACAGCACAGCGGGGGGCTATGCAGACCA CAV -B (India)
rrcrlalccTaanancacilacrcceescesalAlTaATecaGcAacca CAV -E (India)
TTCTGCCTAAAAACAGCACAGCGGGGGGCTATGCAGACCA CAV -P (India)
TTCTGCCTAAAAACAGCACAGCGGGGGGCTATGCAGRCGCA Cux-1(Germany)
TTCTGCCTAAARAACAGCACAGCGGGGGGCTATGCAGACCRA 26P4 (Netherlands)
TTCTCCTAAARRCAGP«CAGCGGGGGGTATGCAGACCA 704 (Australia)
rrcrlalccraannanchcltlacaccceececclalraTecaGAC cA TR-20 (Japan)
TTCTGCCTAAAAACAGCACAGCGGGGGGCTATGCAGACCA BD-3 {Bangladesh)
TTCTGCCTAAAAACAGCACAGCGGGGGGCTATGCAGACCA 98002152 {USA)
TTcr[AlcCCTAARAACAGCACAGCGGGGGGCTATGCAGACCA Harbin (China)
TTCTGCCTAAARACAGCACAGCGGGGGGCTATGCAGACGCA SMSC-1P60 {Malaysia)
TTCTRAlCCTAAABRARCAGIACAGCGGGGGRAITATGCAGACCA SMSC-1 (Malaysia)
TTCTGCCTAARAACAGCACAGCGGGGGGCTATGCAGACCA Del Ros {USA)
TTCTGCCTAARARCAGCACAGCGGGGGGCTATGCAGACCA AZ (Japan)
CATGTACGGGGCGAGAGTCGCCAAGATCTCTGTGAACCGCTG Majority

L) L] L) 1

170 780 790 800

3 1 L L
CATGTACGGGGCGAGAGTCGCCAAGATCTCTG ACCTG CAV -A (India)
cltltreTaceceeecerncreTceeccarGRTCTC[CG ACCTG CAV ~B (India)
clelreTaAcGGeGCcGAGAGTCGCCAAGRT[TT clale ACCTG CAV -E (India)
Cllr6TACGGE6GGCGAGAGTCGCCARAGATCT Clg6 ACCTG CAV -F {India)
CATGTACGGGGCGAGAGTCGCCAAGATCTCTG ACCTG Cux-1(Germany)
CATGTACGGGGCGAGAGTCGCCAAGATCTCTG ACCTG 26P4 (Netherlands)
clclreracecececeracrGTCGCcCARAGATCT clale ACCTG 704 {Australia)
clelr[dTACcGGGGCGRGAGTCGCCRAAGATCT clale ACCTG TR-20 (Japan)
Cl)T 6 TACGGGGCGAGAGTCGCCAAGATCTClC|G ACCTG BD-3 {Bangladesh}
CATGTACGGGGCGAGAGTCGCCARAGATCTCTG ACCTG 98D02152 (USA)
CATGTACGGGGCGAGAGTCGCCAARGATCTCTG ACCTG Harbin (China)
CATGTACGGGGCGAGAGTCGCCAAGATCTCTG ACCTG SMSC-1P60 (Malaysia)
clcdr6TACGGGGCGAGAGTCGCCAAGATCT c[ala RCCTG SMSC-1 (Malaysia}
CATGTACGGGGCGAGAGTCGCCAAGATCTCTG ACCTG Del Ros (USA}
CATGTACGGGGCGAGAGTCGCCAAGATCTCTG ACCTG A2 (Japan)
AAAGAGTTCCTGCTAGCGTCAATGAACGCTGAC CGTGA Majority

] |3 T 1 §

810 820 830 840
AAAGAGTTCCTGCTAGCCITCAATGAACCTGACATACGTGA CAV -A (India)
AAAGAGTTCCTGCTAGCGTCARTGARCCTGACATACGTGA CAV ~B (India)
RAAGAGTTCCT[CJCTAGCGTCAATGAACCTGACATACGTGA CAV -E (India)
AAAGAGTTCCTGCTAGCTCAATGAACCTGACATACGTGA CAV -P {India)
AAAGAGTTCCTGCTAGCCITCAATGARCCTGACATACGTGA Cux-1{Germany)
AAARGAGTTCCTGCTAGCGTCAARTGAARCCTGACATACGTGA 26P4 (Netherilands)
AAAGP«GTTCCTCTAGCGTCAATGAACCTGBCATACGTGA 704 {(Australia)
AAAGAGTTCCTIC/ICTAGCGTCAARTGAACCTGACATACGTGA TR-20 {Japan)
AAAGAGTTCCTGCTAGCGTCAATGAACCTGACATACGTGA BD-3 (Bangladesh!
AAAGAGTTCCTGCTAGCGTCAATGAARCCTGACATACGTGA 98D02152 {USA)
RAAGAGTTCCTGCTAGCGTCAATGAACCTGACATACGCGTGA Harbin (China)
AAAGAGTTCCTGCTAGCGTCAATGAACCTGACATACGTGA SMSC-1P60 (Malaysia)
ARAGAGTTCCTICICTAGCGTCAATGAACCTGACRARTACGTGA SMSC-1 (Malaysia)
AARGAGTTCCTGCTAGCGTCARATGAACCTGACATACGTGA Del Ros (USA)
AAAGAGTTCCTGCTAGCGTCRATGARCCTGACATACGTGA A2 (Japan}



841
841
841
841
841
841
841
841
841
841
841
B41
g4l
841
841

881
881
881
881
B8l
881
881
881
881
881
881
881
881
BB1
881

921
921
921
g21
921
9zl
a921
921
921
921
921
§21
azl
921
921

G G A Majority
]

GCAAAATCGGAGGCCCCATCGCCGGTGAGTTGATTGC
| T i
850 860 870 BBO
1 i 1 []
GCARACITCGGAGGCCCCATCGCCGGTGAGTTGATTGCGGA
GCAABATCGGAGGCCCCATCGCCGGTGAGTTGATTGCGGA
ccaraartAlecaccceccecarceccesreacTTRlaATTGCGGA
GCARAATCGGAGGCCCCATCGCCGGTGAGTTGATTGCGGA
GCAAAARTCGGAGGCCCCATCGCCGGTGAGTTGATTGCGGA
GCAAAATCGGAGGECCCATCGCCGGTGAGTTGATTGCGGA
GanAATEGGAGGACcCATCGCCGGTGAGTTGATTGCGGa
GCAAART|IA/GGAGGCCCCATCGCCGGTGAGTTGATTGCGGA
GCARAATCGGAGGCCCCATCGCCGGTGAGTTGATTGCGGA
GCAARATCGGAGGCCCCATCGCCGGTGAGTTGATTGCGG A
GCAARRTCGGAGGCCCCATCGCCGGTGAGTTGATTGCGGA
GCRAAARARTCGGRGGCCCCATCGCCGGTGRGTTGATTGCGGA
ccranAaTAlceAaGcGAlcccATCGCCGGTGAGTTGATTGCGGA
GCAAARTCGGAGGCCCCATCGCCGGTGAGTTGATTGCGGA
GCAAAARTCGGAGGCCCCATCGCCGGTGAGTTGATTGCGGA
CGGGTCTAAATCACAAGCCGCGGAGAATTGGCCTRATTGC
§ | | |
890 900 910 920
CGGGTCTAARATCACARGCCGCGGA(CJAATTGGCCTRATTGC
ceeererfclaarcacancecceclcacaalgltresccranaTrTgC
CGGGTCTIC/AATCACRAGCCGCGIC/lAGRATTGGCCTAATTGC
cGGGTCTcnnTcRCAAGCCGCGgAiAATTGGCCTAATTGC
CGGGTCTAAATCACAAGCCGCGGA|CJAATTGGCCTARTTGC
CGGGTCTAARTCACAAGCCGCGGAGARTTGGCCTAATTGC
CGGGTCTIC/lAATCACARGCCGCGIC/AGAATTGGCCTAATTGC
CGGGTCT|C/AATCACARGCCGCGIC/AGAATTGGCCTAATTGC
ceeGeTclaclanrcacancccecealdacanldrescecraaTrTge
CGGGTCTAARTCACRAGCCGCGGAGAATTGGCCTAATTGC
CGGEGETCTAARATCACAAGCCGCGGAGARTTGGCCTRATTGEC
CGGGTCTAARATCA[GIAARGCCGCGGAGAARTTGGCCTAATTGC
ceeeTcTlclaAaTrcachrAGeCcGCGC]AGARTTGGCCTAATTGEC
CGGGTCTAARATCACAAGCCGCGGAGAA[CITGGCCTAATTGC
CGGGTCTAAATCA[GARGCCGCGGAGAATTIGGCCTAATTGC
TGGECTGCCGCTAGATAARTAACGTGCCCTCCGCTACACCAT
1 1 L) i
930 940 950 960
L 1 1 L
TGGCTGCCGCTAGATARTARCGTGCCCTCCGCTACACCAT
TGGCTGCCGCTAGATAATAACGTGCCCcTCCcGelalacaccarT
TGGCTGCCGCTAGATAATAACGTGCCCTCCGCTACACC[gT
TGGCTGCCGCTAGATAATRACGTGCCCTCCGCTACRCCAT
TGGCTGCCGCTAGATAATARACGTGCCCTCCGCTACRCCAT
TGGCTGCCGCTAGATAATAACRATGCcccTecGe[glacacear
TGGCTGCCGCTARGATAATAACGTGCCCTCCGCTACACCAT
TGGCTGCCGCTAGATAATAACGTGCCCTCCGCTACARCCAT
TGGCTGCCGCTAGATARTAACGTGCCCTCCGCIA/RCACCAT
TGGCTGCCGCTAGATAATAACGTGCCCTCCGCI|GIACACCAT
TGGCTGCCGCTAGATAARTAACGTGCCCTCCGCGJACACCAT
TGGCTGCCGCTAGATAATAAC[AlTeccecrcceecTAaCAaCCAT
TGGCTGCCGCTAGATAARTARCGTGCCCTCCGCTACACCAT
TGGCTGCCGCTAGATARATAACGTGCCCcTCCcGe[lglacACCAT
TGGCTGCCGCTAGATAATAACRAITGCCCTCCGCTACRACCAT

CaAV -A (India)

CaAV -B (India)

CAV ~E (India)

cay —-P (India)
Cux-1{Germany)
26P4 {Netherlands)
704 {(Australia)
TR-20 (Japan)

BD-3 {Bangladeaah)
98D02152 {USA}
Harbin ({China?
SMSC-1P6D (Malaysia)
SMSC~1 {(Malaysia)
Del Ros {USA)

AZ {(Japan}

Majority

CAV ~A {India}
CAY -B (India)

CARV -E ({India}
CAV -P {India)
Cux-1{Germany)
26P4 (Nethaerlands)
704 {Australia)
TR~20 (Japan]

BD~3 {Pangladesh)
98D02152 (USA)
Harbin (China)
SM5C-1P60 {Malaysia)
SMSC-1 {Malaysia)
Del Ros {USA}

A2 (Japan)

Majority

CAV -A (India)
CAV -B (India)
CAV ~E (India)
CAV -P {India)
Cux-1 {Germany)
26P4 {HMetherlands!
704 (Rustralia)
TR-20 {Japan}

BD-3 (Bangladesh)
98D02152 {USA}
Harbin {(China)
SMSC-1PE0 {Malaysia)
SM5C-1 (Malaysial
Del Rog (UBA}

A2 (Japan)



96l
961
961
961
361
%6l
138
961
%&1
961
9g1
961
261
96l
961

1001
1001
1001
1001
1001
1001
1001
1001
1001
1001
1001
1001
1001
1001
1001

1041
10412
1041
1041
1041
1041
1041
1041
1041
1041
1041
1041
1041
1041
1041

CGGCATGGTGGAGATGGGCCTTAATGATGJ\TGCAGCCCH?Majority
1 I I

970 980 990 1000
C6GCATGGTGGAGATGGGCCTTAATGATGATGCAGCCCAC CAV ~A (India)
CGGCRATGGTGGAGATGGGCCTTAATGATGATGCAGCCCRAC CAV -B (India)
cAlccaTceTGGeAGATGGGC{ITTAATGATGATGCAGCCCAC CAV -E (India)
CGGCRATGGTGGAGATGGGCCTTAATGATGATGCAGCCCAC CAV -P (India)
CGGCATGGTGGAGATGGGCCTTAATGATGATG CAGCGCCAC Cux-1{Germany}
CGGCRTGGTGGAGATGGGCCTTAATGATGATGCAGCCCAC 26P4 (Netherlands)
CGGCATGGTGGAGATGGGCTTAATGATGATGCAGCCCAC 704 (Australia)}
CGGCATGGTGGAGATGGGCTTTAATGATGATGCAGGCCCARAC TR-20 (Japan)
CGGCATGGTGGAGATGGGCCTTAATGATGATGCAGCCCRAC BD-3 (Bangladesh}
CGGCATGGTGGAGATGGGCC[CJTAATGATGATGCAGCC[AlAC 980023152 (USA)
CGGCATGGTGGAGATGGGCCTTAATGATGATGCAGCCCAC Harbin (China}
CGGCATGGTGGAGATGGGCCTTAATGATGATGCRAGCCCAC SHM3C-1P60 (Malaysia)
CGGCATGGTGGAGATGGGC[ITTAATGATGATGCAGCCCACG SMSC-1 (Malaysia)
CGGCATGGTGGAGATGGGCCTTAATGATGATGCAGCCCAC Del Ros {USA)
CGGCRATGGTGGAGATGGGCCTTAATGATGATGCAGCCCAC A2 (Japan)
GGACTCTTGCCGGTTCTTTAATCACCCTAAGCAGATGACC Majority

H | | i

1010 1020 1030 1040
GGACTCTTGCCGGTTCTTTARATCACCCIAIRAGGCAGATGACC CAV -A (India)
GGACTCTTGCCGGTTCTTTAATCARCCCTARAGCAGATGACC CAV -B {India)
seacTcTTGeccGGrrcTTTAATCACCCC(A)aaalcalalaTeancc cav -E (India)
GGACTCTTGCCGGTTCTTTAATCACCCTAAGCAGATGACC CAV -F (India)
GGACTCTTGCCGGTTCTTTAATCACCCRAJAAGCAGATGACC Cux-1(Germany)
GGACTCTTGCCGGTTCTTTARTCACCCTAAGCAGATGACC 26P4 (Netherlands)
GGACTCTTGcccGTTCT_TTAATCACCCTAAEICAATGACC 704 (Australia)
GGACTCTTGCCGGTTCTTTAATCACCcAAAGCAAATGACC TR-20 (Japan)
GGACTCTTGCCGGTTCTTTAATCACCCTAAGCAGATGACC BD-3 {Bangladesh)
GGACTCTTGCCGGTTCTTTAATCACCCTARGCRATGACC 98002152 (USA)
GGACTCTTGCCGGTTIJTTTAATCACCCTAAGCA|A|/ATGACC Harbin {China)
GGACTCTTGCCGGTTCTTTAATCACCCTAAGCAGATGACC SMSC-1P60 (Malaysia)
GGACTCTTGCCGGTTCTTTARAT CAlTJcecTAalalcalAlaT 6 A cc sMsc-1 (Malaysia)
GGACTCTTGCCGGTTCTTTAATCACCCTAARAGCAGATGACTC Del Ros {USA)
GEACTCTTGCCGGTTCTTTAARTCACCCTARGCAGATGACC A2 (Japan)
CTGCAAGACFI\TGGGTCGCA'[;GTTTGGGGGCTGGCACCTGT Majority

] [ |

1050 1060 1070 1080
CTGCAAGACATGGGTCGCATGTT?TGG6GGGCTGGCRACCTGT CAV -A {India)
CTGCAAGACATGGGTCGECATGTTTGGGGEGCTGGCACCTGT CAV -B (India)
CTGCAAGACATGGGTCGGIATGTTTGGGGGCTGGCACCTGT CAV ~E ({India)
CTGCAAGACATGGGTCGCATGTTTGGGGGCTGGCACCTGT CAV -P (India)
CTGCAAGARACATGGGTCGCATGTTTGGGGGCTGGCACCTGT Cux-1({Germany)
CTGCAAGACATGGGTCGCATGTTTGGGGGCTGGCARCCTGT 26P4 (Netherlands)
CTGCAAGACATGGGTCGATGTTTGGGGGCTGGCACCTGT 704 (Australia)
CTGCRAGACATGEGGTCGIGIATGTTTGGGGGCTGGCRACCTGT TR-20 (Japan)
CTGCAAGACATGEGGTCGCATGTTTGGGGGCTGGCARCCTGT BD-3 (Bangladesh)
CTGCAAGACATGGGTCGCATGTTTGGGGGCTGGCACCTGT 9BD02152 (USA)
CTGCAAGACATGGGTCGCATGTTTGGGGGCTGGCACCTGT Harbin (China)
CTGCARGA[MATGGGTCGCATGTTTGGGGGCTGGCACCTGT SMSC-1P60 (Malaysia)
CTGCARGACATGGGTCGGATGTTTGGGGGCTGGCACCTGT SMSC-1 (Malaysia)
CTGCAAGACATGGGTCGCATGTTTGGGGGCTGGCRACCTI[A]T Del Ros (USA)
CTGCAAGHSA ATGGGTCGCATGTTTGGGGGECTGGCACCTGT A2 {Japan}



1081
1081
1081
1081
1081
1081
1081
1081
1081
1081
1081
1081
1081
1081
108l

1121
1121
1121
1121
1121
1121
1121
1121
1121
11231
1121
1121
1121
1121
1121

1161
1161
1161
1161
1161
1161
116l
116l
1161
1161
1161
iie6l
1161
1161
1161

TCCGACACATTGAAACCCGCTTTCAGCTCCTTGCCACTA % Majority
T T T
10?0 1190 11}0 11?0
TCCGACRCATTGARAACCCGCTTTCAGCTCCTTGCCOCACTAA CAV -A (India)
TCCGACACATTGAARAARCCCGCTTTCAGCTCCTTGCCACTAA CAV -B (India)
TCCGACARCATTGAARCCCGCTTTCAGCTCCTTGCCACTAA CAV ~E {India)
TCCGACACATTGAAARCCCGCTTTCAGCTCCTTGCCACTAA CAV -P {India}
TCCGACACATTGARACCCGCTTTCAGCTCCTTGCCACTAA Cux-l(Germany)
TCCGACACATTGAAARCCCGCTTTCAGCTCCTTGCCACTAA 264 (Netherlands)
TCCGACACATTGAAARGCCCGCTTTCAGCTCCTTGCCACTABA 704 (hustralia)
TCCGACACATTGARAGCCCGCTTTCAGCTCCTTGCCACTA AR TR-20 (Japan)
TCCGACACATTGARACCCGCTTTCAGCTCCTTGCCACGCTAAR BD-] {Bangladesh)
TCCGACACATTGAAACCCGCTTTCAGCTCCTTGCCACTADRA 38D02152 (USA)
TCCGACACATTGARACCCGCTTTCAGCTCCTTGCCACTABLR Harbin {China})
TC@GACACATTGAAACCCGCTTTCAGCTCCTTGCCACTAR SM3C-1P60 (Malaysia}
TCCGACACATTGAARACCCGCTTTCAGCTCCTTGCCACTAA SM3C-1 (Malaysia)
TCCGACACATTGAARACCCGCTTTCAGCTCCTTGCCACTAA Del Ros (USA)
TCE'GACACATTGAA.I\CC'CGCTTTCAGCTCCTTGCCRCT.’-\A AZ (Japan}
GAATGAGGGATCCTTCAGCCCCGTGGCGAGTCTTCTCTCC Majority
T T T T
1130 1130 11?0 llFO
GAATGAGGGATCCTTCAGCCCCGTGGCGAGTCTTCTCTCC CAV -A {India}
GARTGAGGGAT C[ji?T CAGCCCCGTGGCGAGTCTTCTCTCC CAV ~B (India}
GAATGRARGGGATCCTTCAGCCCCGTGGCGAGTCTTCTCTCC CAY -E {India}
GAATGHGGGATCIE]TTCAGCCCCGTGGCGAGTCTTCTCTCC CAV -P {India}
GAARATGAGGGATCCTTCAGCCCCGTGGCGAGTCTTCTCT CC Cux~1{Germany)
GAATGAGGGARATCCTTCAGCCCCGTGGCGRGTCTTCTCTCC 26P4 (Netherlands)
GAATGRGGGATCCTTCAGCCCCGTGGUCGAGTCTTCTCTCC 704 {Australia)
GAATGAGGGATCCTTCAGCCCCGTGGCGAGTCTTCTCTCC TR-20 (Japan)
GAATGAGGGATCCTTCAGCCCCGTGGCGAGTCTTCTCTCC BD-3 {(Bangladesh)
GARTGAGGGATCCTTCAGCCCCGTGGCGAGTCTTCTCTCC 98D02152 (USA)
GAATGAGGGATCCTTCAGCCCCGTGGCGARARGT CTTCTOCTCC Harbip {China)
GAATGAGGGATCCTTCAGCCCCGTGGCGAGTCTTCTCTCC SMSC-1PE0 (Malayaia)l
GAATGAGGGATCCTTCAGCCCCGTGGCGAGTCTTCTCTCC SMSC-1 (Malaysial
GAATGAGGGATCCTTCAGCCCCGTGGCGAGTCTTCTCTCC Del Ros (USA)
GAATGAGGGATCCTTCAGCCCCGTGGCGAGTCTTCTCTCC AZ {Japan)
CAGGGAGAGTACCTCACGCGTCGGGACGATGTTARGTACA Majority
T T T T
llFO llPO 11?0 lZPO
CAGGGAGARGTACCTCACGCGTCGGGACGATGTTARGTHARCA CAV -A (India)
CAGGGAGAGTACCTCACGCGTCGGGACGATGTTAAGTACA CAY -B (India)
CAGGGAGAGTACCTCRCGCGCGGGACGATGTTAAGTACA CAV ~E (India}
CAGGGAGAGTACCTCACGCGTCGSGGGARCGATGTTAARGTACDH CAV -P (India}
CAGGGAGAGTACCTCACGCGTCGGGACGATGT TAABAGTACHA Cux~l{Germany}
CAGGGAGAGTACCT.h.CGCGTCGGGACGJ\TGTTARGTBCA 26P4 (Netherlands)
CAGGGAGAGTACCTCACGCGTCGGGARACGATGTTAAGTACHA 704 (Australial
CHGGGAGAGTACCTCACGCGTCGGGHCGATE]TTAAGTACA TR-20 {Japan}
CAGGGAGAGTACCTCACGCGTCGGGACGATGTTAR@TRCR BD-3 (Bangladash}
CAGGGRGAGTACCTCACGCGTCGGGACGATGTTAAGTACHA 93D02152 {USA)
CAGGGAGAGTACCTCACGCGTCGGGACGATGTTARGTACA Harbin {China)
CAGGGAGAGTACCTCACGCGTCGGGACGATGTTARGTACA S5SMSC-1P60 {Malaysia)
CAGGGAGAGTACCTCACGCGTCGGGACGATGTTAAGTACH 5MSC-1 (Malaysia)
CAGGGAGAGTHCCTCACGCGTCGGGhCGATGTTAAE]TACA Del Ros (USA}
CAGGGAGAGTACCTCACGCGTCGGGACGATGT TAAGTACA A2 {Japan)



GCAGCGATCACCRGAACCGGTGGCGARAAGGCGARCAACC Majozity
T T T T
12|10 12|20 12I30 12;&0
1201GCAGCGATCACCAGRRCCGGTGGCJ&]AP&ABGGCG@ACAACC CAV -A (India)
120 GCAGCGATCACCRGARCCGGTGGCGARAAARAGGCGAACAACC CAV ~-B (India)
1201GCJ-\GCGATCACCAGRRCCGGTGGCGA}\ARGGCGACA}\CC CAV -E (India}
1200 GCAGCGATCACCAGARCCGGTGGCGAAMAAGGCGAACARACC CAV ~P {India)
1201GCAGCGATCACCAGAACCGGTGGC@AA'AAGGCGACAACC Cux-1({Germany)
1201l GCAGCGATCACCAGARCCGGTGGCGAARRAGGCG|IG/IACAA CC 26P4 (Netherlands)
1201GCJ-\GCGATCJ-\CCAGAI\CCGGTGGCGAAAAGGCGACAACC 704 {Australia)
120l GCAGCGATCACCAGARACCGGTGGCGAARAAAGGCGA[GICAACC TR-20 (Japan)
1200 GCAGCGATCACCAGAACCGGETGGCGAARAGGCGAACAARACC BD-3 (Bangladesh)
1201GCAGCGATCACCAGAARACCGGTGGCGAARAGG CGAACR AR ACTC 98002152 {USA}
120 GCAGCGATCACCAGAACCGGTGGCGARARAAGGCGAACAACC Harbin {China)
1201GCAGCGATCACCAGAARACCGGTGGCGAAARAGGCGAACAACC SMSC-1P60 (Malaysia)
1201 GCAGCGATCACCAGAACCGGTGGCGAAJ\AGGCGAE'CAACC SMSC-1 {Malaysia}
120 GCAGCGATCACCAGRACCGGTGGCGAARAGGCGAACRAACC Del Ros (USA)
120l GCAGCGATCACCAGAACCGGTGGCGARRAGGCGARAACRARSACC A2 (Japan}
GATGRARCGGGGGGTATTGCTTATGCGACCGGGAARRTGAGA Majority
T T T T
12|50 12'50 12}'3'0 12:30
124l GATGACGGGGGGIC)ATTGCTTATGCGACCGGGAAARARATGAGA CAV ~a (India)
1241 GATGACGGGGGGTATTGCTTATGCGACCGGGAAAATGAGA CAV =B (Indla}
1241GATGACGGGGGGTATTG'CTTATGCGACGGGAAARTGAGA CAV -E (Indiaj}
1241GATGACGGGGGGTATTGE'TTATGCGACCGGGAAAP\TGRGH CAV -P (India)
1241 GATGACGGGGGGATTGCTTATGCGF\CCGGGAAF\ATGHGA Cux-1{Germany)
1241 GATGACGGGGGGTATTGCTTATGCGACCGGGAARATGAGA 26P4 (Metherlands)
1241 GATGACGGGGGGTATTGCTTATGCGACGGGAARATGAGA 704 (Rustralia)
1241 GATGACGGGGGGTATTGCTTATGCGACIGIGGGAAARTGAGA TR-20 (Japan)
1241 GATGACGGGGGGTATTGCTTATGCGACCGGGAAAATGAGA BD-3 (Bangladesh)
1241 GRTGACGGGGGGTATTGCTTATGCGRCCGGGARRATGAGA 98D02152 (USR)
1241 GATGACGGGGGGTATTGCTTATGCE'ACCGGGAAARTGAGA Harbin {China)
12l GATGACGGGGGGEGTATTGCTTATGCGACCGGGAAARATGAGR SHSC-1PE0 (Malaysia)
1241 GATGACGGGGGGTATTGCTTRTGCGACE'GGGAAAATGAGA SMSC-1 {Malaysia)
124l GATGACGGGEGGEGGGTATTGC TTATGCGACCGGGAAARMTGAGHAR Del Ros (USA}
124l GRTGACGGGGGGTATTGCTTATGCGACCGGGAARATGAGA A2 (Japan)
CCCGACGAGCAARCAGTACCCTGCTATGCCCCCAGACCCCC Majority
T T T T
12'90 13.00 13'10 13!20
128l CCCGACGAGCARCAGTACCCTGCTATGCCCCCAGRCCCCC CAV A (India)
121 CCCGACGAGCAACAGTACCCTGCTATGCCCCCAGRCCCCC CAV -P {India}
1281 CCCGACGAGCARCA-GTACCCTGCTATGCCCCCGACCCCC CAV -E {India)
1281 CCCGRCGAGCAACAGTCCCTGCTATGCCCCCAGACCCCC CAV -FP {India)
12681l CCCGACGAGCAACAGTACCCTGCTATGCCCCCAGACCCCC Cux~l{Germany)
128l CCCGACGAGCAACAGTACCCTGCTATGCCCCCAGACCCCC 26P4 (Netherlands)
1231CCCGACGBGCAACAGTACCCTGCTATGCCCCCGACCCCC 704 {hustralia}
126l CCCGACGAGCRACAGTACCCTGCTATGCCCCCIEIGACCCCC TR-20 (Japan)
12l CCCGACGAGCAARCAGTACCCTGCTATGCCCCCAGACCCCC BD~3 {Bangladesh)
12681l CCCGACGAGCAACAGTACCCTGCTATGCCCCCAGACCCCC 9BDD2152 (USA)
1281l CCCGACGAGCAACAGTACCCTGCTATGCCCCCAGACCC CC Harbin (China}
1281l CCCGRCGAGCARCAGTACCCTGCTATGCCCCCAGACCECCC SM3C-1R60 {(Malaysia)
1281 CCCGRCGAGCAACAGTACCCTGCTATGCCCCCGACCCCC SMSC~1 {(Malaysia)
1281 CCCGACGAGCARCAGTACCCTGCTATGCCCCCAGACCCCC Del Ros (USA}
1261l CCCGACGAGCAACAGTACCCTGCTATGCCCCCAGACCCCC A2 (Japan)



CGATCATCACCRACTACTACAGCGCAAGGCACGCAAGTCCG Majority
T T T

[y
L]
P
L=

: 1340 1350 1360
1321CGRTCA'[‘CACCEFCTACTACAGCGCARGGCACGCAAGTCCG cav -a (India)
1321 CGATCATCACC|IGICTACTACAGCGCAAGGCACGCAARGTCCG CAV -B {India)
1321 ceaTcaTcAaccacTAaclcacaldcecrnceecrcGcARAGTCCG CaV -E (Indla)
1321CGATCATCACCEICTACTACAGCGCAAGGCACGCAAGTCCG CAV -P (India)
1321 CGATCATCACC|G/CTACTACAGCGCAAGGCACGCRAAGTCCG Cux-1(Germany)
132l CGATCATCACCACTACTACAGCC/ICAAGGCACGCAAGTCCG 26P4 (Netherlands)
1321CGnTchcaccac'rncncncecnacecncccnacwccc 704 {Australia}
1321 cGATCATCACCACTAC[aAcAlclcecARGGCACGCARGTCCG TR-20 (Japan)
1321 CGATCATCACC[G/CTACTACAGCGCARGGCACGCAAGTCCG BD-3 {Bangladesh}
1321 CGATCATCACCA[GITACTACAGCGCARGGCACGCAARGTCCG 98D02152 (USA)
1321 CGATCATCACCACTACTACAGCGCAAGGCACGCAAGTCCG Harbin (China)
1321 CGATCATCACCA(GITACTACAGCGCAAGGCACGCRAAGTCCG SMSC-1P60 {(Malaysia)
1321csarcatrcaccacrtac[cacaldlcecancecacecclacTcce sMsc-1 (Malaysia)
1321CGRTCRTCACCATRCTACAGCGCAAGGCBCGCBAGTCCG Del Ros (USA}
1321 CGATCATCACCA[G/TACTACAGCGCAAGGCACGCAAGTCCG A2 {Japan)

CTGCATGAATAGCARCGCAAGCTTGGTGGTCATGGGACACA Majority

| ] 1 13

1370 1380 1330 1400
1381l CTGCATGAATAGCRCGCARAGCTTGGTGGTCATGGGACACA CAV -A (India)
136l CTGCATGAATAGCACGCAAGCTTGGTGGTCATGGGACRACA CAV -B (India)
1361 CTGCATGRATAGCACGCAAGCTTGGTGGTC[G|ITGGGACACA CAV -E (India)
1361 CTGCATGAATRGCACGCAAGCTTGGTGGTCATGGGRACACRA CAV ~P (India)
1361l CTGCATGAATAGCACGCAAGCTTGGTGGTCATGGGACACA Cux-1{Germany)
1361 CTGCATGAATAGCACGCAAGCTTGGTGGTCATGGGACACA 26P4 {(Netherlands)
1361cTGcnTGAATAGCACGCAAGCTTGGTGGTCEJTGGGACACA 704 (Australia)
131 CTGCATGARATAGCACGCAAGCTTGGTGGTC|GITGGGACACA TR-20 {Japan}
1361 CTGCATGAARTAGCACGCAAGCTTGGTGGTCATGGGACACA BD-3 (Bangladesh)
1361l CTGCATGARATARGCACGCAAGCTTGGTGGTCATGGGACACRA 98002152 (USA)
1361l CTGCATGRATAGCACGCARGCTTGGTGGTCATGGGACACA Harbin (China)
1361 cTAJCATGARTAGCACGCAAGCTTGGTGGTCATGGGA[T/A CA SMSC-1P60 (Malaysia)
1361 CTGCATGAATAGCACGCAAGCTTGGTGGTC[GITGGGACACA SMSC-1 ({Malaysia)
1361l CTGCATGARTAGCACGCAAGCTTGGTGGTCATGGGACACA Del Ros (USA)
1361 CTGCATGARATAGCACGCAAGCTTGGTGGTCATGGGA[Taca a2z (Japan)

TATATGAGCTTTGCAACACTCACAGCACTCGGTGCACARAT Majority

13 | | L

1410 1420 1430 1440
140 TATATGAGCTTTGCAACARCTCACAGCACTCGGTGCACAAT CAV -A (India}
1401 TATARTGAGCTTTGCAACACTCACAGCACTCGGTGCACAAT CAV -B {India)
1401 TATATGAGCTTTGCAACACTCACAGC[GICTCGGTGCACAAT CAV -E {India)
1401 TATATGAGCTTTGCAACACTCACAGCACTCGGTGCACART CAV -P (India)
1401 TATATGAGCTTTGCAACACTCACAGCACTCGGTGCACAAT Cux-l(Germany}
1401 TATATGAGCTTTGCAACACTCACAGCACTCGGTGCACARAT 26P4 (Netherlands)
1401TATATGAGCTTTGCAACACTCACAGCCTCGGTGCACART 704 (Australia)
1401 TATATGAGCTTTGCGIACACTCACAGC|G/CTCGGTGCACAAT TR-20 (Japan)
140 TATATGAGCTTTGCAACACTCACAGCACTCGGTGCACART BD-3 (Bangladesh)
J401 TATATGAGCTTTGCAACACTCACAGCACTCGGTGCACAAT 98002152 (USA)
1401 TATATGARGCTTTGCARCACTCACAGCACTCGGTGCACAAT Harbin (China)
140l TATATGAGCTTTGCAACACTCACAGCACTCGGTGCACART SMSC-1P60 (Malaysia)
140l TATATGAGCTTTGCAACACTCACAGC(GICTCGGTGCACART S5SMSC-1 (Malaysia)
1401 TATATGAGCTTTGCAACACTCACAGCACTCGGTGCACART Del Ros (USA)
1401l TATATGAGCTTTGCAACACTCACAGCACTCGGTGCACARART A2 (Japan)



GGTCTTTTCCTCCAGGGCAACGTTCAGTTTCTAGACGGT C Majority
I I I 1
1450 1450 1470 1480
1441 GGTCTTTTCCTCCAGGGCAACGTTCAGTTTCTAGACGGTC CAV -A (India)
1441 GGTCTTTTCCTCCAGGGCAACGTTCAGTTTCTAGACGGTC CAV -B (India)
1441 GG TCTTT[JCCTCCAGGGCAACGTTCAGTTTCTAGACGGTC CAV -E (India)
1441 GGTCTTTTCCTCCAGGGCARCGTTCAGTTTCTAGARCGGTC CAV —P {India)
1441 GGTCTTTTCCTCCAGGGCARCGTTCAGT?ITCTAGACGGTC Cux-1{Germany)
1441 GGTCTTTTCCTCCAGGGCAACGTTCAGTTTCTAGACGGTC 26P4 (Netherlands)
1441GGTCTTTCCTCCAGGGCAACGTTCAGTTTCTAGACG'[‘C 704 {(Australia}
1441 GGTCTTTIC/CCTCCAGGGCAARCGTTCAGTT TCTAGACG|C|T C TR-20 (Japan)
1441 GGTCTTTTCCTCCAGGGCAARCGTTCAGTTTCTAGACGG?TC BD-3 (Bangladesh)
1441 GGTCTTTTCCTCCAGGGCARCGTTCAGTTTCTAGACGGTC 98D02152 (USA}
1481 GGTCTTTTCCTCCAGGGCARCGTTCAGTTTCTAGARCGGTC Harbin (China}
441 GGTCTTTTCCTCCAGGGCARCGTTCAGT TTPCTAGACGGTC SMSC-1P60 (Malaysia)
1441 GGTCTTT[CJCCTCCAGGGCAARCGTTCARGTTTCTAGACG[C|TC SMSC-1 (Malaysia)
1441 GGTCTTTTCCTCCAGGGCARCGTTCAGTTTCTAGACGGTC Del Ros {USA)
1441 GGTCTTTTCCTCCAGGGCARCGTTCAGTTTCTAGACGGTC A2 {(Japan)
CTTCAACCARCCACAAGGCGAGAGGAGCCGGGGACCCCARA Majority
i [ 1 1
1490 1500 1510 1520
1 1 1 i
1481 CTTCAACCACCACARGGCGAGAGGAGCCGGGGACCCCA A[G) CAV -A (India)
1481 CTTCAACCACCACAAGGCGAGAGGAGCCGGGGACCCCAARAA CAV -B (India)
1ssifglrrcaaccaccacanlleccacncslcleccccaeaccccaalelcav -E (Inaia)
1481 CTTCARCCACCACAAGGCGAGAGGAGCCGGGGACCCCAA|G| CAV -P {India)
1481 CTTCAACCACCACAAGGCGRGAGGARGCCGGGGACCCC A A|G] Cux-1(Germany}
1481 CTTCAACCACCACRAGGCGAGAGGARGCCGGGGACCCCAAR 26P4 (Netherlands)
1481 TTCAACCRCCACAAGCGAGAGGGCCGGGGACCCCAR'?04 (Australia)
1erlgltrcanccaccacanlalesecenrcacalglecceeaeaceccaalg TR-20 (Japan:
1481 CTTCARCCACCACAAGGCGRGAGGAGCCGGGGACCC[A]ARAA BD-3 (Bangladesh)
1481 CTTCAACCACCACAARIGCGAGAGGAGCCGGGGACCCCAARA 98D02152 {USA)
1481l CTTCAACCACCACAAGGCGAGAGGAGCCGGGGACCCCARA Harbin (China)
148l CTTCAACCACCACARGGCGAGAGGAGCCGGGGACCCCARARA SMSC-1P60 (Malaysia)
1481fgJrrcanccaccacnaBleceacnccleleccesaeacecceanlg sMsc-1 (Mataysia)
1491 CTTCAACCACCACARGGCGAGAGGAGCCGGGGACCCCARA Del Ros {USA)
1481 CTTCRACCACCACAARGGCGAGAGGAGCCGGGGACCCCARARA A2 (Japan)
GGCCAGAGATGGCACACGCTGGTGCCGCTCGGCACGGAGA Majority
1 ] L) L)
1530 1540 1550 1560
1521 GGCCAGAGATGGCACACGCTGGTGCCGCTCGGCACGGAGA CAV -A (India)
1521 GGCCAGAGATGGCACACGCTGGTGCCGCT[GI6GGCRCGGAGA CAV -B (India)
1521 sGlalcacaGcGAaTGescacacecr(eT(tceccsercsecac(aJeaca cav -& (India)
1521 GGCCAGAGATGGCACACGCTGGTGCCGCT[G/6GCACGGAGRA CAV -P (India)
1521 GGCCRAGAGATGGCACACGCTGGTGCCGCTCGGCACGGAGA Cux-1(Germany)
1521 GGCCAGAGATGGCACACGCTGGTGCcClcT[clececACGGAGA 26P4 (Netheriands)
152IGGCAGAGATGGCACACGCTGTCCGCTCGGCAC GAGRA 704 {Australia)
1521 GolalcaGaGATGGcAacacserT|rleTltlcceacreescaclale acn TR-20 (Japan)
1521 GGCCAGAGATGGCACACGCTGGTGccGeT[eleG[GlaC G 6AGA BD-3 (Bangladesh)
1521 GGCCAGAGATGGCACACGCTGGTGCCGCTCGGCACGGAGA 98D02152 (USA)
1521 GGCCAGAGATGGCACAC[A/CTGGTGCCEBCTCGEGCACGGAGA Harbin (China)
1521 GGCCAGAGATGGCACACGCTGGTGCCGCTCGGCACGGAGRA SMSC-1P60 {Malaysia)
1521 6GaAlcaAcasaTescacacccr(mer(tlccescrcaacaclalcaca sMsc-1 (Malaysia)
1521 GGCCAGARGATGGCACAC[C/CTGEGTGCCGCTCGGCACGGAGA Dol Ros {USA)
1521 GGCCAGAGATGGCACACGCTGGTGCCGCTCGGCACGGAGA A2 {Japan)



1581
158l
1561
1561
1561
1561
1561
1561
1561
1561
1561
1561
1581
1561
15861

1601
is01
1601
1601
1601
1601
1601
1601
1601
1601
1601
1601
1601
1601
1601

1641
1641
1641
1641
1641
1641
ledl
1641
1641
1641
1641
1641
1641
1641
1641

CCATCACCGACAGCTACATGAGAGCACCCGCATCAGAGCT Majority
| 1 1 |

1570 1580 1590 1600
CCATCACCGACAGCTACATGIT Clé_G CACCCGCATCAGAGCT CAV «A (India)
CCATCACCGACAGCTACATGAICTIGCACCCGCATCAGAGCT CAV -B (India)
CCATCACCGACAGCTACATGAG|IGCGlcclGl6CATCAGAGCT CAV -E {India)
CCHTCBCCGACRGCTACATGHGCACCCGCRTCAGAGCT CAV ~P (India}
CCATCACCGACAGCTACATGITCIAGCACCCGCATCAGAGCT Cux-l(Germany)
CCATCARACCGACAGCTACATGAGITIGCACCCGCATCAGARG CT 26P4 {(Netherlands}
CCATCAC.CGF\CAGCTACF\TGJ\GTGC@CC GCATCAGAGCT 704 {Rustralia}
CCATCACCGACAGCTACATGAGITIGCACTC GCATCAGAGCT TR-20 (Japan}
CCATCACCGACAGCTACATGA TGCACCCGCATCAGAGCT BD=-3 (Bangladesh)
CCATCRARCCGRARCAGCTACATSG CGAGCACCCGCATCAGAGCT 98D02152 {USA)
CCATCACCGACAGCTACAT®G AGCACCCGCATCAGAGCT Harbin {China}
CCATCARACCGACAGCTACATG GAGCACCCGCATCAGAGCT SMSC-1F60 (Malaysia)
CCATCACCGACAGCTACATGAG[TGc[glcelglecaTecnGaGcT sMsc-1 (Malaysia)
CCATCRCCGACAGCTACATGGAGCACCCGCATCAGBGCT Del Ros (USA}
CCATCACCGACAGCTACATGGGAGCACCCGCATCAGAGCT A2 (Japan)
GGACACTAATTTCTTTACGCTTTACGTAGCGCAAGGCACA Majority

T 1 3 L)

1610 1620 1630 1640
GGACACTAATTTCTTTACGCTTTACGTAGCGCRAGG CACA CAV -A {(India)
GGACACTAATTTCTTTACGCTTTACGTAGCGCRARAGGCRARCA CAV -B {India)
GGACACTH A RIIT TCTTTACGCTTTACGTAGCGCAA GiSIIR C A CAV -E (India)
GGACACTAATTTCTTTACGCTTTACGTAGCGCAAGGCACA A CAV ~P {India})
GGACACTAATTTCTTTACGCTTTACGTAGCGCAAGGCACA Cux-l{Germany)
GGACACTAATTTCTTTACGCTTTACGTAGCGUCAAGGCACA A 26P4 {Netherlands}
GGAGACTAATTCT'I‘TACGCTTTACGTAGCGCAAGGCACA 704 (Australia)
GGACACTAAGITTCTTTACGCTTTACGTAGCGCAAGGCACA TR-20 (Japan}
GGRCHC@HJ\TTTCTTTBCGCTTTBCGTBGCGCHBGGCACA BD-2 {Bangladesh)
GGACACTAATTTCTTTACGCTTTACGTAGCGCARAGGCACA 98D02152 (USA)
GGACAC[G/ARTTTCTTTACGCTTTACGTAGCGCAAGGCACA Harbin (China)
GGACACTAAT T'T[]T TTACGCTTTACGTAGCGCAAGGC CACA SMSC-1PH0 [Malaysia)
GGRCACTAB_TTCTTTACGCTTTACGTAGCGCRAGGCRCA SMSC-1 (Malaysia)
GGACACAARTTTCTTTACGCTTTACGTAGCGCARAGG|[TJACA Del Ros (USA)
GGJ\CRCTARTTTTTTRCGCTTTACGTAGCGCRRGGCRCR A2 (Japan)
AATAAGTCGCAGCAGTACAAGTTCGGCACAGCTACATACG Majority

I 1 [ 1

1650 1660 1670 1680

N i | 1 i
RRTABGTCGCA@CHGTACF\RGTTCGGCBCRGCTHCRTACG CAV -A {India)
ARTAAGTCGCAGCAGTACARGTTCGGCACAGCTACATACG CAV -B {India)
AATARETCGCAGCJ’-\GTACF\RGTTCGGCACRGCTACRTRCG CRY -E {India)
AATAAGTCGCAGCAGTACAAGTTCGGCACARAGCTACATACG CAVY -P (India)
ABTBBGTCGCAIECA.GTRCARGTTCGGCACRGCTBCHTHCG Cux-1{Germany)
ARTAARAGTCGCAGCAGTACAAGTTCGGCACAGCTACATACOG 26P4 (Netherlands)
AATAABATCGCAGCAGTACAARAGTTCGGCARARCAGCTACATACG 704 (Australia)
AATAARITCGCAGCAGTACAAGTTCGGCACAGCTACATACG TR-20 {Japan}
AATAAGTCGCAGCAGTACAAGTTCGGCACAGCTACATACG BD-3 (Pangladesh)
AATRARAGTCGCAGCAGTACAAGTTCGGCACAGCTARCATACG 398DO2152 (USA)
AATAAGTCGCAGCAGTACAAMGTTCGGCACAGCTACATACG Harbin {(China)
HATRHEITCGCRGCF\GTRCARGTTCGG'CACAGCTACRTACG SMSC-1PE0 (Malaysia}
AATRRHTCGCJ\GCAGTACARGTTCGGCRCAGCTACTACG SMSC-1 {Malaysia)
ABTAAGTCGCAGCAGTACAAGTTCGGCACAGCTACATACGG Del Ros (USA)
RAT B‘A[]T'C GCAGCAGTACAAGTTCGGCACAGCTACATACG AZ (Japan)



1681
1681
legl
legl
lesl
1681
lesl
legl
le8l
1681
1681
1g81
1681
le8l
legl

1721
1721
1721
1721
1721
1721
1721
172l
1721
1721
1721
1721
1721
1721
1721

1761
1761
1761
1761
1761
1761
1761
1761
1761
1761
1761
1761
1761
1761
1761

Decoration 'Decoration #1':

CGCTAAAGGAGCCGGTAATGAAGAGCGATGCATGGGCAGT Majority
L L] L] L]

16?0 l?PO 1?}0 1??0
CGCTAAAGGAGCCGGTAATGAARGAGCGATGCATGGGCAGT CAV -A {India}
CGCTAJ\AGGAGCCGGTAF\TGAF\GAGCGRGC?—\TGGGCAGT ChV -B {India}
CGCTAAHGGP«E'CCGGTAATGAAGAGCGATGCATGGGCGT CAV ~E {India)
CGCTAAAGGAGCCGGTAATGAAGAGCGJ\GCATGGGCAGT CAV ~F (India}
CGCTARARGGAGCCGGTAATGAAGAGCGATGCATGGGCAGT Cux-l(Germany}
CGCTAAAGGAGCCGGTAATGAAEAGCGATGCATGGGCJ\GT 2EF4 (Netherlands)
CGCTI—\AP«GGRECCGGTAATGAAGAGCGATGCATGGGCGT T04 (Australia}
CGCTAAAGGAA|ICCGGTAATGAAGRGCGATGCATGGEGCC G T TR-20 {Japan}
CGCTAAAGGAGCCGGTAATGAAGAGCGAGCATGGGCAGT BD-3 (Bangladesh)
CGCT?—\AAGGF\GCCGGTAATGAAGAGCGATCATGGGCAGT 28D02152 (USSR}
CGCTAAAGGAIBCCGGTAATGARARAGAGCGATGCATGGGCAGT Harbin (China)
CGCTAAAGGAIR|CCGGT A_A TGAAGAGCGATGCATGGGCAGT SMSC-1P60D (Malaysia)
CGCTAAJ\GGJ\ACCGGTAATGRRGAGCGATGCATGGGC@GT SMSC-1 (Malayaia)
CGCTAAAGGAGCCGGTAATGAAGAGCGATCATGGGCJ\GT Del Ros {USA)
CGCTAARAAGSAGCCGGETRATGARGAGCGATGC CATGGGCAGT AZ (Japan!)
GGTACGCGTCCAGTCGGTCTGGCAARACTGGGTRARRCAGGCAG Majority

I L] ] 1

1??0 1730 lTPD l?FO
GGTACGCGTCCAGTCGGTCTGGC AlQJC TGGGTARACAGGCAG CAV -A (India}
GGTACGCGTCCAGTCGGTCTGGCAACTGGGTAARCAGGCAG CAV -B {(India)
GGETACGCGTCCAGTCGGTCTGGCAACTGGGTAACAGGTC H[] CAV -E (India)
GGTACGCGTCCAGTCGGTCTGGCAARACTGGGTAARCARAGGC CAG CAV =F (India)
GGTACGCGTCCAGTCGGTCTGGCHA CTGGGTAACAGGCAG Cux-l{Germany)
GGTACGCGTCCAGTCGGTCTGGCHA CTGGGTAACAGGCAG 26P4 {(Netherlands)
GGTACGCGTCCAGTCGGTCTGGCAACTGGGTAACAGGCA 704 (Australia)
GGTACGCGTCCAGTCGGTCTGGCARACTGGGTARACAGOGC R|Al TR-20 {(Japan}
GGTACGCGTCCAGTCGGTOCTGGCARACTGGGTARACAGGC CAG BD=-3 {Bangladesh)
GG TACGCGTCCARAGTOCGGTCTGGCARACTGGGTAARACARAGG CACG 38D02152 {USA)
GGTACGCGTCCAGTCGGTCTGGCAACTGGGTAACGGCAG Harbin (China)
GGTCGCGTCCAGTCGG‘TCTGGCAACTGGGTAACAGGCRG SMSC-1P60 (Malaysia)
GGTACGCGTCCAE'TCGGTCTGGCAACTGGGTAACAGGCRSHSC—l {Malaysia)
GGTACGCGTCCAGTCGGTCTGGCRARACTGGGTAACAGGCAG Del Ros (USA)
GGTCGCGTCCAGTCGGTCTGGCAP\CTGGGTAACAGGCAG k2 (Japan)
AGGCCA Majority
AGGCCA CAV -A {India}
AGGCCA CAY -B {Indis}
AGGCCA CAV -E {India)
BGGCCA CAV -P (Indis}
AGGCCA Cux-1{Germany}
AGGCCA 26P4 (Netherlands)
AGGCCH 704 (Australia)
AGGCCHA TR-20 (Japan)
AGGCCH BD-3 (Bangladesh)
AGGCCA 98D02152 (USA)
AGGCCA Harbin (China)
AGGCCA SMSC-1P60 {Malaysia}
AGGCCHA SMSC-1 {Malaysia}
aclalcca Del Ros {USA)
BGGCCA AZ {Japan)

Box residues that differ fraom the Consensus,
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Fig. 14. Alignment of deduced amino acid sequences of VP1 gene region
of different chicken anaemia viruses. Aminoacid residues differing
from maioritv are hoxed.
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41
41
41
41
41
41
41
41
41
41
41
41
41
41
41

81
81
81
8l
81
81
A1
81
81
8l
81
gl
81
81
81

R QRBRY Majority
T

MARRAREREPFR E_B FYAFRRGRWHHLEKRLRRRYKFRUHRR
1 T
10 20 30 40
1 1 1 L
MARRARRPRGRFYAFRRGEWHHLEKRLRRRYKFRHARRRQRY
MARRARRPRGEFYAFRRGRWREHLEKRLRRRYKFRHRRRQRY
MARRARRPRGRFYAFRARRGRWHHLEKRLRRRYKFRHRRROQRY
MARRARRPRGRFYAFRARRGRWHHLEKRLRRRYKFRHRRRQRY
MARRARRPRGRFYAFRRGRWHHLERLRRRERYKFRHRRRQRY
MARRBARRRPRGRFYAFRRGRWHHLERLRRRYKFRHRRRQRY
MARRARRPRGRFYAFRRGRWHHLEKRLRRRYKFRHRRRQRY
MARRARRPRGRFYAFRRGRWHHLEKRLRRRYKFRHRRRQRY
MARRARRRFRGERTF Y[]F‘R ARGSREWHHLERLERRYKFRHRERERQERY
MARRARRPRGRFYAFRRGRWHHLEKRLRRRYKFRHRRRQRY
MARRARRPRGRFYAFRRGRWHHLEKRLRRRYKFRHRRROQRY
MARRARRPRGRFYAFRRGRWHHLKRLRRRYKFRHRRRQRY
MARRARRPRGRFYAFRRGRWHHLEKRLRRRYKFRHOERRRQRY
MARRARRPFPRGRFYAFARGRWHHEHLERLRRRYKFHEHRRRORY
MARRARHKEPRGRFYAFRRGRWHHLEKRLARRYKFRHRRRQRY
RREAFRKAFHNPRPGTYSVRLPNPOQSTMTIRFQGVIFLTE
T T 1 T
50 &0 70 40
1 i 1 . 1
RRRAFRKAFHNPRPGTYSVRLPNPQSTMTIRERQ GIiJI FLTE
RRERAFRKAFHNPRPGTYSVRLPNPOQSTHMTIRFQGIIJIFLTE
RRRAFREKAFHNPRPGTYSVRLPNPQSTMTIRFQGVIFLTE
RERRAFRKAFHNPRPGTYSVRLENPQSTMTIREFRDQ GIi]ZF]LT E
RRRAFRKAFHNPRPGTYSVRLPNPOQSTMNMTIRFQGIIIIFLTE
RRRAFRKAFHNPRPGTYSVRLPNPOQSTMTIRFQGVIFLTE
RRRAFRKAFHHNPRPGTYSVRLPNPQSTMTIRFQGVIFLTE
RRRAFRKAFHNPREFGTYSVRLPNPQSTMTIREFCQ G[:]I FLTE
RREAFRKAFHNPRPGTYSVRLPNPQSTMTIRFQGVIFLTE
RREAEAFREKEAFHNPRPGTYSVRLPNPOQSTMTIRFQGVIFLTE
RREAFRKAFHNPRPGTYSVRLPNPOQSTMTIRFQGVIFLTE
RRRAFRKAFHNPRPGTYSVRLPNPQSTMTIREFQ GII]ZF LTE
RRRAFRARKAFHNPRPGTYSVRLPNPQSTMTIREFQGVIFLTE
RRRAFREKAFHNPRPGTYSVRLPEPNPOQSETMTIREG G[i]I FLTE
RRARFREKAFHNPRPGTYSVRLPNPQSTMTIREQGVYIFLTE
GLILPKNSTAGGYARDHMYGARVAKISVNLEKEFLLASMNLT
T T T 1
S0 100 110 120
1 1 i L
GLILPKNSTAGGYATD HlfJY GARVAKISVHLEKEFLLASMNLT
GLILPKNSTAGGYADHILIYGARVAKISVNLEKEFLLASMNLT
GLILPEKENSTAGGYADHMYGARVAKISVNLEEFLLASMHNLT
GLILPKNSTAGGYRHA DliiiY GARVAKISVHNLEKEFLLASMNLT
GLILPHEKNSTAGGYADH|[LIYGARVAKISVNLEKEFLLASMNLT
GLILPENSTAGGYARDHMYGARVAKISVYVHNLEKEFLLASMHNLT
GLILPKNSTAGGYARDHNYGARVYAKISVNLEEFLLASMNLT
GLILPKNSTAGGYA A Dl{llY GARVAKISVYNLEKEFLLASMNLT
GLILPEHNSTAGGYADHMYGARVAKISVNLEEFLLASMHNLT
GLILPEKENSTAGGYADHMYGARVAKISVNLEEFLLASMNLT
GLILPKNSTAGGYADHMYGARVAEKISVNLEKEFLLASMNLT
GLILFPEHNST AtSEJY R D H]ﬂ YGARVAKISYVNLEKEFLLASMHNLT
G‘LIIL PENSTAGGYADHMYGARVAKISYNLEKEFLLASMNLT
GLILPKNSTAGGYH A DIllIY GARVAEKEISVNLEKEFLLASHMNLT
GLILPKNSTAGGYADHMYGARVAKISVNLEEFLLASMNLT

CAV -E.
CAV -B

{India)
{India)
CAV -A (India)
CAY -P (India)

704 {hustralia)
26P4 (Netherlands}
A2 (Japan}

BD=3 {Bangladesh)
Cux-1(Germany)

Del Ros (USA)}
Harbin (China)
SMSC-1 (Malaysia}
SMSC-1P60 (Malaysia)
TR=-20 ({Japan}
98D02152 (USA)

Majority

CAY -E. (India)
CAY =B (India}
CAY -A (India)
CAV ~P (India}

704 (Australia)
26P4 (Netherlands)
A2 (Japan)

BD-3 (Bangladesh)
Cux-1(Germany}

Del Ros (USA)
Harbin (China)
SMSC-1 {(Malaysia)
SMSC-1P60 (Malaysia)
TR-20 {Japan}
98D02152 {(USA)

Majority

CAV -E.
CAV -B
CRV -A
CAY -P

{India}
{India)
{India}
{India}

704 {Australia)
26FP4 (Netherlands)
A2 {Japan)

BD-3 (Bangladesh)
Cux-1{Germany}

Del Ros (USA)
Harbin {(China}
SMSC~1 {Malaysia)
SMSC~1P60 (Malaysia)
TR-20 {Japan)
38D02152 {USA)



121
121
121
121
121
121
121
121
121
121
121
121
121
121
121

161
161
161
161
16l
16l
161
151
16l
161
161
161
161
161
161

201
201
201
201
201
201
201
201
201
201
201
201
201
201
201

Y\FSKIGGPIAGELIADGSKSQAAENHPNCHLPLDNNUPSF‘\Hajority
T T T

130 140 150 160

1 1 1 1
Y\I'SKI'GGPIAGELIADGSI;ISQAAQNWPNCWLPLDNNUPSA CAV -E, (India)
YVSKIGGPIAGELIADGSIQISQAAWRQNWENCWLPLDNNYPSA CAV ~B {India)
YVSKGGPIAGEI..IADGSKSQAADNWPNCWLPLDNNUPSA ChRV -a (India}
YVSKIGGPIAGELIADGSESQARHNHPNCWLPLDNHVPSA CAY -P {India)
YVSKIGGPIAGELIADGS SQAAQINWPNCWLPLDNNVPSA 704 {Australia}
YVSKIGGPIAGELIADGSKSQAAENHPNCHLPLDNNIE'PSA 26P4 (Netherlands}
YVSKIGGPIAGELIADGSKSIEARENWPNCHLPLDHH P S A A2 {Japan)
YVSKIGGPIAGELIJ\DGSE]SQAAENWPNCHLPLDNNVPSA BD-2 {Bangladash)
YVSKIGGPIAGELIADGSKSQAA DNWPNCWLPEFLDNNYPSA Cuk-l(Germany}
YVSKIGGPIAGELIADGSKSQAAENWPNCWLPLDNNYPSA Del Ros (USh}
YVEKIGGPIAGELIADGSKSQAAENWPHNCWLELDNNYPSA Harbin {China}
Y‘JSKIGGPIAGELIADGS@SQAR@NWPNCWLPLDNNUPSA'SHSC—I {(Malaysia}
Y\FSKIGGPIAGELIADGSKSIEAAENWPHCWLPLDNHEPSJ\ SMSC-1P60 (Malaysia)
YVSKIGGPIAGELIJ\DGS[ESQAAE]NWPNCWLPLDNNVPSJ\ TR~20 {Japan)
YVSKIGGPIAGELIADGSKSQARENWPNCWLELDHNNVPSA 98002152 {USA)
TPSJ\WWRWALHHHQPTDSCRFFHHPKQHTLQDHGRHFGGH’T Majority

T T T

170 180 190 200

L 1 1 1
TPSAWWRWALMMMOQPTDSCRFFNHPEKOUOMTLOQDHMGRMPFGGW CAY -E. (India)
TPSAWWRWALMMMQPTDSCRFFNHPEKQMTLQDMGRMFGGW CAV ~B (India)
TPSAWWRWALMMMOQPTDSCRFFNHPEOMTLODMGRMFEFGGW CAV -A (India)
TPSAWWRWALMMMOQPTDSCRFFNHPKOMTLOQDMGRMFEFGGW CAY -P (India)
TPSAWWRWALMMMOQPTDSCRFFNHPKOMTLODMGRMFEFGGHW 704 (Australia)
TPSAWWRWALMMMQPTOSCRFFNHFKOQMTLQDMGRMFEGGW 26P{ {Metherlands)
TPSAWWRWALMMMQPTODSCRFFNHPEQMTLOQDMGRMFEGGW R2 {Japan)
TPSAWWRWALMMMOQPTDSCRFFNHPKQMTLOQDMGRMFEFGGW BD-3 (Bangladesh}
TPSAWWRWALMMMQPTDSCRFFNHFPFPKOMTLQOQDMGRMFGG W Cux-l(Germany)
TESAWWRWALMMMGQPTDSCRFFNHPKQMTLQDMGRMFGGW Del Ros {(USA)
TPSAWWRWALMMMQPTDSCRFFNHEPEQMTLOQDMGRMFGGW Harbin (China)
TPSAWWRWALMMMOQPTDSCRFFNEPKQMTLQDMGRMEGGW 3MSC-1 (Malaysia)
TPESAWWRWALMMMOQPTDSCRFFNHPEQMTLQDMGRMFGGW SMSC-1P60 {Malaysia}
TPSAWWRWALMMMQPTDSCRFFNHPKQMTLODMGRMEFGGW TR-20 (Japan)
TPSAWWRWALMMMOPTDSCRFFNHPEKQMTLQDMGRMFEFGGW 98D02152 (USR)
AHLFRHIETRFQLLATKNEGSFSPVASLLSQGEYLTRRDDV Majority

T T T T

210 220 230 240

) 1 1 1
ELFRAIETRFQLLATENEGSFSPVASLLSQGEYLTRRDDYV CAV -E. (India)
ALFRHIETRFOLLATKENEGSFSPVASLLSOQGEYLTRRDDY CAV -B (India)
HLFRHIETBFQLLATKENEGSFSPVASLLSQGEYLTRRDDYV CAV -A (India)
ALFRHIETRFQLLATKNEGS FSPVASLLSOQGEYLTRRARDDYV CAV -F (India)
HLFRHIETRFQLLATKNEGSFSPVASLLSQGEYLTRRDDYV 704 (Rustralia)
ALFRHIETRFQLLATKNEGSFSPVASLLSQGEYLTRRADDV 26P{ {(Netherlands)
ALFRATIETRFQLLATKNEGSFSPVASLLSQGEYLTRRDDY A2 (Japan)
HLFRHIETRFQLLATKNEGSFSPVASLLSQGEYLTRRADDYV BD-3 (Bangladesh)
HLFRHIETRFQLLATKNEGSFSPVASLLSQGEYLTRRDDV Cuk-l({Germany)
HLFRHIETRFQLLATKNEGSFSPVASLLSQGEYLTRRDDY Del Ro3 (USA}
HLFRHIETRFQLLATKNEGSFSPVASLLSQGEYLTRRDDV Harbin (China)
HLFRHIETRFQLLATKNEGSFSPVASLLSQGEYLTRRDDV SMSC~-1 (Malaysia)
HLFREIETRFOLLATKNEGS FSPVASLLSOQGEYLTRRARDDYV IMSC~-1P60 (Malaysia)
HLFRHIETRFQLLRTKNEGSFSPVASLLSQGEYLTRRDDIE'TR*ZO {Japan)
HLFRHIETRFOQLLATKNEGSFSPVASLLSQGEYLTRRDDV 3%8D02152 (USA}



241
241
241
241
241
241
241
241
241
241
241
241
241
241
241

281
281
281
281
281
281
281
281
281
281
281
281
28l
281
281

321
321
32l
EVY
321
321
32t
321
321
azl
3zl
21
321
321
321

P P Majority

KYSSDHQNRWRKGEQPMTGGIAYATGKMRPDEQQYPAM
T T T T
250 260 270 280
L 1 1 1
KYSSDHONRWRKGEQPMTGGIAYATGKMRPDEQOQYPAMEP
KYSSDHONRWRKGEQPMTGGIAYATGKMRPDEQQYPAMPEP
KYSSDHORR WEE]K G[:]Q PMTGGIAYATGKMRPDEQQYPAMETP
KYSSDEQNRWRKGEQPEMTGG Il[]Y ATGKEMRPDEQ Q[:]P AMPP
KYSSDHQWNRWRKGEQPMTGGIRYATGKMRPDEQQYPARAMPP
KYSSDHQOQNRWRK GIHCIP MTGGIAYATGKMRPDEQQYPAMPP
KYSSDHONRWRKGEQPMTGGIAYATGKMRPDEQQYPAMPYP
KYSSDHQRNRWRKGEQPMTIGGIAYATGKMRPDEQOQYPFPAMPP
KYSSDHQHKER W[EHK G[:]Q PMTGGIAYATGKMRPDEQQYPAMPP
KYSSDHQWNRWRKGEQPMTGGIAYATGKMRPDEQQYPAMPP
KYSSDHQNRWRKGEQPMTGGIAYATGKMRPDEQQYPAMPP
KYSSDHOQNRWREKEGEQPMTGGIAYATGKMRPDEQOYPAMPP
KYSSDHQNRWRKGEQPFMTGGIAYATGEMRPDEQQYPAMPP
KYSSDHONRWRKGEQPMTGCGIAYATGKMRPDEQOQYPARMPEP
KYSSDHQNRWREGEQPMTGGIAYATGKMRPDEQQYPAMEPEEP
DPPIITTTTAQGTOQVROUMNSTQAWWSWDTYMSFATLTALG
T T T T
2?0 3?0 3%0 3%0
DEPIITTT TlBJQ GTOQVRCMNSTQAWWSWDTYMSFATLTALG
DPPIITHAITTAQGTOQVRCMNSTQAWWSHWDTYMNSFATLTALG
DPPIITIAITTAQGTOQVRCMNSTQAWWSWIDTYMSFATLTALG
DPPIITWHWRTTAQGTOQVRCHMNSTQAWWSWDTYMSFATLTALG
DPPITITTT Tl[]Q GTOVRCMNSTQAWWSWDTYMSFATLTALG
DPPIITTTTAQGTQVRCMNSTOQAWWSWDTYMSFATLTALG
DPPIITISITTAQGTQVRCMNSTQAWWSWDTYMSFATLTALG
DPPIITAITTAQGTOQVRCHMNSTOAWWSWDTYMSFATLTALG
DPPIITAITTAQGTQVRCMESTQAWWSHNDTYMSFATLTALG
DPPIITISSTTAQGTQVRUMNSTQAWWSWDTYMSFATLTALG
DPEI1ITTTTAOQGTOQVRCOCMNSTQAWWSHWHDTYMSFATLTALG
DPPIITTT Tl[]Q G T[:]V RCHMNSTQAWWSWDTYMSFATLTALG
DPPFI I'P[]T TAQGTQ V]RHIH HSTQAWNSWDTYMSFATLTALG
DPPIITTT T‘EJQ GTQVRCMNSTOAWWSWDTYMSFATLTALG
DEPI I'T[]T TAQGTQVRCHMNSTQAWWSWDTYMSFATLTALG
AOCWSFPPGQRSIVSARSFNHHEKEARGAGDPKGQRWHTLYPLG
T T T T
330 340 350 360
! i I i
AQWSFPPGORSVSRRSFNHHKARGAGDPKGOQRWHTLVPLG
AQWSFPPGQRSVSESRRSFNEHEARGAGDPRPKGQRWHTLVPLG
AQWSFPPGQRSVSRRSFNHHKARGAGDPKGQRWHTLVPLG
AQWSFPPGORSVYSRRSFNHHKARGAGDPKGQRWHTLVPLG
AQWSFPPGQRSYSRESFNHHKARGRGDPEKGOQRWHTLVPLG
ARQWESFPPGQRSYVISRRSFNHEHEKARGAGDPEGQRWHTLVPLG
AQWSFPPGQRSVSERSFHNHHKARGAGDPEGQRWHTLVPLG
AQWSFPPGQRSEVSRRIFNHEHEKARGAGDPEKGQRWEHETLVPEPLG
AQWSFPPGQRSVSARRSFNHHEARGAGDPKGQRWHEHTLVPLG
AQWSFPPGQRSVSRRSFNHHKARGAGDPKGQRWHTLVPLG
AQWSFPPGOQRSVSRRSFNHHKARGAGDPKGOQRWHTLVPLG
AQWSFPPGQRSVIRRSFNHHKARGAGDPEGQRWHTLVYPLG
AQWSFPPGORSVYVSRRSFNEHKARGAGDPEGQRWHTLVPELG
AQWSFPPGQRSYSRARRSFNHHEKEARGAGDPEGQRWHTLVELG
AQWSFPPGCGQRSYSRARRSFNRERHKARGAGDPKGQRWHTLVPLG

CAV -E.
CAV -B

(India)
[India}
CAV -A (India)
CAY -P {India)

704 {(Rustralia)
26P4 {Metherlands}
Az {(Japan)

BD-3 (Bangladesh)
Cux~1 (Germany)

Del Ros {USA)
Harbin (China)
SMSC-1 {Malaysia)
SMSC-1P60 (Malaysia)
TR=-20 {Japan}
98D02152 {USA}

Majeority

-E. (India}

~B (India)

-A {(India)

CAV -P (India)

704 (Australia}
26F4 (Netherlands)
A2 (Japan})

BCD-3 (Bangladesh)
Cux~1 {Germany)

Del Ros (USA}
Harbin {Chinaj
SMSC-1 [Malaysia)
SMSC-1FP60 {Malaysia)
TR-20 {Japan)
98D02152 (USA)

Majority

{Ingia)
{India}
{India)
CAV =P {India)

704 (Australie)
26P4 (Netherlands)
A2 (Japan)

BD~-3 (Bangladesh)
Cux-1 (Germany)

Del Rocs {(USA}
Harbin {China)
SMSC~1 {Malaysia)
SMSC-1P60 (Malaysia)
TR-20 (Japan}
98D02152 (USA)

CAV -E.
CAV -B
CAV ~A



T A Majority
|

TETITDSYMSAPASELDTHNFFTLYVAQGTHKSQOYKFG
L) L} L)
370 380 390 400
36l TETITDSYMSAPARSELDTNFFTLYVAROQGTNKSOQYKFEGTA
%1 TETITODSYMTJAPASELDTNFFTLYVAQGTNKSQQYKFGTA
%1 TETITDSYMSARPASELDTRNFFTLYVAQGTNKSQOYKFGTA
31 TETITDSYMSAPASELDTNFFTLYVAQGTNKSQQYKFGTA
368l TETITDSYMSAPASELDTHNFFTLYVAQGTNKSQQYKFGTA
361 TETITDSYMSRARPASELDTNFFTLYVAQGTHNKSQQYKFGTA
Is1 TETITDSYHRPASELDTNFFTLYVRQGTNKSQQYKFGTA
31 TETITDSYM{TIIAPASELDTNFFTLYVAQGTRKSQQYKFGTA
WBLTETITDSYMSARPASELDTNFFTLYVAQGTNKSQQYKFGTA
361 TETITDSYMGAPASELDTNFFTLYVAQOGTNKSQQYKFGTA
31 TETITDSYMSARPASELDTHNFFTLYVAQGTNEKSQQYKFGTA
361 TETITDSYMSARPFASELDTNFFTLYVAQGTNKSQOQYXFGTA
361 TETITDSYMGAPASELDTNEFTLYVAQGTNKSQQYKFGTA
36l TETITDSYMSAPASELDTNFFTLYVAQGTNKSQQYKFGTA
361l TETITDSYMGAPASELDTNFFTLYVAQGTHNKSQQYKFGTA
TYALKEPVMKSDAWARAVVRVOSVWOLGNRGQREP
1) ] 1]
410 420 430
E (] i
40l TYALKEPVMEKSDAWAVVYVRVOSVWQLGNROQREP
401l TYALKEPVMKSDAWAVVRVOQIVWOLGNRQREP
40l TYALKEPVMKSDAWAVVRVOSVWOLGNRQREP
40l TYALKEPVMKSDAWAVVYVRVOQSVWOLGNRQREP
401 TYALKEPVMKSDAWAVVRVQSVWQLGNRQREP
401 TYARLEKEPVMKSDAWAVVRVOQIVWOQLGNRQREP
4L TYRLKEPVMEKSDAWAVVRVQSVWQLGNRGQRP
401l TYALKEPVMEKSDAWAVVRVQSVWOLGNRQRP
40l TYALKEPVMEKSDAWAVVRVOQSVWQLGNRQRE
0L TYALKEPVMKSD[SIWAVVRVQSVWQLGNRQRP
401 TYALKEPVMESDAWAVVRVQOQSVWQLGNRQREP
40l TYALKEPVMKSDAWAVVRVOSVYVWOLGNRQRP
40l TYALKEPVMKSDAWAVYRVOSYWQLGNRQRP
40l TYALKEPVMKSDAWAVVRVQSVWQLGNRQREP
401 TYALKEPVMKSD[SlWAVVEVQSVHWQLGNRORE

Decoration

‘Decoration #1°':

Box residues

that differ from the Consensus.

CRV
CRV
CRY
CAV

-E.
-B

{India)
{India}

~A IIndia}

-P (India)

704 {hustralia}
26P4 (Netherlands)
A2 {Japan)

BD-3 {Bangladesh}
Cux-1 (Germany)

Del Ros (USA)
Harbin (China)
5MSC-1 (Malaysia)
SMSC-1P60 {Malaysia}
TR-20 (Japan)
98002152 (0SA)

Majority

CRV
CRV

-E. ({India)

-B {India}

CRY =A (India)

CAV -P {India)}

704 {Australia)
26P4 (Netherlands)
A2 (Japan)

BD~3 (Bangladesh}
Cux-1{Germany)

Del Ros {(0SA)
Harbin (China}
SMSC-1 {(Malaysia}
SMSC-1P60 (Malaysia)
TR=20 (Japan)
99002152 {0SA)
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Fig. 15. Alignment of deduced amino acid sequences of VP2 gene region
of different chicken anaemia viruses. Aminoacid residues differing
from majority are boxed.



B S = =T = =

41
41
41
41
41
41
41
41
4%
41
41
41
il
11
41
41

81
a1
81
81
8l
Bl
8l
81
81
81
81
81
81
8l
81
g1

MHGNGGQPAAGGSESALSREGQPGPSGARARARAOGOQVISNERSP Majority

T T T T

10 20 30 40

) 1 1 1
MHGNGGQPAAGGSESALSREGQPGPSGARQGQVISNERSP CAV -A {India}
MEHGNGGQPAAGGSESALSREGQPGPSGAAQGQVISNERSEP Cav -B (India)
MHGNGGQPAAGGSESALSREGQPGPSGAAQGQVISHNERSTP CAV «C (India}
MEHGNGGQOPAAGGSESALSREGQPGPSGARARQGQVISNERSP CAV ~E {India}
MEGNGGQPAAGGSESALSREGQPGPSGARQGQVISNERSFP CAV -P {(India)
MHGHGGQPARARRGGSESALSREGQPGPSGAAQGQOQVISNERSP 38D02152 (U3A)
MHGNGGLZPAARGGIESALSREGQPGPSGAROQGQVISNERSP 704 (Rustralia}
MHGNGGQPAAGGSESALSREGQPGPSGAARAQGOQVISNERSP A2 {(Japan)
MHGNGGQPAAGGIESALSREGQPGPSGAAQGQVISNERSP BD-3 (Bangladesh)}
MHGNGGQPAAGGSESALSREGQPGPSGAAQGQVI SNERSP Cux-il{Germany;
HHGN@GQPAAGGSESALSREGQPGPSGAAQGQVISNERSP Del Reos (USA)
MHGNG@QPAAGGSESALSREGQPGPSGAAQGQVISNERSF Harbin (China)
MHGNGGQPAARAGGSESALSREGQPGPSGAARAQGQOQVISNERSDYP SMS5C-1 {(Malaysia)
MHGNGGQPAAGGSESALSREGQPGPSGAAQGQVISNERSP SMSC-1P60 (Malaysia)
MHGNGGQPARARGGSESALSREGQPGPSGAAQGQVISNERSEP TR-20 (Japan)
MHGNGGQPAARGGSEIARLSREGQPGPSGAAQGQRVISHNERSP 26P4 (Netherlands)
RRYSTRTINGVOQATNKFTAVGNPSLORDPDWYRWNYMNHSI Majority

T T T T

50 60 70 80

! 1 ! 1
RRYSTRTINGVOQATNKFTAVGNPSLOQRDPDWYRWNYNHSTI CAV -A (India)
RRYSTRTINGVQATNEKFTAVGNPSLORDPDWYRWNRYUNHSI CAV ~-B (India}
RRYSTRTINGVQATNEKFTAVGNPSLOQRDPDWYRWNYNRHRSI CAV -C (India}
RRYSTRTINGVOQATHNKFTAVGNPSLQRDPDWRYRWNYNHSTI CAV -E {India}
REYSTRTINGVQATNKFTAVGNPSLORDPDWYRWNYNHSI CAV ~P (India)
RRYSTRTINGVQATHNKFTAVGNPSLQRDPDWYRWHNYNHSTI 938D02152 {U3SR)
RERYSTRTINGVOQATNKFTAVGNPSLQOQRDPDRYRWNTYMNHSI 704 (Rustralia)
RRYISTRTINGVYQATNKFTAVGNPSLORDPDWYRWHNYNHSI A2 {(Japan)
RRYSTRTINGYQATNEKEFTAVGNPSLQRDPDWYRWNYNHSI BD-3 (Bangladesh!}
RRYSTRTINGYQATNEKEFTAVGNPSLQRDPDWYHRWNYNEHSI Cux-l{Germany)
RRYSTRTINGVQATNKFTAVGNPSLQRDPDWYRWHNTYNHSI Dl Ros {USA)
RRYSTRTINGVOQATNEKFTAVGNPSLOQRDPDWYRWNYNAHSI Harbin (Chinal
RRYSTRTINGVQATHNEKFTAVGNPSLOQRDPDWYRWHNYNHSTI SMSC-1 (Malaysia}
RRYSTRTINGVOQATNKFTAVGNPSLOQRDPDWYRWNYNHSTI SMSC-1P50 (Malaysia)
RRYSTRTINGYQATNKFTAVGNPSLOQRDPDWYRWNYNAHSI TR-20 (Japan)
RERYSTRTINGYQATNEKFTAVGNPSLQREDPDWYHWNYNHSI 26P4 (Wetherlands)
AVWLBRECSESHARARKICHNCGQFREHRFQECAGLEDRSTOQASL Majority

T T T T

a0 o0 110 120

] 1 : 1 1
AVWLRECSRSHAKICHNCGQFRKHWFQECAGLEDRSTOQASTL CAY -A (India)
AVHNLREECSRARSHAKICNCGQFREKHWFOQDECARARGLEDRSTQASL CAY -B (India)
AVWLAESSRARSHAKICNCGQOQFREEWFQECAGLEDRSTOQASL CRY -C {(India)
AVWLRECSRSHAKICNCGQFREHWFQECAGLEDRSTQASL CRVY -E {India)
AVWNLRECSRSHAKICNCGOQFRKHWFQECAGLEDRSTQARSL CAY -P (India)
AVWLRECSRSHAKICNCGQFRKHWFQECAGLEDRSTOQARSTL 98D02152 (USA)
RVWLRECSRSHRKICNCGQFRKHWFQECAGLEDRS@QASL 704 (Australia)
AVWLRECSRSHAKICHNCGQFRKHWFQECAGLEDRSTQASL A2 (Japan)
AYVWLRECERSHAKICNCGQFRKHWFQECAGLEDRSTOQASL BD-2 (Bangladesh)
AVWLRECSRSHAKICNCGQFREKHAHWFQECRARGLEDRSTOQASIL Cux-l{Germany!}
AVWLRECERSHAKICNCGQFRKHWFQECRARGLEDRSTOQASL Del Ros (USR)
AVWLRECSRIHAKICNCGQFRKHWFQECAGLEDRSTQASL Harbin {China)
AVWLRECSRSHAKICNCGQFRKHWFQECAGLEDRSTOASIL 3MSC-1 {Malaysia}
AVWALRECSRSHAKICNCGOQFRKHWFQECAGLEDRSTQAS L SMSC-1P60 (Malaysia)
AVWLRECSRSHAKICRCGQFREKHWFQECAGLEDRSTOQASL TR-20 {Japan)
AVWLRECSRSHAKICNCGQFRKHWFQECAGLEDRSTOQARSL 26P4 (Netherlands)



DELADREADFTFPIEEDGGTTSSIDFDEDINRFDIGGDSGIVD
1 | I ]
170 180 180 200
i (] 1 i
iel DELADREADFTPSEEDGGTTSSDFDEDINFDIGGDSGIVD
161 DELADREADFTPSEEDGGTTSSDFDEDINFDIGGDSGIVD
16l DELADREADFTPSEEDGGTTS SDEDEDINFDIGGDSGIVD
16l DELADREADFTPSEEDGGTTSSDF D[]D INFDIGGDSGIVD
161l DELADREADFTPSEEDGGTTSSDFDEDINFDIGGDSGIVD
16l DELADREADFTPSEEDPGGTTSSDFEFDEDINFDIGGDSGIVD
16l DELADREADFTPSEEDGGTTSSDFEFDEDIEINFDIGGDSGIVD
6l DELADREADFTPSEEDGGTTSSDFDEDINFDIGGDSGIVD
16l DELADREADFTPSEEDGGTTSSDFDPDEDINFDIGSDSEGIVD
183l DELADREADFTPSEEDGGTTSSDFODEDINFDIGSDSGIVED
16l DELADREADFTPSEEDGGTTSSDFDEDINFDIGGDSGIVD
16l DELADREADFTPSEEDGG TTSSDFDEDINFDIGGDSGIVD
68l DELADREADFTPSEEDGGTTSSDFDEDINFDIGGDSGIVD
16l PELADREADFTPSEEDGGTTSSDFDEDINFDIGGDSGIVD
16l DPELADREADFTPSEEDGGTTSSDFDEDINFDIGGDSGIVD
18] DELADREADFTPSEEDGGTTSSD FIJ[]D INFDIGGDSGIVD
ELLGRFFTTPAPVRIV
L)
2%0
20l ELLGRPFTTPAPVRIV
ZOlELLGRPFTTPAPVRIV
20l ELLGRPFTTEAPVERIV
20l ELLGRPFTTPARPVRIV
201l ELLGRPFTTPAPVRIV
20l ELLGRPFTTPRARPVRIV
Z0lELLGRPFTTPAPVRIV
20 ELLGRPFTTPAPVERIV
Z0lLELLGRPFTTPAPVRIV
20 ELLGRPFTTPAPVYRIV
Z0l ELLGRPFTTPRARPVRIV
2ZlELLGRPFTTPAPVRIV
Z0lELLGRFPFFTTPAPVRIV
2l ELLGRPFTTPAPVRIV
20 ELLGRPFTTPAPVERIV
200 ELLGRPFTTPAPVYRIV
Box residues that differ from the Consensua.

Decoration 'Decoration #1°:

Majority

CAV -A (India)

CAV -B {India}

CAV -C (India)

CAV ~E {India)

CAV -P (India)
98D02152 (USA)

704 (Rustralia)

A2 (Japan}

BD-3 (Pangladesh)
Cux-1(Germany)

Del Ros ({USA)
Harbin (China)
SMSC-1 (Malaysia)
SMSC-1P&0 (Malaysia)
TR~20 {Japan)

26P4 (Netherlands)

Majoriky

CAV -A {India)
CAV -B {India)
CAY -C ({India)
CAY -E (India)
CAV -P {(India}
98002152 ({USA}

704 (Australia}
A2 (Japan}

Bb-3 ({Bangladesh}
Cux~1{Germany]

Del Ros (USA)
Harbin (China)
SMSC-1 (Malaysia)
SMSC-1F60 (Malaysia)
TR-20 (Japan)

26FP4 (Hetherlands)
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ranging from 0 to 0.9% among the indian and foreign isolates (Table 6). Among the Indian
isolates CAV-E showed maximum variation of 0.9%. CAV-B, CAV-C and CAV-P were
100% identical among themselves and also with foreign strains viz.,, BD-3 (Bangiadesh),
TR-20 (Japan) and SMSC-P (Malaysia).

2.5 Phylogenetic analysis

Phylogenetic analysis based on the nuclectide sequence of 1766 bp region of
indian CAV isolates along with foreign isolates is given in Fig.16. This study revealed that
CAV-A and Cux-1 had similar lineage and very closely related since they formed a cluster
whereas CAV-B and CAV-P formed a separate cluster along with the BD-3 (Bangladesh).
CAV-E formed a different cluster along with 704 (Australian), TR-20 (Japanese) and
SMSC-1 (Malaysian) isolates which had a separate unique lineage. The USA isolates (Del
Ross, DS2152), Japanese {A-2} and Malaysian attenuated SMSC-1 PGB0 strain formed
another separate cluster.

Phylogenetic tree based on the 431 amino acids sequence of VP1 (Fig. 17)
indicated that CAV-A was closely related to European whereas CAV-B, P and E were
closely related to Australian, Malaysian and Bangladesh strains. Phylogenetic analysis
based on the amino acid sequences of VP2 region did not reveal any major difference
(Fig. 18).

3. PATHOGENICITY STUDIES

Pathogenicity studies in Fiay old SPF chicks indicated that ail the five Indian
isolates of CAV are highly pathogenic and no significant variation was found among them.
The results of the comparative pathogenicity of all the 5 isolates are given in Table 7. All
the isolates produced severe anaemia, reduced weight gain, gross and microscopic
lesions in the infected chicks. The mean PCV value of CAV infected groups ranged from
12.83£3.32 to 15.33+2.07 as compared to the PCV of control chicks 32.33+3.39 on 15"
day post infection. Simiiarly, the mean body weight of the CAV infected groups was
significantly lower (85.0£05.62 to 89.00£4.90) than the control chicks (103.50+5.43) on
15 DPL Difference among the isolates was found based on the mortality. CAV-E, CAV-P
and CAV-A caused death of 2,1 and 1 chicks, respectively. All the Indian isolates invariably
produced atrophy of thymus, aplasia of bone marrow, spleen and bursat atrophy, and
paieness of liver (Fig. 19). All the isolates also produced severe lymphocyte depletion in
the lymphoid organs viz., thymus, bone marrow, spleen and bursa of ail the infected chicks

(Fig. 20). Few chicks of the infected group that showed lesions in thymus, bone marrow

44



_—— 98D02152 (USA)

Del Ros (USA)
~— SMSC-1P60 {Malaysia)

_{ LAz (Japan)

Harbin (China)

26P4 (Netherlands)
r— CAV -A (India)

b— Cux-1(Germany)

[ CAV -B {India)
BD-3 (Bangladesh)

- : —— AV -P (India)
704 (Australia)

SMSC-1 (Malaysia)
CAV -E (India)
TR-20 (Japan)

22

Fig.16. Phylogenetic tree (Cladogram) based on the nucleotide sequences of 1766 bp
region of different chicken anaemia viruses. Branch distances corresponded
to sequence divergence.
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Fig.17. Phylogenetic tree (Cladogram) based on the deduced amino acid sequences
of partlal VP-1 gene region of different chicken anaemia viruses. Branch
distances corresponded to sequence divernence.
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Fig.18. Phylogenetic tree based on the deduced amino acid sequences of complete
VP-2 gene region of different chicken anasmia viruses. Branch distances
corresponded to sequence divergence.
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Fig. 19: Gross lesions of different organs of infected chicks along with control (C-Control;
I-Infected, organs of infected chicks showing atrophy of thymus, spleen and bursa; palenes
of bone marrow and liver).

Fig. 20 (i): Infected chicks showing marked aplasia of erythroid and myeloid series of cells with
the replacement by lipocytes in bone marrow at 15 DPI (a- control; b-infected). H & E x 400

Fig.20 (ii) : Infected chicks showing marked degeneration and depletion of lymphocytes in the
cortex and medulla of thymus at 15 DPI (a-control; b-infected). H & E x 400.



@ )
Fig. 20(iii) : Infected chicks showing degeneration and depletion of lymphocytes both in cortex
and medulla of bursa of Fabricius at 15 DPI (a-control; b-infected). H & E x 400.

Fig.20 (iv) : Infected chicks showing degeneration and necrosis of lymphocytes in spleen at 15
DPI (a-control; b-infected). H & E x 400.

Fig.20 (v) : Infected chicks showing areas of severely degenerated hepatocytes in liver at 15
DPI (a-control; b-infected). H & E x 400.



and bursa did not show any lesion in the spleen and liver. In CAV-C infected group, chicks
were healthy throughout the observation period of 15 days and gross lesions were also
observed only lesser number of chicks (data given in Table) than other isolates, however,
microscopic changes were observed in lymphoid organs of all the chicks. No significant
difference among the isolates of CAV was found with respect to microscopic changes in
the lymphoid organs, which indicated their immunosuppressive nature.
4. MOLECULAR CHARACTERIZATION OF CAV-VP1 AND VP2 PROTEINS
4.1 Cloning of CAV-VP1 and VP2 gene in pVAX vector

PCR amplified VP1 and VP2 genes of CAV were first cloned into TOPO-T vector.
The presence of VP1 and VP2 genes in TOPO-T vector was confirmed by PCR screening
using the forward and reverse primer of the insert (Fig. 21 and 22). Ten colonies of VP1
and 10 colonies of VP2 were picked up and screened by PCR. All the colonies of VP1 and
VP2 were found positive for the presence of insert. The insert from the TOPO-T vector was
released by Eco Ri digestion. The released insert was cloned into pVAX vector. The
presence of VP1 and VP2 insert in pVAX, in right crientation was confirmed by PCR using
the forward T7 promoter primer of the vector and reverse primer of the insert (Fig. 23 and
24}. Of the 20 colonies screened, three were found positive for VP1 énd two were found
posttive for the VP2. The PCR positive clones of VP1 and VP2 were further confimed by
restriction endonuclease analysis (Fig. 25). RE analysis of pVAX vector using Xba |
enzyme yielded a product of ~400 bp as expected for the right orientation. Similarly, RE
analysis of pVAX-VP2 using Pst | yielded ~300 bp product as expected. Sequencing of
insert using the T-7 primer confirmed the presence of gene start in right orientation
downstream to the CMV promoter.

| 4.2 In vitro expression of recombinant pVAX containing CAV-VP1 and VP2 protein

The recombinant pVAX plasmid containing VP1 or VP2 was transfected in the
eukaryotic cells (Hep-2/CEF) to study the in vifro expression. The expression of VP1 and
VP2 was assayed by indirect immunofluorescent technique. VP1 expression in Hep-2 cells
showed specific perinuclear and intra-nuclear immunoflucrescence at 48 hrs post
transfection (Fig. 26). Intra-cytoplasmic expression of VP2 in CEF celis at 48 hrs post
transfection was observed (Fig. 27). No immunofiuorescence could be seen in mock-

transfected control cells.
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Fig. 21: PCR screening of the bacterial Fig. 22: PCR screening of the bacterial
colonies having TOPO-T vector for the colonies having TOPO-T vector for the
presence of CAV-VP1 insert presence of CAV-VP2 insert

M: 1 kb DNA ladder (Invitrogen) M: 250 bp DNA ladder (Invitrogen)

1 2 345 M6 789 10 M 1 2 3 45 6 7 8 9 10

4 kb
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Fig. 23: PCR screening of the bacterial Fig. 24: PCR screening of the bacterial
colonies having pVAX vector for the colonies having pVAX vector for the
presence of CAV-VP1 insert presence of CAV-VP2 insert

M: 1 kb DNA ladder (Invitrogen) M: 250 bp DNA ladder (Invitrogen)

Q.
>

Py
>
Q.

=
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Fig. 25: RE analysis of pVAX-CAV-VP1 using Xba | and pVAX-CAV-
VP2 using Pst | for the confirmation of the right orientation
M: 1 kb DNA ladder
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4.3 Immunization study using pVAX-CAV-VP1 and pVAX-CAV-VP2 in adult birds

The immunogenic and protective effect of CAV-VP1 and VP2 was studied in 18
weeks old adult birds using the recombinant pVAX-CAV-VP1 and pVAX-CAV-VPZ
plasmids. The cell mediated and humoral immune response was studied at weekly interval
by LTT and ELISA, respectively.
4.3.1 Assessment of cell mediated immune response in immunized aduit birds

The cell mediated immune (CMI) respanse following immunization with CAV-VP1
and VP2 of the different groups {gp 1- control, gp 2- single dose immunization, gp 3- two
doses of immunization) of layer birds was assayed by measuring stimulation indices (Sl) of
peripheral blood mononuclear celis employing LTT using MTT dye at different intervals
viz., 7, 14, 21 and 28 days post immunization (Table. 8). The result indicated that CM|
response of groups 2 and 3 differed significantly from the control {group 1) on 7 and 14
days post immunization (data given in Table 8). On 21 DPI, group 3 showed significantly
higher 8l value (1.579+0.096) than the group 1 (1.118+0.081) and 2 (1.31120.056).
In group-2, the highest Si vaiue was found on 14 DPI (1.42410.056) and thereafter it

started declining and was 1.311+0.056 on 21 DP! and 1.18120.074 on 28 DPI {Fig.
28). In conirast to this, group 3 showed a progressive increase in Sl value on 21 DPJ
{1.578+0.096) and 28 DPI (1.600£0.062).

4.3.2 Assessment of humoral imnmune response in immunized aduit birds

The humoral immune response against CAV was assayed by ELISA at weekly
intervals following immunization. The antibody titres of different groups assayed by ELISA
are given in Table 9. The antibody titres of all the three groups significantly differed at all
the post immunization intervals. The antibody titre in group 2 showed gradual increase and
highest titre was detected at 21 DPI (4033.38+76.97) and showed declining trend on 28
DPI (3811.63+52.04) whereas group 3 also showed a gradual increase and maximum titre
was detected on 28 DPI (6538.50+86.64) (Fig. 29).
4.3.3 Protection study in young chicks of the immunized dams

The young chicks hatched out from the immunized dams were challenged on 15"
day of age and all observations recorded after the challenge virus inoculation are
presented in Table 10. Mean PCV value of group 3 on 5 and 10 days post challenge was
significantly high (29.00+2.45 and 30.20+2.05) as compared to the group 1 (19.60+2.70

and 14.40+2.41) and 2 (22.60+3.59 and 17.80+1.92). The mean body weight of group 3
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Table 8. Sl values of LTT assay to assess the CMI response in immunized adult

birds
Groups Days Post Infection {DPi)
0 7 14 21 28

{{Control) 1.100+£0.061  1.120+0.070° 4.123:0.072° 1.118:£0.091®  1.120+0.0532
M 1.137£0.111  1.356:0.066° 1.42410.056° 1.311+0.056° 1.191+0.0742
(Single

dose)

113 1.104£0.089  1.137:0.086° 1.353:+0.107° 1.579:0.096°  1.600+0.062°
(Booster

dose)

Values with different superscript differs significantly (row-wise) at P< 0.05.



Table 9. Antibody titre values assayed by ELISA to assess the humoral immune
response in immunized adult birds

Groups Days Post Infection
0 7 14 29 28

1 300.50159.93 336.38138.54®  373.50+64.15°  214.38:48.18%  268.75134.16°
Contro!

g‘ l 271.25457.34  1631.25:809.50° 3343.25:83.63° 4033.38:76.97° 3811.63:52.04°
ingle

gt o 274.00+68.40 1925.63+02.87° 3050.88+65.97° 5675.00+64.32° 6538.50+86.64°
ouple

Values with different superscript differs significantly (row-wise) at P< 0.05.



1.7

1.8 B1 {Control)
1.3 B (Single dose)
Bl (booster dose
0.9 -
0.7
0.5
Days Post Infection

Fig. 28: Sl values of LTT assay to assess the CMI response in immunized aduit
birds
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Table 10. Clinical signs, mean body weight, mean PCV vailues, mortality, gross
and histopathological lgsion of the day old chicks obtained from the
immunized dams and chalienged with CAV at 15 days age

Observations Group | (control) Group | Group HI (2
{single} doses)
Clinical signs
5DPI Healthy Healthy Healthy
10DPI 2 chicks- slightly 2 chicks —dulland Healthy
dull & depressed. depressed.

15DPi All the chicks 3 chicks dull & Healthy

' were duil, depressed

depressed.

PCV (%}(N=6)
(Mean+SD) _
5 DPI 30.40+1.82 30.20+2.86 28.401+3.85
10 DP| 19.60+2.70° 22.60+3.59° 29.00+2.45°
15 DPI 14.40+2 41° 17.80£1.92° 30.2042.05°
Mean body weight
(9)(N=10} (MeantSD)
5 DPI 42.831+3.21 40.42+3.18 42.83+2.13
10 DPI 52.50+2.43° 54.87+2.56 61.33+£2.14°
15 DPI 85.3616.62° 87.60+3.23° 101.65+6.48°
Mortality 2 2 0
Gross lesion
Thymus atrophy 6/8 5/8 2/10
Bone marrow paleness  4/8 4/8 110
Liver paleness 7/8 5/8 310
Spleen atrophy 7/8 7/8 2/10
Bursal atrophy 4/8 5/8 010
Muscular hemorrhage 0/8 1/8 0/10
Histopathology '

- Thymus . 8/8 8/8 210
Bone marrow 8/8 8/8 2110
Liver 4/8 3/8 010
Spleen 8/8 6/8 0/10
Bursa 8/8 8/8 2110

Values with different superscript differs significantly (column-wise) at P< 0,05,



{61.331£2.14 and 101.65+6.48) was also significantly higher from group 1 (52.50+2.43
and 85.3616.62) and group 2 {54.87+2.56 and 87.60+3.23) on 10 and 15 DPI. All the
ten chicks of group 1 and 2 showed lymphocyte depletion in thymus, bone mamrow and
bursa where as in group 3, only 2 chicks out of 10 showed depletion. The results revealed
that the dams immunized with 2 doses i.e. on day 1 and day 14 with recombinant plasmid
conferred complete proiection from the clinical disease and partiai protection from CAV
inducead immunosuppression to their offspring.

4.4 In ovo immunization

in ovo immunization was carried out in 18-day-old SPF embryos, which were
divided into 2 groups (gp1- unimmunized; gp 2- immunized). The immunized embryos
were hatched out and monitored for humoral immune response at weekly interval by
ELISA and the results are presented in Table 11. The chicks were challenged on 15" day
of age and the observations recorded are presented in Table 12.

On 10 and 15 DPI, the group 2 showed mean PCV of 30.60+3.36 and
26.80+3.42, respectively, whereas the group 1 showed low PCV of 23.00+3.38 and
15.60+2.88, respectively. The mean body weight on 10 and 15 DPI was 166.6016.84
and 182.60+8.04 in group 1 and 157.00+4.80 and 173.80+8.76 in group 2, respectively.
In Group 2, only three chicks showed thymus atrophy and liver paleness and
histopathological examination revealed depletion of lymphocytes in thymus, bone marrow,
bursa and spleen of 3 out of 15 chicks (Table 12). The antibody titre of in ovo immunized
chicks (group 2) was significantly high at 21 and 28 days of age (1516.80+167.31 and
3081.00+£122.78) than the unimmunized (group 1) chicks (3202.10+111.74 and
4482.80+124.30), respectively,

5. ANTI-NEQPLASTIC EFFECT OF CAV-VP3 PROTEIN
5.1. Cloning of the CAV-VP3J in pVAX vector

The PCR amplified CAV-VP3 gene was cloned into TOPO-T vector initially and the
obtained clones were screened by PCR for the presence of insert. Al the 10 clones
-screened by PCR were found positive (Fig. 30). The insert released from the TOPO-T
vector by Eco Rl digestion was cloned into Eco Rl site of pVAX vector. Of the 10 bacterial
colonies assumed having the recombinant pVAX vector as screened by PCR using the T-
7 promoter primer and insert reverse pn‘rﬁer to confim the right onentation of the gene,

only one clone was found positive (Fig. 31). Sequencing of the PCR positive clone using
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Table 11. Antibody titre value assayed by ELISA to assess the humoral immune
response of in ovo immunized young chicks.

Groups Antibody titre value calculated by ELISA

7 DPI 14 DP! 21DP! 28DP!
| 126.80+23.96  138.70+33.68 1516.80£167.31°% 3202.10£111.74°
(Control)

I 144.80+32.54 142.90+28.71 3081.00+122.78° 4482.80+124.30°
{Vaccinated)

Values with different superscript differs significantly (row-wise) at P< 0.05.



Table 12. Clinical signs, mean body weight, mean PCV values, mortality, gross
and histopathological lesion of in ove immunized chicks challenged at day 15.

Observations Group | Group |l

Clinical signs

5 DPI Healthy Healthy

10 DP! 1 Healthy Healthy

15 DPi 2 chicks- dull & Healthy
depressed

PCV (%)(N=5}

{(MeantSD)

5 DPI 30.40+1.81 30.80+3.56

10 DPI 23.00+3.39° 30.60+3.36°

15 DPI 15.60+2.88° 26.80+3.42°

Mean body weight

(g)(N=10) (Mean%SD)

5 DPI 124.80+9.37 121.6046.73

10 DPI 157.00+4.90° 166.6016.84°

15 DPI 173.80:8.76° 182.60+8.04"

Gross lesion

Thymus atrophy 9/15 315

Bone marrow paleness 7/15 0/15

Liver paleness 10/15 3/15

Spleen atrophy 11/15 0/15

Bursal atrophy 6/15 oMb

Muscular hemorrhage /15 0/15

Histopathology

Thymus 13/15 315

Bone marrow 10115 35

Liver 10/15 115

Spleen 11415 2115

Bursa 9/15 N5

Values with different superscript differs significantly {column-wise) at P< 0.05.



the T-7 promoter primer further confirmed the right orientation of the insert and presence of
gene start downstream to the CMV promoter.
5.2 In vitro expression of recombinant pVAX-CAV-VP3

The expression of CAV-VP3 protein (apoptin) by the recombinant plasmid pVAX-
CAV-VP3 was carried out in Hep-2 cells. The pVAX-CAV-VP3 transfected Hep-2 cells
showed clear intranuclear immunofluorescence, which confirmed the intranuclear
localization of apoptin in fransformed cells (Fig. 32) Further, it showed that expression of
the apoptin lead to induction of apoptosis, which was also indicated by cytomorphological
picture of the cells expressing the VP3 protein. The cells expressing apoptin showed
characteristic changes of apoptosis viz. nuclear condensation, fragmentation of chromatin
and formation of apoptotic bodies.
5.3 In vitro anti-neoplastic effect

in vitro anti-neoplastic effect was studied by analyzing the cytomorphological
changes using acridine orange - ethidium bromide staining and fluorescent antibody
staining of CEF cells transformed with RSV, which were later transfected with pVAX-CAV-
VP3. Fluorescent antibody staining using the CAV-specific polyclonal antisera in VP3
transfected RSV transformed CEF cells showed expression of apoptin inside the nuclei of
the transformed cells and cytomorphological changes of apoptosis (Fig. 33). Acridine
orange-ethidium bromide staining revealed dear apoptotic changes of nuclear
condensation, fragmentation of nuclei and formation of small rounded apoptetic bodies
{Fig. 34}. The study revealed clear understanding that the CAV-VP3 was expressed in the
RSV transformed cells to a high level and induced cell death probably via apoptosis as
confirmed by double dye staining and IIFT. No similar changes were observed in contral
CEF cells transformed with RSV.
5.4. In vivo anti-neoplastic effect

The anti-neoplastic effect of the recombinant pVAX-CAV-VP3 plasmid was studied
in tumors induced with Rous sarcoma virus in SPF chicks. The study was camied out in 4
groups as mentioned in the materials and methods. Group 2, in which the tumor was
induced on day 1 and recombinant plasmid was injected intra-tumoraly indicated tumor
suppression due to VP3 induced apoptosis. Grossly, the site of injection of pVAX-CAV-
VP3 in the tumor showed contraction, necrosis and formation of scar tissue in the chicks of

group 2 {Fig. 35). No such gross and microscopic apoptotic changes were seen in tumors

of group 1, 3 and 4.
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Fig. 30: PCR screening of the bacterial Fig. 31: PCR screening of the bacterial
colonies having TOPO-T vector for the colonies having pVAX vector for the
presence of CAV-VP3 insert presence of CAV-VP3 insert

(a)

(b) (c)

Fig. 32: Expression of CAV-VP3 in Hep-2 cells showing specific intranuclear
immunofluorescence, condensation of nucleus and formation of apoptotic bodies
assayed by IIFT at 48 hr post transfection with pVAX-CAV-VP3. (a) Control; (b) and
(c) VP3 transfected. IIFT x 200.
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Analysis of tumor tissues collected from chicks of group 2 by FAT revealed
expression of apoptin in the cells of the tumors (Fig. 36). Analysis of the tissue using
acridine orange - ethidium bromide staining also revealed the characteristic sequential
changes of apoptosis in nuclear material viz., condensation, fragmentation and formation
of apoptic bodies (Fig. 37} in the chicks of Group 2. No nuclear damage could be identified
in the chicks of Group 1, 3 and 4. Histopathological analysis of the tumor tissue of group 2
showed severe progressive changes of cell death due to apoptosis. The celis showed
condensation of nuclei, fragmentation of chromatin and formation of apoptic bodies (Fig.
38). The apoptotic changes were progressive towards the healthy portion of the tumor
tissue and the cells, which had undergone apoptosis, showed loss of nuclear material and
dissolution of cell structure, which were seen adjacent to the nommal cells in the tumor
tissue sections. in between the healthy cells and degenerated cells with dissolved nuclei, a
layer of cells showing ali characteristic changes of apoptosis was observed. It indicated
that the apoptosis was progressive towards the healthy fumor cells.

Tumor. body weight ratio of groups 1 and 2 were 4.97+3.29 and 3,26+2.09,
respectively, whereas in groups 3 and 4 were 5.92+4.55 and 2.79+2.12, respectively
(Table 13). i indicated that the groups did not differ significantly in the level of tumor
suppression but apoptin injected groups (gp 2 and 4) showed lower value than the
other groups (gp 1 and 3). The in vivo study on anti-neoplastic effect showed that the
apoptin suppressed the tumor to some extent by inducing apoptosis. The in vitro
observations also revealed that apoptin induced apoptosis in RSV transformed chicken

embryo fibroblast cells.
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Fig. 38: Histopathological examination using H & E staining showing apoptic changes of
nuclear condenstion, fragmentation and formation of small rounded apoptic bodies at different
stages in RSV induced tumor inoculated with pVAX-CAV-VP3 (a- Control; b, c, d-different
stages of apoptosis progression, e-showing partially cells undergoing apoptosis with some
cells without nucleus (H & E x 400), f- similar to e at H & E x 200.



Table 13. Body weight, tumor weight & tumor: body weight of the different
_groups studied for the anti-neoplastic effect of CAV-VP3 {apoptin).

Observations  Group 1 Group 2 Group 3 Group 4
Body weight 122.6126.32 = 124.001+6.046  227.57+40.01 212.50£20.99
{(MeantSD)

N=10

Tumor weight  6.05+4.47 3.96+2 .47 6.95+5.68 2.8942.19
{MeanzSD)

N=10

Tumor: B. Wt 497+3.29 3.26:£2.09 5.92+4.55 2.79+2.12
(MeantSD)

N=10

Mortality 2 1 3 0

DNA laddering

FAT staining 017 3/9 ND ND
Double 07 4/9 ND ND
staining

ND-Not detected. Tumor: Body Wt.= (Tumor Wit / Body Wt) X 100



DISCUSSION

- . ___|

Chicken anaemia virus {CAV), etiological agent of a highly
immunosuppressive disease of young chicken i.e. chicken infectious anaemia (ClA),
is an economically important avian pathogen worldwide. It belongs to Gyrovirus
genus of the Circoviridae family having circular single stranded DNA genome of 2.3
kb in size. The disease is characterized by severe anaemia, apiasia of bone marrow
and generalized Iymphoid atrophy with concomitant immunosuppression.
Immunosuppression is the inability of a host self defense mechanisms against any
pathogen. When the self-defense system is damaged by CAV, the host susceptibility
increases to all the pathogens of hacterial, viral and fungal origin, which ultimately
leads to severe disease outbreaks that are obviously multifactorial. As far as chicken
is concerned, infectious bursal disease virus causes severe humoral immune
response suppression whereas CAV causes severe cell mediated immune response.
Obviously any effect on one also affects the other and the effects can be synergistic
leading to increase in severity of disease conditions and huge economic loss to the
pouitry industry worldwide. In India, the disease was reported in 1984 by
Venugopalan and coworkers and thereafter not much information was available on
CAVs circulating in the poultry population of the country. Later, Kataria ef al. (1999)
confirmed the wide prevalence of this virus from various states of this country and
Dhama (2002) found some variation among the Indian isolates based on RE analysis
of the PCR products. Therefore, need was felt for further molecular and pathogenic
characterization of these viruses to find out the variation among them, if any, which
would help devising suitable control strategy to prevent losses in the poultry industry
due to CAV. In this new millennium, sequencing of the complete human genome is
one of the greatest achievements in science. Also, sequencing was chosen as a tool
to study the molecular epidemiology of Indian CAV isolates in the present study. The
usefulness of RE analysis to differentiate among the Indian isolates has also been
studied, which will obviously help to the less equipped laboratories.

A nucleotide sequence portion of 1766 bp from position 386 to 2151 as per
Meehan et al. (1992) in the genome of CAV was sequenced in the present study.

The sequences obtained for the four Indian CAV isotates {CAV-A, CAV-B, CAV-E



and CAV-P) were aligned with several CAV isolates of different countries. This region
comprised of the complete nucleotide sequences of VP2 and partial sequence of
VP1 proteins of CAV. Analysis indicated variation among th'e indian isolates ranging
from 12 to 52 nucleotides (0.5 to 4,0%). The CAV-E showed maximum variation of
4% among the Indian strains; however, it showed maximum identity of 99.3% with
Australian 704 strain. It also showed more than 98% identity with Japanese TR-20
and Malaysian SMSC-1 strains. CAV-B and CAV-P showed 12 and 15 nucleotides
variation, respectively among the Indian isolate but had more than 99% identity with
Bangladesh BD-3 strain. CAV-A had 13 nucleotides variation and showed 99.8%
identity to European Cux-1 strain,

The analysis of 431 amino acid sequences of the VP1 region among the
indian strains indicated 5-7 amino acids variation (0.7 to 2.1%). A maximum variation
of 7 amino acids was observed in CAV-P and amino acids at positions 144 (H), 262
(D) and 275 (F) were found specific to the strain, CAV-A, B and E showed only 5, 6
and 5 amino acids variation, respectively. It has been found that CAV-E had 100%
identity to Australian 704 strain and CAV-B had 100% identity to Bangladesh BD-3
strain and CAV-A showed 99.5% identity to the European strain Cux-1.

Similarly, Pallister et al. (1994) sequenced the PCR product of an Australian
isolate and compared the amino acid sequence of VP1 region with German and
American isolate and reported 73 nuclectide difference between Austratian and
German sequences and 80 nucleotide difference between Australian and American
sequence. These differences resuited to 12 amino acid changes in a total 449 amino
acid, 8 of which were consecutive. Brown ef af. (2000) sequenced a pathogenic
Australian isolate and reported an overall nucleotide sequence identity of
approximately 85% indicating close relationship. Farkas et al. (1996) determined
the complete nucleotide sequence of a CAV strain and concluded that N-terminal half
of VP3 and N-terminal three quarter of VP2 are well conserved and might sustain an
essential function of these proteins. They also suggested that amino acid changes in
VP1 might influence the antigenic variations arﬁong the CAV isolates. Kato ef al.
(1995) sequenced a Japanese isolate CAAB2-2 and found 98% identity with
European Cux-1 strain. A low level of (~3-7%) sequence diversity was identified
among the CAV isolates, which was in consistent fo finding that only one serotype

existed worldwide (Dhama ef al., 2002). Recently, Spackman et al. (2002a. 2002b)

51



have reported an antigenically different virus viz., CAV-7 from the American
reference CAV strain - Del Ross and suggested that it could be a prototype virus of
serotype-2. This report emphasized the need of reviewing the epidemiological status
of CAV isolates worldwide,

Renshaw et al. (1996) reported a hypervariable region spanning 13 amino
acids in VP1 region from position 139 to 151. Naturally occurring amino acid changes
at position 139 and 144 has been shown to markedly affect the growth and spread of
CAV isolates in cultured cells. [n cuiture, it has been proven that VP1 Q-139 and /or
Q144 is associated with decreased rate of spread. Also, it is unclear which of the five
amino acids upstream of the hypervariable region (VP1, N-23, [-75, Y-93 and L-07;
VP2, E-175) are involved in the block of certain CAV permissible celi lines. The
Indian isolates CAV-E and CAV-B had Q-139 and Q-144 indicating that they might
spread sfowly in MSB-1 cells, however, they were adapted in cell culture by giving
more number of blind passages, CAV-A had K-139 and D-144 and CAV-P had Q-139
and H-144. The CAV-P was very well adapted in cell culture. The present study
indicated that isolate having Q-139 and H-144 is highly permissive to MSB-1 celis.
Brown ef al. (2000) observed a cluster of non-synonymous changes among the CAV
isolates at the hypervariable region and suggested to have biological significance
reflecting the selection of variants in response to environment/host cell changes or
immune selection. They found remarkable variability at position 144. The present
study also supports the finding of maximum variability at position 144 among the
{ndian isolates.

Yamaguchi et al. (2001) reported that amino acid at position 394 in VP1 could
be a major genetic determinant of virulence. if it is glutamine (Q) at this position, the

“isolates are highly pathogenic and if it is histidine (H) than less pathogenic. All the
Indian isolates had glutamine (Q) at this position indicating that all are highly
pathogenic. This finding has also confirmed the resuits of pathogenicity study of
these isolates in day old SPF chicks as has been discussed in the later part.

The comparative pathogenicity study of all the five CAV isolates was carried
out in day old SPF chicks inoculated with a constant dose of 1 ml of the ceil culture
fiuid having titre of 10*° TCIDs/0.1ml. All the isolates produced consistent low PCV
values, reduction in body weight, aplasia of bone marrow and generalized lymphoid

atrophy and histopathological lesions of lymphocyte degeneration and depletion from
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the lymphoid organs. The lesions closely resembled those as has been described by
other workers in SPF chicks inoculated with CAV at day old age (Yuasa et al., 1979,
Taniguchi et al., 1982, 1983, Dhama, 2002).

Therefore, the present study revealed good correlation between the molecular
study as reported by Yamaguchi et al. {2001) with respect to the amino acid Q
(glutamine) at position 394 and the in vivo pathogenicity study in SPF chicks. From
the study, it could be concluded that the amino acid at this position (394) should be
identified for newly emerging CAV isolates in the field to assess the pathogenicity.
The pathogenicity study could be conducted for further confirmation. This approach
will help to identify low pathogenic CAV in the field, if any, and use of it for developing
a live vaccine,

RE analysis has been proven useful to differentiate CAV isolates at genome
level (Todd et af., 1992, Noteborn ef al., 1992, Santeen et al., 2001). The present
study also revealed that restriction enzymes viz. Hha |, Dde |, Sac | and Hae Il were
useful for the differentiation of the CAV fieid isolates. Hha | differentiated CAV-A, Bor P
and E isolated by yielding different pattern. Dde t enzyme was found to group A and E and
B, and P separately, whereas Sac | digestion grouped A and P together, and B and E
isolates together. Among these enzymes, Hha | was found very useful to differentiate
more number of isolates. Hae Ill was also found useful to differentiate CAVs using
both VP1 and VP2 regions. Noteborn et al. (1992) used the enzymes viz., Eco R,
Acc |, Bgl I, Hind lll, Sst 1, Bam HI, Xba | and detected variation among the isolates
by Acc |, Hind lll and Eco Rl enzymes. Similarly, Todd ef af. (1992) analyzed 14 CAV
isolates obtained different parnts of the world and assigned them to 7 groups based on
the restriction pattern of the PCR amplified 675 bp region of N- terminal half of VP1
using the enzymes viz. Hae Ill, Hinfl and Hpa 1. The present study also indicated the

- usefuiness of restriction enzymes viz. Hha |, Dde |, Sac | and Hae Ill to differentiate
the Indian field isolates which would be helpful for the less equipped diagnostic
{aboratories.

Nucleic acid immunization is a novel method for the production of third
generation vaccines. Many reviews on nucleic acid immunization have been
published in the recent past (Oshop et al,, 2002). it is a novel approach to achieve
both cell mediated as well as humoral immune response. Nucleic acid immunization

has several advantages over the conventional vaccines i.e. a) they mimic the effects
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live virus in their ability to induce major histocompatibility complex (MHC) class |
restricted CD8+ T-cell responses without any concern about viruience bjeasy to
design and manufacture in relatively cost effective manner c) easy to store
eliminating the need of cold chain d) overcome the inherent unresponsiveness in
neonatal animals and e) can work in the face of maternally derived immunity. Many
vaccines have been developed for the use in poultry against various diseases viz.
IBD {(Foddor et al., 1999; Chang ef al., 2001), influenza (Fynan ef af,, 1993; Robinson
et al,, 1993; Kodihalli ef al., 1997; Kodihalli ef al., 2000; Suarez and Schuitzcherry,
2000) duck hepatitis-B (Triyatni et al., 1998; Rollier ef al, 1999; 2000a; 2000b).
Therefore, in the present study, nucleic acid immunization approach was used for the
immunogenic characterization of the CAV-VP1 and VP2 proteins. it has been
reported that CAV-VP1 and VP2 are required to achieve higher level of protection
against the disease (Koch et al., 1995; Noteborn et al., 1998). Koch et af. (1995)
studied the immunogenic properties of the CAV proteins (VP1, VP2 and VP3) using
baculovirus vector and expresséd in insact cells. The proteins produced separately or
together in insect cells cultures were analyzed by inoculating into the chickens. it was
found that, only lysates of insect cells, which have synthesized equal amount of all
the three recombinant CAV proteins, or cells which synthesized mainly VP1 plus
VP2, induced neutralizing antibodies directed agai-nst CAV in inoculated chickens.
Progeny of these chickens were protected against clinical disease after CAV
challenge. Noteborn ef a/. (1998) reported that CAV VP1 and VP2 interaction is
essential for the formation of neutralizing epitope. Cunningham et a/. (2001) reported
that CAV-VP3 protein was poorly immunogenic as well as poorly antigenic and not
useful for developing ELISA. Keeping the above reports in mind, the CAV VP1 and
VP2 were used combinedly for the nucleic acid immunization approach to achieve
the maximum protection in the present study. The CAV-VP1 and VP2 were cloned
into eukaryotic expression vector pVAX and their in vifro expression was studied.
CAV-VP1 was expressed to high level in Hep-2 cells, which was demonstrated by
employing indirect immunofluorescent technique using CAV specific neutralizing
monocional antibodies. The expression of VP2 was demonstrated in CEF cells using
the CAV specific polyclonal antiserum.

The study was aimed to attain high level of protection to the newly hatched

chicks either through the maternal antibody from the immunized adutt birds or directly.
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via in ovo immunization. The study was conducted in 18 weeks old laying hens along
~ with cocks, divided into 3 groups. Each group comprised of 10 birds, 8 of which were
hens and 2 were cocks. Group 1 was kept as control. Group 2 was injected with
single dose of vaccine having 100 pg of pVAX-CA-VP1 and 100 pg of pVAX-CA-VP2
combinedly. Group 3 received a second (booster) dose of same amount of plasmid
as given eariier, on 15" day.

Kapczynski et al. (2003) developed a DNA vaccine using S1 glycoprotein
against the infectious bronchitis virus. They used 50, 100 or 150 ng of DNA vaccine
at day 1 and 100, 200 or 300 pg of DNA vaccine, respectively at 14 days of age and
found that no clinical signs were observed and no challenge virus was reisolated
from the birds vaccinated with 150 and 300 pg of DNA injected intramuscularly.
Babuick et al. (2000} developed a DNA vaccine against avian influenza and found
immune response induced by the vaccine was dose dependent. A dose of 100
ng/bird was found to give maximum response over which a decrease in immune
response was reported in young chicks. Hence, in the adult layer birds, a dose of 200
ng/bird was used for immunization in the present study. However, a dose rate
ranging from 5 pg to 800 ug bas been tried in chicken through various route of
inoculation for the nucleic acid immunization. In general, very low level of plasmid
(0.25-10 pg) was used when injected intra-dermaly using gene gun. in the present
study, the plasmid was injected intramuscularly in thigh region which is the most
common route tried by many workers (Oshop ef al., 2002).

In the present study, the cell mediated as well as humoral immune response
in the immunized birds was measured at weekly interval. The cell mediated immune
response in vaccinated layer birds was assayed by measuring stimulation indices
(S} of peripheral blood mononuclear cells of the immunized chicks employing LTT
using MTT dye following the method of Bonous et al. (1992). Group-2 showed
gradual increase upto 14 days post immunization (1.424+0.056) and it showed
declining trend from 21 days (1.311+0.056) onwards. In group-3, the CMI response
increased gradually upto 28 days post immunization (1.600+0.062). Gurunathan et
al. (2000) reported that nucleic acid immunization induced humoral and cell mediated
immunity through the priming of CD4+ and CD8+ cells. The CMI response plays

major role in the protection of chickens against the CAV infection. Seo et al. (1997)
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reported that the carboxyl terminal 120 residue polypeptide of infectious bronchitis
virus nucleocapsid protein induced cytotoxic T-lymphocytes and protected young
chicks from acute infection. Vanrompay ef al. (1999) also reported that a DNA
vaccine using the major outer membrane protein (MOMP) of the chiamydia induced
CMI response in turkeys.

The humora! immune response in the immunized birds was measured using
the CAV specific ELISA. Group 2 showed maximum antibody titre of 4033+76.97 on
21% day and the antibody titre started declining and was 3811.63152.04 on 28" day
whereas group 3 showed gradual increase throughout the observation period with
maximum titre of 6538.50£86.64 on 28" day. The antibody titre of the group 2
increased gradually upto 21 DPI and started decreasing on 28 DPI. It indicated that
the antibody response due to single dose immunization is lasting for short duration.
However, the group 3 showed a gradual increase upto the observation period of 28
DPI. Obviously, the booster dose increased the antibody titre to a significantly higher
level. The reason for the high leve! of cell mediated and humoral immune response in
the group 3 might be due to the presence of memory cells created by the initial dose
of immunization.

Only in ducks, Rollier et al. (2000a) have reported that immunization of the
adult bird using the L protein of duck hepatitis-B virus protected the chicks. They
have also demonstrated presence of IgY in yolks. Also, in the present study, it was
found that the adult birds immunized with CAV-VP1 and VP2 conferred complete
protection from the clinical disease and partial protection from the
immunosuppression to their young chicks, which was indicated by the presence of
microscopical changes in 2 of the 10 immunized chicks in group 2. A total 8 out of 10
birds have shown complete protection from the CAV induced immunosuppression
since no microscopic changes of lymphocyte depletion were seen in lymphoid
organs. The available literatures on DNA vaccine also indicate that the protection is
mostly partial even after repeating the dose twice or thrice (Fynan et al., 1993a;
Robinson et al. , 1993; Sakaguchi ef al. , 1996; Cheng ef al., 2000; Triyatni et al.,
1998). Suarez and Schultzcherry (2000) reported that DNA vaccine using the HA
gene of A5 type gave complete protection in birds boosted at 3™ weeks. Keeler
(2000) also reported 80-100% protection in chickens immunized with GB protein

gene of ILT virus.
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Inoculation of DNA vaccines through the in ovo route has been tried by few
workers (Oshop et al., 2002). Recently, Kapczynski et al. (2001) reported that birds
receiving in ovo DNA vaccine using infectious bronchitis virus 5-1 glycoprotein gene
followed by live vaccination at 2 week of age were compleiely (100%) protected from
clinical disease. Also, birds receiving only live virus vaccine or only in ovo DNA
vaccination were < 80% protected. In the present study, in ovo immunization was
studied to evaluate the nucleic acid immunization for achieving the protection against
CAV in newly hatched chicks. The éntibody titre was measured at weekly interval by
ELISA. Al the chicks were chalienged at 15" day of age. The antibody titres following
challenge virus inoculation were significantly higher in the in ovo immunized chicks
with the titres of 3081.001£122.78 and 4482.80+124.30 than the control chicks titre of
1516.801167.31 and 3202.10+111.74 on 21 and 28 days of age, respectively. The
chicks were also protected completely against the clinical disease but partially
against the virus-induced immunosuppression. The reason for the higher leve! of
antibody development to the infection in /n ovo vaccinated chicks might be due to the
presence of memory cells, which might have been sensitized by the inoculated DNA.
However, the study revealed that jn ovo immunization could be a novel method for
the control of CAV infection at the most susceptible age of less than 3 weeks. It can
be combined with a live virus vaccine at 2 weeks of age as reported by Kapczynski et
al. (2003) to achieve the complete protection against the immunosuppression.

CAV-VP3 is a very small protein of 13kDa in size, which is produced
abundently during the virus replication in the host cells and it is poorly antigenic in
nature (Cunningham et al., 2001). The apoptosis inducing property of chicken
anaemia virus was demonstrated by electron microscopy and biochemical methods
in cortical thymocytes after /n vivo infection and in lymphoblastoid cell line after in
vitro infection (Jeurissen ef al. 1992). Later, Noteborn et al. (1994) reported that
chicken anaemia virus VP3 protein alone induced apoptosis in chicken mononuciear
cells and lymphoblastoid cell line. Following these reports, the research work was
focused to exploit it's apoptotic potential against the neoplastic celis.

Zhuang et al. (1995) reported apoptosis induced by apoptin was independent
of p53 protein and Pieterson and Noteborn (2000) suggested apoptin could be a
candidate for freating the tumor cells resistant to many chemotherapeutic agents

which normaily exhibit the action via P*® protein - a key protein that induce apoptosis
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in cells. Danen van Qorschot ef al. {2003) have reported CAV-VP3 is expressed to a
high fevel in transformed cells and to a very low level in normal cells and also
reported that apoptin predominantly localized in the nucleus of the transformed cell
and in the cytopiasm of the normal cell.

However, the effect of this protein has not been tested in vivo against any of
the virus-induced tumors. Thus, the present study was undertaken to observe the
effect of apoptin in RSV induced tumors. The objective was whether the apoptin have
some tumor suppressive effect in RSV induced tumor. In the event of tumor
suppression, attempts were made fo confirm whether it is due to apoptosis induced
by apoptin. The results of the present study indicated that the tumor suppression was
due to apoptin-induced apoptosis, which was confirmed by in vitro and in vivo
studies. When the apoptin was injected intra-tumorally, tumor suppression was
observed grossly at the site of inoculation. Further, it could be confirmed that tumor
suppression was due to apoptin expression in the tumor cells and induction of
apoptosis by employing flucrescent antibody technigue, acridine orange - ethidium
bromide staining and histopathology. /n vitro, the induction of apoptosis by the
apoptin in RSV transformed CEF cells was also confirmed by analyzing the cells for
the cytomorphological changes by fluorescent antibody technique and acridine
orange-ethidium bromide staining. In these cases, the characteristic changes of
nuclear condensation, fragmentation of chromatin and formation of small rounded
apoptotic bodies in the cells undergoing apoptosis were seen. The tumor
suppression was noticed only at the site of injection. The suppression level was not
significantly different from the control group as determined by tumor: body weight in
the present study. The reason could be a very fast growth of RSV induced tumor
than the rate of apoptin induced cell death. The dose of apoptin, number of injection,
site of injection could also influence the efficiency of tumor suppression by apoptin.

Recent reports of LelLiveld ef al. (2003a and 2003b) and Danen van Corschot
et al. (2003) explained the mechanism of apoptin-induced apoptosis in tumor cells to
some extent. Still, the complete mechanism is unclear. LeLiveld ef a/. (2003b)
reported that apoptin predominantly co-locaiized with heterochromatin and nucleoli
within tumor cells on the basis of immunoelectronmicroscopy. They have also
reported that apoptin co-operatively forms distinct superstructures with DNA in vifro

and these superstructures do not go beyond 20 multimeric apoptin complexes and
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approximately 3 Kb of DNA. Further, they showed that a single apoptin multimer to
have eight independent non-specific DNA binding sites which predominantly bind
strand ends. Apoptin also have high affinity for naked, uncoated double and single
stranded DNA. Since this form of DNA are predominantly found in transcriptionally
active. Danen van Qorschot ef al. (2003) explored the role of nuclear localization for
apoptin-induced cell death in tumor cells by employing mutagenesis strategy. They
demonstrated that C-terminal of the apoptin contains a bipartite-type nuciear
focalization signal. Further investigation showed that apoptin contains two domains
that induce apoptosis independently and for both domains had strong correlation
between localization and killing activity. They also reported that de nova gene
transcription and translation involved in the process of cell death and suggested
apoptin exerted its effects in the nucleus by some other method, and concluded that
nuclear localization alone is not sufficient for the apoptin to become active and to
induce apoptosis and cell death. The present study also clearly showed the
localization of apoptin in the nucleus of the virus induced tumor celis and induction of
apoptosis but it could not do so in the normal cells. Further information on how the
apoptin differentiates the normal cells and specifically recognizes tumor cells, and
which mediates the nuclear iocalization signal will help for the specific targeting of the
tumor cells.

The present study revealed the presence of genetically different chicken
anaemia viruses circulating in the field of this country, These CAV strains are closely
related to European, Australian, Japanese and Bangladesh strains which indicated
that Indian CAV isolates might have been originated from different parts of the world.
It warrants the need for constant monitoring of this virus in the field for emergence of
any new varnant virus since there is more chance for that due to the presence of
many genetically different viruses circulating in the field. All the five Indian isolates
are found pathogenic to young chicks and cause severe immunosuppression, Also,
these isolates do not differ significantly in pathogenicity. It could be concluded that
the genetic difference did not reflect in their pathogenicity. The combined use of
CAV-VP1 and VP2 for the nucleic acid immunization was found useful to protect the
newly hatched young chicks either through the maternal immunity conferred by the
vaccinated dams or through /n ove immunization at embryo stage. It could become

an alternative method to develop a third generation vaccine against CAV. However, it
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requires further modification to achieve complete protection either by use of
adjuvants or inoculation using gene gun intra-dermaliy or repeated inoculation of the
vaccine. /n ovo nucleic acid immunization combined with a live vaccine at 2™ week is
also a possible way to achieve the complete protection. The anti-neoplastic effect of
apoptin in virus-induced tumor was confirmed fn vivo and in vitro. The apoptin has
potential to be used as an ideal anti-neoplastic drug for treating the virus-induced
tumors due to its specific targeting and selective killing. The studies on other aspects
viz. dose and number of inoculations, and different routes need to be explored to

achieve complete tumor suppression.
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SUMMARY
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Chicken infectious anaemia (CIA) is a highly immunosuppressive disease of
young chicken characterized by severe anaemia, atrophy of thymus and aplasia of
bone marrow. The disease is caused by chicken anaemia virus (CAV) belonging to
Gyrovirus genus of Circoviridae family, which has a single stranded circular DNA
genome of 2.3 kb. 1t has thres proteins viz. VP1, VP2 and VP3. CAV-VP1 is a major
capsid protein of 54 kDa, 441 amino acids; VP2 is a non-structural scaffold protein of
24 kDa, 216 amino acids and a 13 kDa VP3 protein, 121 amino acids called apoptin
(CAV-VP3) due to its apoptosis inducing property. The present study was carried out
to characterize the CAVs circulating in India at genomic level by nucleotide
sequencing and restriction endonuclease analysis in order to find out the
epidemioiogical status of the disease in this subcontinent. A total 5 isolates (CAV-A,
CAV-B, CAV-C, CAV-E and CAV-P) obtained from different geographical regions of
the country, were sequenced partially. The 1766 bp nucleotides from position 386 to
2151 {as per Meehan eof al., 1992) of the four isolates were sequenced. One of the
isolates CAV-C was sequenced for 651 bp region of the CAV-VP2. The sequences
obtained were edited in EditSeq programme of the Lasergene software and aligned
by Clustal method in Megalign programme of the same software along with the
sequences of foreign isolates downloaded from the NCBI website. The amino acid
sequences were also translated from the nucleotide sequences using EditSeq
programme and aligned by Clustal method.

Analysis of the 1766 bp nucleotide sequence of the Indian CAV isolates
revealed a variation ranging from 15 to 52 nucleotides among them, which showed
0.5 to 4.0% divergence. Among the indian and foreign isolates, the variation ranged
from 0.2 to 4.1%. The Indian isotates CAV-B and CAV-P had >99% identity with
Bangladesh isolates BD-3 strain. CAV-A had maximum identity with European Cux-1
isolate. CAV-E was having maximum identity with Australian 704 (99.3%), Japanese
TR~20 (98.2%) and Malaysian SMSC-1 (99%).

Deduced 431 amino acid sequence analysis of CAV strains of Indian and
foreign origin indicated variation ranging from 0 - 2.8%, CAV-E showed 100% identity
with Australian 704 strain. Similarly, CAV-B showed 100% identity with Bangladesh
BD-3 strain. CAV-A had 99.5% identity with Cux-1 strain. Deduced amino acid

analysis of 216 amino acid sequence of VP2 showed only one amino acid variation at



position 149 of CAV-A and at position 186 of CAV-E. it indicated that CAV-VP2 is
highly conserved even among the distant isolates.

Hypervariable region of CAV spanning 13 amino acids sequence is located in
VP1 region from position 139 to 150. The region is suggested to have biological
significance. Variations at position 139 and 144 were observed among the Indian
isolates. CAV-E and CAV-B had Q at position 139 and 144. CAV-A had only one
variation at position 144 (D). Similar to Cux-1, CAV-Phad Q at 139 andH at 144. it is
reported that VP1-Q at 139 and/or Q at 144 is associated with decreased rate of
spread of virus in cell culture. The amino acid at position 394 is reported as genetic
determinant of CAV pathogenicity. The viruses having Q (glutamine) at this position
are considered highly pathogenic and H at this position are low pathogenic. All the
Indian isolates were found to have Q at this particular position indicating that all are
highly pathogenic.

Phylogenetic analysis based on the nucleotide and amino acid sequences of
indian and foreign CAV strains indicated CAV-A and Cux-1; CAV-B and CAV-P are
closely related to the Bangladesh BD-3 strain. CAV-E is closely related to Australian
704, Japanese TR-20 and Malaysian SMS8C-1. All Indian isolates are not closely
related to American CAV isolates. This study indicated that the Indian isolates are
genetically different and might have been originated from different parts of the world
viz., Europe, Australia and South East Asia.

The present study also revealed that restriction enzymes viz. Hha |, Dde |,
Sac | and Hae lil were useful for the differentiation of the CAV field isolates using the
PCR amplified VP1 regions of CAV. Hha | differentiated CAV-A, B or P and E isolated by
yielding different pattem. Dde | enzyme was found to group A and E and B, and P
separately, whereas Sac | digestion grouped A and P together, and B and E isolates
together. Hae Il differentiated CAV-E from 2ll other isolates based on the VP1 as well as
VP2 regions.

Pathogenicity of all the five Indian isolates was studied in day old SPF chicks.
The chicks were inoculated with 1 m! of cell culture fluid having 10*° TCIDs/0.1ml
and clinical signs, mortality, PCV and body weight gain were recorded on 5, 10 and
15 DPI. On 15" day, the chicks were sacrificed and the gross lesions were recorded
and tissues were collected for microscopic examination. The study indicated that all
the five Indian isolates of CAV are highly pathogenic and no significant variation in
the pathogenicity was found among them. The PCV value at 15" DPI of CAV infected
chicks of all the isolates ranged from 12.83+3.32 to 15.3342.07 compared to the
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contro! value of 32.33+3.39 indicating severe anaemia. Similarly, the body weight of
the infected chicks was very low ranging from 85.0£05.62 to 89.00+4.90g compared
to the control group bhody weight of 103.50+£5.43g on 15" DPI. All the isolates
produced atrophy of lymphoid organs and severe depletion of lymphocytes.
Protective effect of the CAV-VP1 and VP2 proteins in [ayer birds was studied
through nucleic acid immunization approach. The CAV-VP1 and VP2 genes were
cloned into pVAX expression vector and the expression of the protein was studied in
Hep-2 cells and CEF celis, respectively. The expression of these proteins was
confirmed by indirect immunofluorescent technique. To study the in vivo protective
effect in layer birds, thirty birds were divided into 3 groups consisting of 10 in each
group. Each group had 8 laying hens and 2 cocks. Group 1 served as control, which
received pVAX without any insert. Group 2 and 3 were vaccinated with 200 pg of
pVAX (VP1-100 pg + VP2-100 pg) on day 1. Later, on 15™ day, group 3 received a
booster dose of same amount of plasmid as given on day 1. The birds were
monitored for cell mediated immune response (CMI) by LTT assay and humoral
immune response (HIR) by CAV specific ELISA at weekly intervals up to 28 days. No
difference among the group 2 and 3 was found upto 14 days. The group 3 showed
significantly high S} value (1.57910.096 and 1.600+0.062) than the group 2

{1.311£0.056 and 1.191x0.074) at 21 and 28 days post vaccination, respectively.
The humoral immune response was found gradually increasing and maximum ELISA
antibody titre was observed on 21 DP! (4033.38+76.97) and thereafter it started
decreasing and it was 3811.63+52.04 at 28 DP! in group-2 where as in group 3,
.the HIR increased gradually and had maximum titre of 6538.50+86.64 at 28 DPI.
The fertile eggs from each group were collected between day 21 and 28. The chicks
were hatched out from the eggs and chalienged with CAV at day old, and observed
for the clinical signs, mortality, PCV and body weight on 5, 10, 15 days post infection.
At 15" day, all the chicks were sacrificed and gross Jesions and microscopic changes
were recorded.

The study revealed that the layer birds, which received 2 doses of vaccine
developed high level of CMI and HIR, and the young ones hatched from them were
completely protected against the clinical disease and partially protected from the
virus induced immunosuppression as compared to the control and single vaccinated

groups.
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The anti-neoplastic effect of CAV-VP3 (apoptin) was studied in Rous sarcoma
virus transformed CEF cells in vitro and in RSV induced tumors of SPF chicks in vivo.
In vitro study was aimed {o confirm whether the VP3 induces apoptosis in the virus
transformed cells and the jn vivo study was aimed to study (i) whether it suppresses
the RSV induced tumor when injected intra-tumorally and (i} whether it protects the
chick from the tumor development when the bird was previously sensitized/treated
with apoptin. For this, 4 groups of SPF chicks, each compnsing of 10 chicks were
used. Group 1 and 2 were injected with RSV on day old age. Group 1 served as
control receiving pVAX vector without any insert and group 2 received pVAX-CAV-
VP3 at a dose rate of 100 pg per 0.2 mi per bird intra-tumoraily. Group 3 received
100 pg/0.2 ml/bird of pVAX vector at day old age and group 4 received the same
dose of pVAX-CAV-VP3 at day old age. The group 3 and group 4 were infected with
RSV on day 10 post plasmid inoculation. The in vitro study confirmed that VP3
induced apoptosis in virus transformed CEF cells, which was confirmed by
demonstrating the characteristic changes of apoptosis by fluorescent antibody
technique and acridine orange - ethidium bromide staining. The in vivo study also
indicated that the CAV-VP3 induced apoptosis and caused tumor regression at the
site of injection in the tumor. The apoptotic changes viz,, nuclear condensation,
fragmentation of the chromatin and formation of apoptic bodies in the tumor celis
were conformed by histopathology and acridine orange - ethidium bromide staining.
No such apoptotic changes were seen in tumors of group 1, 3 and 4. The study
revealed that CAV-VP3 could be a useful candidate for treating the retrovirus-
induced tumors in particular and virus induced tumors in general. From the findings
of present study, following conclusions could be derived.

1, Difference at genomic ievel was detected among the various CAV isolates
circulating in the pouitry population of this country.

2. Indian strain CAV-A is closely related to European strain whereas CAV-E
is closely related to Australian, Malaysian and Japanese strains. CAV-B
and CAV-P are closely related to Bangladesh strain.

3. CAV-E and CAV-B isolates found to have Q (glutamine) at position 139
and 144 in the hypervariable region of VP1, which are responsible for iow
spreading nature in the cell culture.

4. All the Indian isolates were found to have Q at position 394 which

indicated their highly pathogenic nature.
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10.

11.

12.

Restriction endonuciease analysis revealed that restriction enzymes Hha
I, Hae Wll, Dde | and Sac | were found useful to differentiate Indian CAV
isolates using the PCR ampiified complete VP1 region.

Pathogenicity studies in SPF chicks indicated that all the five Indian CAV
isolates were pathogenic to young chicks and no significant vartation
among them was observed.

The combined use of CAV-VP1 and VP2 through nucleic acid
immunization approach was found suitable method to develop a third
generation vaccine against CAV.

pVAX vector was found suitable to develop a nucleic acid immunization
method for CAV.

The CAV-VP1 and VP2 were found to induce cell mediated as well as
humoral immune response.

Apoptin was found to express in the neoplastic cell line, Hep-2 and
induced apoptosis.

CAV VP3 (apoptin) apoptotic potential was determined in RSV
transformed chicken embryo fibroblast cells in vifro and in RSV induced
tumors of chicken in vivo.

CAV-VP3 was found to suppress of the RSV induced tumor by causing
apoptosis and further studies are required to exploit its therapeutic

potential for virus-induced tumors.
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MINI ABSTRACT
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The chicken anaemia virus isolates obtained from various parts of India, were
characterized at the genomic level. The immunogenic effect of the CAV-VP1 and VP2
proteins and anti-neoplastic effect of CAV-VP3 (apoptin) were also studied. A total of 5
CAV isolates were sequenced partially. The sequence analysis of 1766 bp nucleotides
showed variation of 12 to 52 nucleotides among the Indian isolates, CAV-E showed
maximum variation of 52 nucleotides. These 52 nuclectides variation (4%) resulted in only
5 amino acid changes. There was only one amino acid variation at position 149 in CAV-A
and one at position 186 in CAV-E in the VP2 region. CAV-E showed maximum 4%
variation, In VP1 region, variation of 7 amino acids was found in CAV-P, which showed
2.1% divergence. Phylogenetic analysis based on the nucleotide and amino acid
sequences 6f VP1 protein revealed that CAV-A was very closely related to European Cux-
1 strain, CAV-E was very closely related to Australian, Malaysian and Japanese strains
whereas CAV-B and P were closely related to the Bangladesh strain. RE analysis reveated
that restriction enzymes Hha |, Hae Ill, Dde | and Sac | were found useful to differentiate
indian CAV isolates. Pathogenicity study of five Indian CAV isolates in day old SPF chicks
indicated that all are highly pathogenic to young chicks. The CAV-VP1 and VP2 genes
were cloned into pVAX expression vector and in vifro expression of the profeins was
studied in Hep-2 and CEF cells, respectively. The immunogenic effect of CAV-VP1 and
VP2 protein was studied in 18 weeks old layer birds and in young chicks through the
nucleic acid immunization approach. The results indicated that the dams vaccinated with 2
doses conferred complete protection to the young ones from the dinical disease and
partial protection from the virus induced immunosuppression. In ovo immunization in 18
days old embryos also conferred protection to young chicks from the clinical disease to
CAV challenge at 15" day of age. The CAV-VP3 gene was cloned in pVAX vector and in
vitro expression of the protein was confirmed in Hep-2 cells. The anti-neoplastic effect of
CAV-VP3 protein in RSV transformed CEF cells in vitro and in RSV induced tumor of
young chicks in vive revealed induction of apoptosis and causing suppression of tumor at
the site of injection. The present studies indicated that CAV isolates circulating in this
country are genetically different. Indian CAV strains might have evolved from different parts
of the world. Further studies on complete genome sequencing of recent field isolates will
give further information on epidemiological status of this virus in the country. Nucleic acid
immunization with VP1 and VP2 combinedly might be a useful altemative
immunoprophylactic against CAV. Further work using adjuvantimmunostimulants is
needed to achieve complete protection from the virus induced immunosuppression. The
CAV-VP3 may be exploited to use as anti-neoplastic drug for retrovirus-induced tumors.
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APPENDIX

e

A. MEDIA FOR CELL CULTURE
RPMI-1640 Medium

RPMI-1640 powder : 1040 g
HEPES ; 2.50 g
Sodium bicarbonate (NaHCO,) : 2.00 g
Streptomycin : 100 mgyg
Penigillin . 1 Lakh 1U
Tripie glass distilied water (upto) : 1000 mt

Contents of one vial of RPMI-1640 (10.40 g) were dissolved in 500 ml of
tissue culture grade distilled water. Other constituents viz. HEPES, NaHCO,; and
antibiotics were added in the powder form to the dissolved medium in the quantities
mentioned against each and mixed completely. Final volume was adjusted to 1000
mi with distilled water. The pH was checked/adjusted to 7.4. The prepared RPMI-
1840 medium was sterilized by membrane filtration (0.22 pym, Millipore), sterility
tested for 48 hr and then stored at 4°C for further use.

RPMI-1640 Growth Medium {GM)

Fetal bovine serum {FBS) ; 200 ml

RPMI-1640 medium : 800 ml
Cell Freezing Medium

Fetal bovine serum (FBS) : 2.00 ml

Dimethyl sulfoxide (DMSQ) ' : 1.00 ml

RPMi-1640 medium : 7.00 ml

Mixed and filtered through Millipore membrane (0 22 pymj).
Glasgow Minimum Essential Medium (GMEM)

GMEM : 125¢g
Tryptose phosphate broth (TPB) : 295¢g
L-Glutamine : 300 mg
Sodium bicarbonate : 2.75¢g
Penicillin : 2 Lakh IU
Streptomycin : 200 mg
Distilled water up to : 1000 mi

The medium was sterilized by Seitz filter and stored at 4°C.
Trypsin Solution

Trypsin (Difco 1:250) : 0.25g

Ca® and Mg* free HBSS upto ; 100 mi

The pH was adjusted to 7.2 with addition of sodium bicarbonate and the
solution was sterilized by filtration through Seitz filter and stores at 4°C
Hanks Balanced Salt Solution

Unit |
Sodium chloride {(NaCl) : : 16.0g
Potassium chioride (KCH) : 08g *
Magnesium sulphate (MgS0,.7H,0) : 0449
Calcium chioride (CaCl,.2H,0) : 043¢

Distilled water : 200 m)



Unit i

Disodium hydrogen phosphate (Na;HPO4.2H:0) : 0.297 ¢
Potassium dihydrogen orthophosphate (KH2PO4) 0.120 g
Dextrose : 4049
Phenoi red {0.4%) : 10 mi
Distilied water : 190 ml
Unit Hi
Sodium bicarbonate ; 144
Distilled water ' 100 mi

Units 1, 1l and il were sterilized at 115°C at 15 Ibs pressure for 15 min and
stored at 4°C.
B. SOLUTIONS FOR LYMPHOCYTE TRANSFORMATION TEST (LTT)
Phosphate Buffered Saline (PBS) (pH 7.4)

Sodium chioride {(NaCl) : 8.00 g
Potassium chloride (KCI) ' 0.20 g
Disodium hydrogen phosphate {Na;HPO, 2H20) 1.15 ¢
Potassium dihydrogen orthophosphate (KH2POQy) : 0.20 g
Distilled water (upto) : 1000 ml

Sterilized at 15 |Ibs pressure for 20 min and stored at 4°C until used.
Trypan Blue Solution {0.4%)

Trypan blue : 04049

Phosphate buffered saline (PBS, pH 7.4) : 100 ml

Filtered through Whatman fiiter paper and stored at room temperature.
MTT Dye Soilution

MTT dye (SRL, India) was dissolved in PBS @ 5 mg/ml, membrane filtered
-and stored in dark at 4°C for further use.
. SOLUTIONS / BUFFERS FOR DNA EXTRACTION AND ELECTROPHORESIS
1M Tris-HCI (pH 7.5 & 8.0)

Tris base : 12140 g

Distilled water : 800 mi

Contents mixed by stirring on a magnetic stirrer. The pH was adjusted to
desired values of 7.5 and 8.0 by adding concenirated HCI. The final volume made
upto 1000 ml, dispensed into aliquots, sterilized by autoclaving and stored at 4°C
for further use.
0.5 M EDTA (pH 8.0)

EDTA. 2H,0 ; 18.61 g

H.O : 80.00 mi

Stirred  vigorously on a magnetic stirrer, pH adjusted to 8.0 with
concentrated NaOH (approx. 20 g of NaOH pellet), voiume was adjusted to 100 mi,
dispensed into aliquots and sterilized by autoclaving. Stored at 4°C.
10% SDS (Sodium Dodecyl Sulphate)

SDS (electrophoresis grade) : 10.00 ¢

Distilled water : 90.00 ml

Solution was heated to 68°C to assist dissolution, pH adjusted to 7.2 by
adding few drops of conc. HCI. Volume was adjusted to 100 ml, and dispensed into
aliquots.



5 M Sodium Chloride

Sodium chioride (NaCl) : 29.22 g

Distilled water : 80 ml

Solution was stirred vigorously till the salt dissolved completely, volume
adjusted to 100 mi with distilled water, dispensed into aliquots and sterilized by
autoclaving. Stored at 4°C.
TNE Buffer (Tris HCI 50 mM, NaCl 150 mM, EDTA 10 mM)

Tris HCI (1M, pH 7.5) : 5.00 mi
NaCl (5M)} X 3.00 ml
EDTA (0.5M, pH 8.0) : 2.00 m!
Distilied Water : 90.00 m|

Stored at 4°C,
Lysis Buffer

Tris HC! (1 M, pH 7.5) : 1.00 m
EDTA (0.5M, pH 8.0) X 2.00 mi
Triton-X 100 : 0.25 ml
Distilled Water : 96.75 mi

Stored at 4°C.
Proteinase K (20 mg/ml)
Proteinase K : 20 mg
Autoclaved distilled water ; 1 ml
Aliquot and stored at —=20°C.
3 M Sodium Acetate {pH 5.2}
Sodium acetate.3H,0 : 4081 g
Distilled water : 80.00 m]
The pH was adjusted to 5.2 with glacial acetic acid. Volume was adjusted to
100 m! prior to dispensing into aliquots and sterilized by autoclaving. Stored at 4°C.
Tris-EDTA (TE) Buffer (pH 8.0) (Tris HCI 10 mM, EDTA 1 mM, pH 7.5)

Tris-HCI (1M, pH 8.0) : 1.00 ml
EDTA (0.5M, pH 8.0) ; 0.20 mi
Distilled Water {upto) : 100 mi

Autoclaved and stored at 4°C.

Tris-Borate EDTA (TBE) Buffer (5X)

Tris-base : 54.00 g
Boric acid : : 27.50 g
0.5 M EDTA (pH 8.0) : 20.00 ml
Distilled water {upto) : 1000 mi

Tris and EDTA were mixed in 800 mi of autoclaved distilled water, stirred
until dissolved completely. Then boric acid was added and stirred, final volume was
adjusted to 1000 ml with autoclaved distilled water. Stored at room temperature.
Ethidium Bromide (20 mg/ml)

Ethidium bromide : 2 g
Distilled water ; 100 ml

Solution stirred on magnetic stirrer for several hours to ensure that the dye
has dissolved properly. The solution was transferred to amber colored bottle and
stored at 4°C.
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DNA Gel Loading Buffer (6X) {Tracking dye)

Bromophenol blue ; 0.25%
Xylene cyanol : 0.25%
Sucrose in water (w/v) : 40%

Stored at 4°C.
D. SOLUTIONS FOR MOLECULAR BIOLOGICAL WORK
Luria -Bertani(LB) medium

Bact. Tryptone : l0g
Bact.Yeast extract ; 5g
Sodium chioride : 10g

pH was adjusted to 7.0 with sodium hydroxide and volume was made upto one
liter with distilled water, sterilized by autoclaving.
LB Agar

LB agar was prepared by adding 1.5 % agar to LB medium, sterilized by
autoclaving.
LB/Ampicillin Plates

LB agar was meited and allowed to ¢ool to RT. Ampicillin {(70pg/ml) was added.
SOB medium

Bact.Tryptone X 249
Bact.Yeast extract X 05g
Sodium chioride : 005¢g
Potassium chioride ' 0.0186 g

pH was adjusted to 7.0 with sodium hydroxide and volume was made upto 100
ml with distilled water. Sterilized by autoclaving at 121°C at 15 psi for 15 min. Add
sterile magnesium chioride to {0mM.

SOC medium
SOC medium contains 20mM Glucose in addition to SOB medium.
TSS (75ml)
2X LB : 37.5mi
30% PEGS8000 : 25 m]
1M MgCi; : 4.5ml
DMSO : 3.75 ml
Sterile autoclaved distilled water ; 16.4 mi

LB and PEG were autoclaved at 121°C, 15 psi pressure for 15 min DMSO was
filtered through 0.22 micrometer membrane filter.

P-|
Glucose ; 50mM
Tris HCI (pH8.0) ; 25mM
EDTA : {OmM
Sterilized by autoclaving at 121° C, 15psi pressure for 15 min.

P-l
Sodium hydroxide : 200mM
SDS : 1%
Stored at room temperature.

P-1ll

Potassium acetate (pH 5.5) : 3M
pH was adjusted using glacial acetic acid and sterilized by autoclaving stored
at RT.
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