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HICHEEREE PR RV B A 5 4 1B A 4 & W27 Psittacine beak and feather disease
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Abstract

Circovirus infection is an emerging viral disease of young pigeons and maybe a
crucial factor of young pigeon disease syndrome. In addition, little is known about the
roles of circoviruses in causing disease in passerine species such as canaries and finches.
The order Passeriformes are the most common birds in Taiwan, however there has no
relevant studies about the prevalence of circovirus in these species. The aims of this
study were to investigate the prevalence and the genetic features of the circovirus
strains that infecting the pigeon and birds of the order Passeriformes. In this study,
cloacal swabs were collected from 736 racing pigeons and 57 breeder pigeons of 56
lofts in northern and central Taiwan, and also_fecal swabs were collected from 391 wild
pigeons in Taiwan from 2009-204153 out of 56 lofts wererpositive and the prevalence
of pigeon circovirus (PiCV) were 68.5%;:1;5_94/736) and 38.6% (22/57), respectively.
Racing pigeons with clinical signs such a;:(@i;;rhea, anorexia, weight loss and poor race
performance were related to positiv;le [percer;tage»(p<0.01). The prevalence of PiCV in
wild pigeons were 31% (121/391) with: little differénce in 4 areas of Taiwan. PiCVs
indicated 94.3-99.6 % and 89.1-100 % of nucleotide and amino acid identity in ORF V1,
and ORF CI1 sequences were 74.2-99.2 % and 73.2-99.8 %, respectively. Phylogenetic
analysis of capsid protein genes of the Taiwanese strains were closely related to Belgian
strain, which is probably due to the fact that the PiCV-carrying healthy pigeons
introduced from abroad could most likely be the origin of the virus and spread to
pigeons in Taiwan. The results of in situ hybridization were found mostly in the
cytoplasm of infected cells in liver, kidney and lung. Moreover, fecal swabs from 310

birds were collected in pet bird shops in Taiwan from 2010-2011, and the prevalence of

circovirus in these birds were 54.8 % (170/310). The highest positive rate was

v



Zosterops japonicas with 91.9 % (102/111). The ORF V1 sequences revealed these
viruses were classified in Psittacine beak and feather disease virus (PBFDV), PiCV,
Finch circovirus (FiCV) and Raven circovirus (RaCV). The ORF CI1 related to PiCV
compared with GenBank indicated 77.2%-99.6% and 76.4-100 % of nucleotide and
amino acid identity, which showed the possibility of cross-species transmission of
circoviruses among order Passeriformes. The results of this study indicated that the
PiCV-positive rate was high in the pigeon and order Passeriformes populations by
horizontal transmission of fecal in Taiwan, and according to the sequence diversity and

phylogenetic trees indicated the complex sources from nature or others.

Keywords: Pigeon circovirus, Yyoung pigeon disease syndrome, order

Passeriformes, multiply primed rolling-circle-amplification, in situ hybridization.
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B & BRpELELE R

25 35S Ifii—a% (porcine circovirus > PCV) & & 5% gtz H Wik DNA :Iriafi ’
31974 & p FH 4 8 5T w2tk (porcine kidney cell line » PK-15)¢ 4 g ) %
(Tischer et al., 1974) - PCV & & 54 4] » % - 3|5 % & 7§ Xtz PCV-1 - 1991
EN N EAFEF Y - A Ale PCV gilaspgz it 5 A ELEER
(postweaning multisystemic wasting syndrome » PMWS) > PMWS =7t & A gk +F <
SHMESB AR EY ~FomE Rk AEEF RN LHFEL o B3 PCV &
FRBEPRAEII I PREARS BT TR }?54* (Clark et al.,1997) » F]p fip
Rtz PCV 5 porcine circovirus type 2 (PCV-2) v@ A& IR PCV RS
porcine circovirus type [1'(PCVAI)Si2 522 % B %\/I 2 rT“ MEFIRRE TEFT
PCV-2 % % (Allen etal., 2000) ° \

%3 POV 2 e s Tﬁrﬁfﬂi’%% SEET ST U Y
(Chicken anemia viruc » CAV) (Gelﬁle‘ blom et al.;? ‘1989) S EgRgrR I T # (Psittacine
beak and feather disease » PBFDV) (Ritchie et al’.,fl_989) % ¢85 (Pigeons) (Woods et
al., 1993) ~ £ %+ 4 (Canaries) (Gbldsmith, 1995) ‘- : @8 (Senegal doves) (Raidal &
Riddoch, 1997) ~ 4§ (Geese) (Soike et al., 1999) -~ % & (Ostrich) (Eisenberg et al.,
2003)~ %8 (Ducks) (Hattermann et al., 2003)~ = %2~ & (Gouldian finch) (Shivaprasad
et al., 2004) ~ % 7§ (Raven) (Stewart et al., 2006) ~ %% 5 (Starlings) (Johne et al.,
2006) ~ ¥ (Gull) (Todd et al., 2007) % & f# % 4§ (Mute swans) (Halami et al., 2008)
2 LR A

s mIEz,#%}?r,—+ B % 1990 & ehf x e E @4 g R F R (Woods et al,
1993) > & - BATHFIRA R o TR L 1986 & 4o £+% 2% 1989 &R > nFHENT S
MABLBZEF 5 mHF R ik ps he iais & (Woods etal., 1994) -
EF LM EF W (Smyth & Carroll, 1995) ~ & # # (Gough & Drury, 1996) ~ & &
(Soike, 1997) % +* fIp#F (Duchatel et al., 1998) %+ 2§ 7 85 & #iﬁ;{%}]ﬁai g
Fd oA FAFF o RL M3 BRoEE (PICV) ~ & 504 Bk Ifiaa (CaCV)

3



fesg ik 4 (GoCV) # 8§igvfit 54 (PBFDV) b %k 5 547 (Mankertz
et al., 2000b ; Phenix et al., 2001 ; Todd et al., 2001a) °

% ;l%)]%% i g B & % (order Passeriformes) 4r4& Sid 2 H is & 1 § 5 & 7
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v 2 d mhl. (black spot) » B s FEEINE ~ER LR R FT 7

- (}}ia_, OB R;F O Mt TRR }ﬁi—a- % B (Goldsmith, 1995) o 2_ {8 A5 = =

EESEF AT - AR RS DR L P ARE RERE - 32 2w
c 0 TR E FEEE ~ ST IR vEREE R L 4 R R ATFIR AT
PR B RTHF BkopS (PICV) 2 Bagrjotmp=+ (PBFDV) > Prpiip i & & &
w674 % % 649 % & itE g m&%}ﬁs}r (PCVs) FiRtER 5 537 % %
53.9% #F 5 - ATAHA B A o B R ESE RN B+ (Canary circovirus, CaCV)
(Phenix et al., 2001 : Todd etal,, 2001b)> -

AR P RR RS DR AR R R RS T W g B (Zebra
finch > & % Poephila castahotis) “'"i;i 75 FRRRC R OB TR PRGN T e
REvEmr G oo iy B (My$0re{sl'él- 1995) - 2004 # Shivaprasad % * -
£ 10 &= > 5 f Ay Vi“)»'%# %@m,ﬁ;{ SR A D 2 B Y
(Gouldian finch - & % Chloehia gLuldlae) 14 & EERIL T~ TS BB R
SARREC S N § R (Shlvaprasad et al. 2004) 2007 # Todd % * % -
ERUEC A AR L Sl = F 5o b N Ve P I ) L
ERAE A (CaCV) Bd2id - Pipdp iR 5 65.1% 0 #F 5 - A3 RpE4 - &
t 3 E#®MopEA  (Finch circovirus, FICV) (Todd et al., 2007) -

V- R AP EHERAFS SRR RN - TR L RNAR
(Australian ravens, ¥ % Corvus coronoides )3t £ F g e H 5 ibrig f2 g8 B 2 33
W fmgm g > B 2 FET R RIR R GAFREAST O S PR E S E R
Amd (CaCV) 2485 Rpm4 (PICV) Boikif - P 5 - TP pE - & 4
= & 8%k & (Raven circovirus, RaCV) (Stewart et al., 2006)

YEEE G A RIRRA 0 1997 # Bp ok in- BARSE L (S 02E A-G AT IR
Bogd »BFR-FERF AL HRARBS > L5 Torque teno virus (TTV)
(Nishizawa et al., 1997) ¢ ¢* 5 & 2 2 5148 7= & H 3%~ Bk DNA (Miyata et al.,, 1999) »



HAMpi Bkopd #££7 % B A 8%kkop3 (Mushahwaretal, 1999) « ¥ - 483 +
% =1 TTV-like mini virus (TLMV) » i&4875 # “$ LR b sy F A R S
ol ¥ e f % ¢ 3 SR (Takahashi et al., 2000) - # 3 2553 A Fli e =
BB CAV G Apis o & —'F‘f Beni 824 10% M p (Islametal., 2002) - e 22 H {5 & 5o
SERGREA F R W aupd ST e TTV Rt atan- 7 415
Anelloviridae (Biagini et al., 2007) °

FooE RRmS LS WE K
21 Bpopd L AN

s 3 ffr‘,% #+ (Circoviridag)- &gy g__k"ﬂ @ Nt e 0 RV A A ﬂ;;.-fﬁai A
(genus) » 4~ W] 5 Gyrovirus £ Clrcowrus o Gyrovirys, ¥ p & § F P o o 4
(Chicken anemia virus » CAV) /38 ¥ TE—,,- ’f' Bl} 'ﬂ’iﬁ = |antisense * CAV ti4f @ % 4>
‘% nanonucleotide stem loop _rm‘ﬁ.i 5'*] &ﬁ; fﬁ’“ % (Niagro et al., 1998) -
Circovirus 7 %148 2 & 3/ ambisense &= ﬁ gk m+ 5 - 3 (Porcine
circovirus type 1 » PCV-1) s.7% Iﬁi;{% ;)}'ia% Sl | (Porcme circovirus type 2 » PCV-2) ~
ERE 3 :Ifiai (Pigeon circovitus - PiCV) ~ &35 4 %Kk Ifiaa* (Canary circovirus °
CaCV) ~ 487k ;-I%}]%fr (Goose circovirus * GoCV) ~ Bigri3d e Tk ;[%ﬁr,ur (Psittacine
beak and feather disease * PBFDV) % ®§3%}k 54 (Duck circovirus » DuCV)% -

22 B BH

Bofeopd Ao e BiELEREA) DNA B3 o B 3R s o i
14 - 265 nm 2 & - y?q—%%pf?ﬁi«’ iR RESA G LR AN G0 CAV &
19.1-26.5 nm (Gelderblom et al., 1989) ~ PBFDV 5 14-20.7 nm (Todd et al., 1991) ~
PiCV % 14-28 nm (Mankertz et al., 2000) ~ CaCV 5 16-18 nm (Todd et al., 2001b) ~
FiCV % 15-18 nm (Todd et al., 2007)% PCV 3 16.5-20.7 nm (Mankertz et al., 1997)-



23 Hd AFM

i%\;{%\}}ia-% A FR K 1723 kb 2 B # Pl FlE £ ] 2 B 5 CAV
2298 nt & 2319 nt (Claessens et al., 1991 ; Noteborn et al., 1991)~ PBFDV % 1993 nt
(Niagro et al., 1998) ~ PiCV % 2037 nt (Mankertz et al., 2000) ~ CaCV % 1952 nt
(Phenix et al., 2001)~FiCV 5 1962 nt (Todd et al., 2007) ~ GoCV 5 1820 & 1821 nt
(Chen et al., 2003)~DuCV % 1996 nt (Hattermann et al., 2003) % PCV-1 % 1759 nt
(Meehan et al., 1997) -
PiCV 7 7 B i & cnE B3 = (open reading frame) > 4 %] 3 :/,;‘ai A T
(genomic strand ) 2. V1 #2 3 4 % (complementary strand) 2. C1 ~C2~C3~C4 -
VI (nt41-994) #& 3% 22 DNA 45 @ 4p B c9Rep.3-v > Cl (nt. 1987-1166) &
29.7 kD z_ *t # F-% (capsid protein)):"» C2 (~nnt‘ 790-410) ~ C3 (nt. 292-2036)
C4(nt.984-736 )4 w# 2  13.7:10~8.9 kD 2 3% ~(Daumeet al., 2009) (Figure 1) ©
PiCV 3 # i intergenic regibns’ LREN 2 “Stem-loop- i 1 {- nonamer % 71 %
- =% Cap & Rep 2 5t (nt. 198,5-40) £ RG 90bp PR L &E
Pﬂvxwﬁkﬁﬁpw’ﬁMQU%in%?ﬁﬁﬁﬁﬁmMW’i
stem-loop “”r#m B3 B i'J Y 5'- TAGTATTAC 3 nanomer 5 7| > % = B
intergenic regions i~ % Cap & Rep £ 358 (nt1995 < 1167) o A 4522 2 GoCV
= PiCV ifrintergenic regions A ®]% 132 nt 1\? 90 nt > GoCV ¢ nonamer 5 71| & %
ZpE ”T” »>@a PiCV~PBFDV~CaCV-~PCV-1 fv PCV-2 ¥ 5 ”G” »PiCV
erinonamer 5 7|2 PBFDV~PCV-1 ¥ 4p FF > @ & stem-loop B2 GoCV & PiCV
pla wld 11 B2 20 B4g A #rfe$ta; 2 (Todd etal., 2001a) -
£ 41 PICV 2 8 v Bk 4 VI A2 ik fe i 70 4p e 124 B 5 PBFDV
(57%) ~PCV-1 (41%) % PCV-2 (42%) - &~ 7 PiCV & H ’&‘Iﬁ;}%:]}%i Cl #7
W2 M AL B 7] AR I 44 w5 PBFDV(39%)~PCV-1(21%) % PCV-2(23%) °
R XIRATIREE 5 HAp R MR 4 W 5 PBFDV(57% ) ~PCV-1(36% ) 2 PCV-2
(34%) © # % v ipd 39 (Rep) 2 BF L5 5HF A PICV G it + &
#17 PBFDV (Mankertz et al., 2000) °



(a) FB25

{1870 — 1847) c3

(282 — Z2036)

Cc1
(19587 — 11688)

PiCV
2037 nt . 2
) (790 — 410)
B585 (984 — T36)
(1168 — 1188)

Figure 1. Genome organization of PiCV. Black arrows, transcription of potential ORFs
of PiCV, labeled according to-their loqalizatiot}”_on the virus (V) or the complementary

(C) strand. Positions of start and ‘stop codons are given By numbers (Daum et al., 2009).
CaCV 3 = B4 & ehfF %9: %Eﬁ*@‘éﬁpeh 'ﬁé?ding fréne) AN ) A :}]i;fr & FR
(genomic strand) 25 VI 23 &‘fr (‘é’ézl%fem?ntary strand) 2. Cl1 22 C2 - VI
(n(32:904) 463% % DNA H8Lip b i ";J{n 33.4%Da; C1 (nt. 1906-1154)
#3891 30 kDa 2. * 3 Fod '(éapsnih ot 2 (nt679-275) #7%+ 114.9 kDa
2 %9 s # AP o CaCV 1 étém-lqdp S 113 48 Z_cH intergenic region ° %
23 Cap ¥ Rep e 53 (nt. 1907-31) » & & 5 77bp > :Irias? 4 Bl A 40 B
AT % 0 3T 20 stem-loop & *}? 778 x5 % 3 nonamer & 7| 5 5'-CAGTATTAC > #
- Bi=% 57A” » 2 PiCV~PBFDV -~ GoCV %2 PCV-1 &7°T” % r (Meehan et
al., 1997,1998 ; Bassami et al., 1998) - A 3 1T stem-loop ,f‘f—;—f#éﬁ& HoF-BREHERD
g A 7] 5 5°-GGAGCCAC (nt 12-19 and 20-27) > PiCV » I 34p i enfiFA5 o
2317 stem-loop Bt — B2 S £4F A 7] 5 5-GGAGCC » 42|t £ 47 A
AT ERFAFUDES > T ERkES Rep 39 & =5 B (Mankertz et al,
1997, 2000 ; Niagro et al., 1998 ; Todd et al., 2001b) (Figure 2) °
~17 CaCV fof @ Jhjkops & A FIE A 71 Hap e 20 %] 5 PiCV (58.3%) »
PBFDV (55.7%)~PCV-1 (50.9%)% PCV-2 (46.8%)° 4 17 CaCV frH i T & :}]?3-% \Y!
TR MR FE R 2] 0 R A B 5 PiICV (63.4%) ~ PBFDV (62.9%) ~ GoCV
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(45.8%) ~ PCV-1 (42.5%)% PCV-2 (40.4%) = 4 47 CaCV o2 © Hjt 4 Cl “4
M2 MfA e B 70 4p e A W) 5 PBFDV (44%)~PiCV (39%)~PCV-1 (28.5%) PCV-2+
(29.8%)% GoCV (25.7%) >#x CaCV Zj# i* + $.4%iT PICV 2 PBFDV (Phenix et al.,
2001) o

A C

G T
A A
c T
G/A T ORF C1 (Capsid) St
v ot (1906-1154) ~
G:c ORF V1 (Rep)
[sH & — (32-904)
CiE
G:iC
G:C
aic —ORF C2
—— A TTEGAGCCAC GEAGCCAC (679-275)
1835 —_— 2

B

Monamer  Stem-oop (bp)

CaCV CAGTATTAC 8
EFDV TAGTATTAC 10
CoCV  TAGTATTAC 20
GCV  TATTATTAC 1"

FCV1 TAGTATTAC 11
PCV2 AAGTATTAC 11

u"i‘-h".-nl_.'

Figure 2. Genome organization.of Cr V-fRI—StetL loop'sequence present in the CaCV

intergenic region. The nonamer element prgent JF he apex of the loop is highlighted in
bold ; the tandemly repeated oct Illel' sequen&I GGAGCCAC is underlined. (B)
Relationship between the CaCV nonamer sequence and stem length with those
described for other circoviruses. (C) Schematic representation of the circular CaCV

genome showing the three major ORFs, V1,C1 and C2. The position of the stem-loop

(SL) element within the intergenic region is shown (Phenix et al., 2001).

FiCV 7# 5 = B 2 & 7@ 2 3% 1= (open reading frame) > 4 %] }}%4 2 FR

( genomic strand ) 2. V1 ¥ 3 48 3% ( complementary strand ) 2. C1 22 C2 (Figure 3)
i stem-loop éfﬁmﬁgﬁ’ﬁ - K % 5-TAGTATTAC ¢ nanomer % 7| > 22 PCV-1 ~
PBFDV -~ PiCV 4p F - 317 stem-loop i%ﬁf‘.mli»:% '3 - BREAM S X P BRI
# 5-TGGAACC - @ % Rep 3¢ %3 7 H & k4 v g - LB RG G
B 7|t nt 191-223 @& » Bieflfk A 7] ¢ & WWDGY » DDFYGW % DRYP - 4 47
FICV fedl @ Bt 4 shk IR0 A 7] » B4 {24 5 3 CaCV (65.1%)% PCV-2

8



(48.8%) o &~ 17 frH 1 Iﬁi;l%}]%fr V1 8 2 %R 7] > il e B 5 CaCV
(75.6%) ~ PiCV (66.9%) ~ PBFDV (63.2%) ~ PCV-1 (43.3%)% PCV-2 (43.0%) ° ~ 15
FiCV frH s Iﬁi;-]»%)]%i Cl T2 "= B 7| > il e 59 5 CaCV (62.5%) ~
PBEDV (42.3%) ~ PICV (40.7%) ~ PCV-1 (28.0%)% PCV-2 (29.5%) « & FiCV i
it} & 337 CaCV (Todd et al., 2007) »

(d) stem loop
nonanuclectide maotif

V1

7 11961-1212) R (20-904)

FiCV
1962 bp

C2 .
(1063-614) 4#

M l;

Figure 3. Genome organization of F’(JV sﬁowmg 1he locaﬁons major ORFs relative to
the potential stem-loop and n;)nanucleotlde motlf The V1 ORF on the virus sense
strand encodes the putative rephcat10n'assoc1ated protein (Rep), while the C1 ORF on
the complementary sense strand encodes the putative capsid protein. The first and last

nucleotides of the ORFs are shown in brackets (Todd et al., 2007).

RaCV 3 = B i & chf *x 3¢ 1= (open reading frame) - 4 %) }?ﬁ—a- & FR
(genomic strand ) 2. V1 £ 3 4 3% (complementary strand ) 2. C1 > V1 (nt 36-911 )
WA DNA A El4p M 5 291 B e fihRep 30 5 Cl (nt. 1847-1116) #3
7 243 ez b 3 (capsid protein) (Figure 4) o - stem-loop % {5778 =4
7 - &% 5-GAGTATTAC 9 nanomer A 7| » H 2 i § it b o {efksfk s 4
Fedf Wendz gk B > & RaCV nanomer & 7en% - Bix% 5 “G”> frd & Iii;]%/,;‘a
£ 7°T” 3 F o b3iT stem-loop BHEE 0 § - Rl D BRI F B PEd
% 7] 5-CGGCCACTTGGAGCCACGGA-3" #nt3-21 2 nt 1871-1889 =% + oyt

9



o G - BLEA S KR B A 7 L 5-GGAGCCAC-3” #nt 12-19 £ nt 20-27
B b ARIT stem-loop B 0 2t B CaCV 2 B 74p ke o » 47 RaCV fr i & Iﬁi}%/ﬁafr
Cl “T 42 "k ft B 71 » 48 I 24 B e CaCV (69%) % PiCV (64-65%) $d2if »
W fedl # Tk a4 PBFDV (49-56%) ~ DuCV (25-27%) « GoCV (25-28%) ~ PCV-1
(18%) % PCV-2 (4%) £ B #2 % o RaCV fji it + 217 CaCV # PiCV (Stewart
et al., 20006) °

A . o stem-loop structure

RaCV
1898 nt

cic
C:GAGCCACTTGCAGCT

RaCV GAGTATTAC
CaCV CAGTATTAC
BFDV TAGTATTAC
CoCV  TAGTATTAC
GCV TATTATTAC

DuCv  TATTATTAC OH F C1
PCV1 TAGTATTAC

PCV2 AAGTATTAC
* kAR EEA

aer-iri6m
XU T U

Figure 4. Genome organizati'SnI of. i{iCV. (A) T!hé ,.§_tem‘-loop sequence present in the
RaCV intergenic region demonstra;ting“é nonarmer elément at the apex of the structure,
tandem repeat sequences and nick site. (B) Relationship between the RaCV nonamer
sequence in the stem loop with other circoviruses. (C) Schematic representation of the
circular RaCV genome indicating the position and length of the two major open reading

frames: ORF V1 and ORF C1 (Stewart et al., 2006).

24 pE 2

Hft g d FIH A A T B 25 nm AL RN T IR L AR RS -
GRS ¢ 0 CAV T HRILE g o 3t 80 C ~ 15 A ABAIL IS ik i3 iE
et pH3I MM TS P EO AR L opd L X hme B E S P AL G R

A TR oA Bnh G A MR A ME AR S RT LE %
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B d RSB HREE 24 1B 4 R il CAVIA A & > 2 CAV 4 — BAp % 8
’irﬂ}}%i (Yuasa, 1992) - PBFDV >+ 80 C ~ 30 # 45432 {8 » H & & ‘o n Zf ey 4
w33 & (Raidal et al., 1994) e PCV-1 272 'C% pH 3 ehik&E ™ » iT%* 10 » 45 > &
2.60°C ~30 A 451 5§ 454tk (Allanctal, 1994) » @ PICV 7 ko #cdg il s
FHERRORSEF > ARG R UG b AR RE 2 AR TIL G
At (Todd, 2000) -

%= & ﬁ%@ 2R
31 PCV 2z it

?gé%quxgﬂﬁ&@#ﬁﬁé%%%v@?@%ﬂNngﬂﬁﬁ
& fedtis 5k i AL m i 3 (postweamng multlsystem wasting syndrome ; PMWS) »
é—i’é%%ﬁ*‘i'ﬁfﬁffﬁw ,3,3’?'-412&$ WG E TIR L AEEEA
FoRET W IWV%“*%m“ft%;%%uﬁﬁﬁﬁnim@wﬁ@\ﬁa
A~ ok~ m 2 TR N R g R AR TR 2 TR i
fo hEBBEES b ,;ch‘*m;i?‘r"’fi (corte&) TS B IR TR
KR L;pkéLfﬂmﬁo%ﬁ?iﬁﬁﬁﬁk\;ggﬁmiggj
R i G ot ie ) Wopmie R AT AW e e RS L g E A “%’i’é%
Bp 2 g e iatle ¥ b A TR A A B m T R YR LR e
SRABEAF ARG THT G BEFERE 49 (Allanetal, 1999) -

32 CAV 2 xpl

CAV 7 jd L3 AP B 7 IRd 5 ADE Qe ik B § &P
LEAK I B - W5k T 23 MR BN o SR A
BB E S FFHEHT 25 REDPL 2 7 FRF - s ¢4 W Nm T
Rk 8:11 il w IR BRim e B T W BRim e o LR BRIk BRim e i S R E
B BRIk el AR A o A AR H SR T e B2 R hd B e T

11



moe 4 o § IR B e {0 CAV i iR 5 AR ML T & SR
wie DI p A k= (apoptosis)eIR % (Adair, 2000) - CAV 2o g 4 77 i B R v
(o8 2 SpAw ~ ATH B A v )2 d 2 i3 (De Boreetal., 1994) -

3.3 PBFDV Lifz:}?s'b‘_

PBFDV £ %7 2 ggag s ¥ L 2 & 1A 5 0 4 4 4p &0 Agapornis spp. ¢
Poicephalus robustus i = fa#g#g R < 125 % (Heath etal, 2004) -PBFDV 2 & i3
~EREB LR Bk e 4R SRR ) S R forjr R A% (Pass et
al, 1984) o 3462 f P 7 LT B R BN R HE A B pEE
SR F ARG T L2 L e DR L2 ok VG R E R BT
A A ?mPﬁmwmi“”%HFWeme -
B % PBFDV :hggag b 4 - X R 4 7 E R

34 PICV 2 X ‘”*Tﬁr

PICV L % £ 3 = Eril 20 #LazﬁJmlg,lﬁur¢¢z@wﬂ4o
FIPICV L & & £ i ¢ #RT K rﬂta‘i;w*n—’f—' RN N e S BN SN
BEARELT TR B #wmki’@ﬁﬁﬁ%%ﬂ?ﬁﬁéﬁﬁﬁi?ﬁ
(Sokie et al., 2001 ; Duchatel et al., 2005) ° 8+ & % Fbeop 4 2 Tk Rk ¢ 451

%‘%ﬁﬁ@‘@iT@‘Tﬂ‘@&ﬂﬁ‘ﬁﬁiﬁﬂéioiﬁﬁgéﬁﬂ

)‘\

BT R B B R F T L R R AR T
F2igie? PEMTmie 2 AR Lhmre N R T ORIRG FRADTR 2
?wwvgﬁﬁi&wﬂ’ﬂ&@%vaﬁﬁi?%%ﬂﬁ%ﬁﬁﬁ%’ﬁ@%
F R FRIARE T AL e E R s B R MR R o R ST A 2 (Roy
etal.,2003 ) °

35 CaCV 2 Xpi
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CaCV Bfth 2 S b2 508 % 5 B2 > TRk e FBME v LEIvEL
B 2T AN AR R R SAETIR AR R LAY o g6
&% H ¢ 2 10-15 %m’i‘),%—y' v 250 %R oo 2fE4 L
R T ORARR G > By Bk e @ m b nE TR I R BE
v A -‘}?i—%- %f #(Goldsmith, 1995 ; Todd et al., 2001b) °

3.6 FiCV 2 R

FICV A Edgcnd 1 555 L - B R e B A ARy AL~ &
AR~ R AL RTE S A S HRET LIRS 2 AR T e

bo

Ergimiz f 5 & &8s & (Mysoreetialy1995) T + B2 R e 22 ¥ L 3

%k i 4 (Shivaprasad et al; 2004)

3.7 RaCV z Eﬁz:]}ia el

R&V¢ﬂ@m%,ﬁN&ﬁPﬁﬂ%’ﬂﬁﬁ&# BHEAL L L A

g o BEHBHET LA #mﬂ,‘hﬂf’b fév‘ 20 VL0 SO IR g - i g E
%%fﬁ'l'r*éﬁ‘ BRREH G 2 FET AV AP

By B 5~ 38w 2 XR zkmﬂ L HE 13 ERAITE > A LS

Tﬁ‘« < 2~ DNA T 3 t§ 2. - RaCV {= PBFDV {38 £ | rﬂffis x> e RaCV 2z

|
fi‘“”ﬁ ﬁl‘ R L\ r}}"} W v m/)»/f*}

Tefk ok 7 02 PBFDV ¢ 3 B = & 18 22 T2k s (Stewart et al., 2006) ©
FPrd BRABILIHRIDE
4.1 12 mre s A A Hm 3

Ttk o K ® PCV-14c PCV-2 ¥ 12 & PK-15 ‘w2 32 % ¢ # 58 > Gyrovirus T

% ¢ CAV ¥ 4% MDCC-MSBI m? $k 2 12 {:}?3]%1 (SPF) #t 4 it fipd
4 3t (McNulty et al., 1991) » iz & R4 gk :;?5:?; 4= PBFDV - PiCV 4r GoCV % #
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TP ETEZNY wEE R E in vitro e07 ‘\xﬁff}?a—*lb;i}gﬂiﬁgiﬁ’ézﬁ/zﬂ}
* oy &

p
ERY SNCTAE

42 3 RBARE

-

R RRELE BB RRA AR, - £ RS ?i'?r*’:“«‘ﬁ—‘),%ﬁj@ 4
SRR EY o R ¥ XU Z HH Y T dup A A R A PR
:)?5%2‘2 g om g EFHKIF T B (McFerran et al., 1978) o % Soike % A %
PTG RS PICV it AT kB EA Rk F i hg 0 T
90% > #eF AG52% 2 HHS0% 0 A R T EELG s FF T A A
% Pl ix® 2 (Soike et al., 2001) °

43 HRIpH Pk

“E ¥ cloned DNA % 2 it A ;ujz,,\iﬁh 4 b’hE‘.#‘b b ALY R (insitu
hybridization) ~ 2% 22 /# |(Det | jlot ln?/brldlzatlon)l* Byt R AR F R
(polymerase chain reaction : PCH) % &R s Nig " i+ h ¥ (Smyth et
al.,2001 ; Soike et al., 2001 ,. rHattermann et al 2002 Todd et al., 2002 ; Ray et al.,
2003 ; Franciosini et al., 2005)"°

431 Rk iz % (insitu hybridization)

B fed Pt s B R Bimie i BRI R 0 AP
Fiif 4 ¢ 2w p 35 R S DNA & RNA T AT % & RIZA3 B N2 e & 8%
St le & T DNA ¢ RNA #5145 e p Bl B I % > g h2banst sy 7
4 Biotin ~ Digoxigenin % Fluorescein % B~ o F] g 2R ) JR 40 Biotin B 2% &
Flpb A H o B B oo 1T E KRR Y @ % ATR 1§ ¢ Digoxigenin °

fAEATE RS E RV NP REPE R E I RFERZFL EREE
Bl 4 0 - AR 50300 B HAAGEE o AL R DNA 4
(DNA probe) » RNA # 4+ (RNA probe or riboprobe) % % +% ¥ fk #F 4
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(Oligonucleotide probe) « DNA #f 4+ <hi 22 7 <« £ @i ~ H4FHE R~ | Rl
B RNA #4244 #0560 & RNA B4 B € figi® > © FIZR B ¢ RNaes
s o 4T RNAFFRE R AL 5 B RIFLET 5 1550 Py pe > F i 7
3 ozt S PR d WA RE s TSR S B 0 R g2t
FRPS S R ALFESERRZ F LR 2 (McNicol and Farquharson,
1997) -

Soike % 4 4] * in situ hybridization Z %7 % < % » PiCV 2_#& 11 & £ 89%> p i
R BRIL L U2 66 %o ¥ 1% ISH P T AR TR ELSF T B
BasvkE % s FRE S oRET ALR L2 e otk B R F
- ¥ % PiICV f‘k*)a AR B o B2 PR d P_T%‘« L7 B R ﬁﬂ”ffﬁ% » Z¥TPICV
- 38 &€ & 1 E > B fe & insitu hybridization dacpt 142 F B 1 @ FEHT By

AWEE S T RN 4 DNA P #F HRl 3 (Soike etal ,2001) -

432 ®F it (Dotblot hybridiz'ation) (%
| ﬁ [i_. | |

s 35 Z L 41" PCR H{ 15 st - i %M*r& \BA g g g 3 s
Tl e - PR F R 0 ‘\£ e v ”er\,Iﬁ,rﬂDNA v RNA & 7 1/ ik BLE7 53
B kdom oo d gt g rrip e w}iﬂ*tiﬁ;éwr REE S B D 2L md o4
i—%‘ﬁ‘iv‘b% o Todd % % #-32 Il%’l‘i?\'f Wmﬁé%ﬁ«?;:”fﬁ G % PCR:84% -~
in situ hybridization : 75 % ~ Dot blot hybridization : 63 % % .f‘:f'_.?ﬁ\lrl)%lf“l*f P41 %>
¥ £ Dot blot hybridization 2. 17 4= PCR % in situ hybridization » 2 it ‘e %«

AR
TR E A DNA (10" genome copies/g

)-\

L7 e AR

&

¥ 2.2 %> £ (Toddetal., 2002) -

e
A

tissue) » ¥ & — # B

433 R é&pF:i4 F & (Polymerase chain reaction)

PCR & F P-i# 2 ST 145 % B2 © KRR LR ¥ 3Rz 8§ 2 %
Pogpro 7 AI* ¢ F P2 DNA 2 DNA REFFETHFH pm+ 577 J - F AT
FEOP R R LA TIZ }?f'JiFi"’TP?’*}}%% L7 RAFTEEFR
Mz PEREFITL5F CRFYRZHIFE L ARLELSFALY 0 FA L P
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W E & %72 2 (Todd et al, 2001a) o gt ¥ 50 RT3 57 22 § 45 ik s
F 0 A dg2. TTV 228 % 2. PCV ~ CAV ~ PBFDV -~ PiCV ~ CaCV - FiCV i%ﬁfgrs 7

f1* PCR 7 i?‘“}%% DNA % 7 3 4 (Nishizawa et al., 1997 ; Todd et al., 2002 ;
Shivaprasad et al., 2004 ) - ¥ » 3 ¢ * L\ R & f= 4 & & (Nested PCR) (Soike et
al., 2001 ; Halami et al., 2008) % =rpF % & f#:d 44 & & (Real-time PCR) (Duchatel et
al., 2009) ¥ ;7R A

434 %513 EFENH g2 (Multiply primed rolling-circle amplification » RCA)

434-1 RIEF A

B AT o N (¢29) RS pe i - FREDNA Tk B fril 5% 12

f& (random oligonucleotides) JES 18 {7 4P~ (Strand displacement) 3 > B

DR A —-ﬁ;}fg;&g;kF'ﬁr[}bh’Iﬁ;Pﬁ_éE‘?ﬁ E L DNA B 7] & s i 2 2B % en
o 'ﬁft’_ \ “

RCA % - f@swhéﬁ&%%wrm@wfrw # Ff DNA et - % = %
5 4~ 29 DNA REp ¢29b AR ¢ i utfer,2, DNA .5 5 27 NTPs -
mr;;—]_ SRR E D AR »é DNA Birs 5 5 DNA & &2 7 54 % 515

P Q29 DNA R Epsil § A& 4éég’~rk«f3‘r]”+ sk > DNA@aTRE R 3 >
P 2T DNAA G - A kBt B 3 ke DNA 48T H B 7|22 4= 4ok Ap e o
T RAREWEPHRS G RRRE T T - Eedf fllé 1o 3 B3 PCR»RCA
PRI FERSEFTERBREL > P AT CERF BT ITEF > X2
FAFEERF L FF PR A T P R i DNA A 0 £
FETE # B DNA v 4 5 i & i AP e e Rk gk 5 Fipl2 DNA

FaBkAANEEFRER A N Sl fod b AFM SO DNA SR T ﬁbﬁ*‘a
% i * RCA iséﬁﬂsi#%i‘a (Dean et al., 2001) - Johne % Halami % « = % g
i MR FIATERE 87k 4 (Johne et al.,, 2006 ; Halami et al., 2008)

434-2 RCA*ME L F2 F*
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RCA ¥4 * RiE{7MEE Ppiikang (Target) A 7| » H 3 e 500
£ A8 - f& 5 R A  (Lincar-RCA) - ¥ - & B 5 45 #ic 4§ 5
(Exponenital-RCA) o fe 42453 + > 5d Zk DNA vl 3 4515 F age
£ LR EFREE T T W - DNAFEE 10°fold 1 b ot Ax R L ST
AFRAG N B A FUBRRE > RCA Py €53 & AT e i > 735
ERET - B ;2 RCA L7 f* i%%frim%ﬁéé & {6 BT Hip £
BORBPFTIRFMET L - M F3FF 4 2-D & 3-D 5 DNA etz 8y &

>

(Micro arrays) t 1/ 3 % i &5 45 &3¢ & Jh3 0+ (6 ifecinds B 7| % o 2R RCA £
SUFEREEFRES E R TNV SR ¥ LN § B S T
b E R AR E 2 oA o S8 RCA 2 6 0 frsl: RCA #7100 > £
R FIEN T RN TE TS S T R REh RS LF=F SIAT P
i 4p #ic RCA 7 ¥ 2575 ]k fhénd- DNA 2 myi;ig  H B AGE DNA 5 455 44a s 0L
g DNA + > ¢ DNA i & s & & S Tk Db s 2 47 R & prie (455 - 7
PAREF RS- b T bl P I RCA B &+ 2 1 plinse
R% DNA > & 3 R/e B G p %ﬁi%ﬂ“i# PERNCERIE R
PR E > B T ek W& rg_% L{E»ﬁ gw§§IEA 5

|

44 d & FIAERE #
441 4B - F % ¢z (Immunohistochemistry)

7 E'u"Lg-ig/zﬁ*L—#mﬁ"ng’l“‘\' é’ﬁﬁhg%?’??ﬁ‘ 5 R

3
WP PR T b - e £ F b fRlme & e LF G P R R fobull

g

Fh-feni & F oo Hplome e L5 F PHRFRDG e L2207
kplardih i RE S FUERRRTARDOEE o 2 EF - M R
i pad 2 & AR > R o f a3 PCV-2-GoCV % § 3F 4 1% )t 2z i
TR RS S 4 2 477 (Racine etal, 2004 ; Scott et al., 2006) - Abadie 11
* PCV2 2 hyperimmune serum % i {7 PICV &S g ez AR e FLd >

FIPICV{rPCV2 3 2 2 LR |23 P E 7| 0 2 & :Jf.f“»ﬂ Mz B F R (Abadie et
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al.,2001) > ¥ 3 p o 5 2k PICV &2 i¢ * i}?ﬁ—%— Fum ‘}7:‘3“ Nl ‘}F?‘J-‘}}%fr FLR > A&
21§ * ;2 (Duchatel et al., 2009) -

442 FEERL ARRKE (ELISA)

ELISA - A5 5 3 AFR 2 g Eofih il F & 7 UiRBIIE i
R MR LR p¥ 52 B ¥ o ELISA # P34 sh i * 2 fa
P T oA B TR )];34 2. b B Ar g 1 { &>t Immunoperoxidase
monolayer assay (Liu et al., 2004) » % 12 % it 2_ F-6 & £ H phytll » 5|7 3% 5 H g
thm vk L B R A S 2 P BT T AL e B R X 4 o Virus-ELISA
PR ES KRR RS A gy E Y 2T R g Wb & k2 PCV2
1+ (Nawagitgul et al., 2002) ¢ Indirect-ELISA,.J% RRCRFCEER TR TR R
Pl ok RIAE R A1 R ﬁé LR 4 2 anti-imimunoglobulin enzyme-conjugated
Ab ¥ 5 Fi i & ,;%:i g R };@i’r;; 1@;%’;&:}7; Py VB R AR TR
#~v 2_ indirect-ELISA = 3 (Liu et al ;-_','*Q04 i Nawagitgul et al., 2002 ; Cho et al.,
2006) - Daum % A % & &5 Pldl cap'[;ld pgotem e ”% BFHeEREAR TR
N-terminus f £ 6 x His-Tag# IFJ v I iE fﬂ#ﬁ‘if' His #mﬁ*" SR Y A e
& 1 E rCapPiCV-based indirect ELISA TR | Z?J 24 PCR P { B rr ¥ ioPiICV &
MEOR AT 0 4 T AN AE e AP B E o £ 1 L8 HEE 4 B

P& g 5~ ¥ R (Daum et al., 2009) -

$I18 BrpE LR R

FII o A H IS AL e 0 F AT S TR KT R L (2
EqF22BEa A radipd A8 7 R8d 238 B AR % 0 4%
%% ViR mA g A AT hF BT RGP RRBEIR RN B2 - o

& CAV L LR #AL? Bippd LY REFREL PR B4 BB G
Ll WARFPEL A S FA R EIFRY o FERw 4RI s B

(Vielitz & Voss,1994) ~ 1 it $k (Steenhuisen et al., 1994) » 2 # i & 1 fg HjiFie (7 2
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>R %2 334+ (Notebornetal., 1998) » ¥ i iE4c-Kid [T Hh & » “a"':'ﬁ;ﬁiﬁér_ 13~15
BREFARRM VRPN ART A BA BT 3~4 F AAR
Fao i@ﬁﬁ}@%v,‘ﬁ% M AL R T s }]3543- {74 %1 (Pages-Mante
etal., 1997)> 2 12 Baculovirus % 35 & VP1 2 VP2 A& F]#r @l iv2 & B =% % (Koch
etal., 1995) -

ﬂwﬁﬁ&%%iﬁ&?’ﬂﬁﬁjPMDV¢* 2R ERET B
H 4o PiCV~GoCV~DuCV # g B4 Emak o » Fligthpkopd B ooy g2 1
R R LR

PiCV i_«f;(:}?i']“i_i ﬁ%'ﬁiéigﬁgﬁ,gg—?ﬁ%& AT KBS FA gi:éé;pq 5
%’f&‘lff”ﬁ ‘Ib};ﬁ}%’ﬁhb)&i%’ﬂjg% );—}]?‘ai\‘}‘b_c Orﬁ‘/r',%@i%\';]’l\::};ﬁ—*

< H
SRR T N W § 4&%@4~5§:5@%5§%w51%£%%%

B P54 Y S S iRED A
#%%15ﬁw%»%5§”*m$ﬁgﬁ,$* S T RGN E R L 2
c sk ERBMZE ST n%@@% %fﬁﬁ?%ﬁ;ﬁ%ﬁa%ﬁ’ﬁ
ks it g e Pahe | AN - 0 B Bt o
%ﬁm%1ﬂ’*ipﬁfﬁig ﬂ13ﬁﬁm$%?w HE TR R
A E I doiigE g @‘iﬁﬁfHﬂn%ﬁffﬁﬁﬁﬂiﬁﬂkﬂﬁﬁ%ﬁ
BIE T s I mﬁg,ﬁ?wéﬁ%@ﬁwg’F@ﬁﬁ@a%ﬁ‘
WRADREE X E S
BAEEMEAF  URI LRI ST TPRETRBEETERE LR
AR e I R R A )@%ﬁﬁ)ﬁvﬁ—Lg"? it FAET > R/
MURE R LAFA G 4 b P EB ORI Aok § £ PBBF AR Rk g
FRAER EABR ORI IS N e B H iSRS ’%ﬁ%%pﬁiﬁﬁc

R R RN I PN Sy

i E A o,'_‘&‘% 4 %7' ,+0€,,é_gxﬁ;i:’;,9]§4ci +4a

—t«ﬁ

$2 8 BRBALAFRE

BRAESE AEL 5 - ERFITHR O wRA AF RS 1969 &0 P
1970 &3 B~ 1973 £ € R~ 1985 E4 £ 42 0317 i ki if? i
PCV2 =t * e &k AXB AL 3 8 PCV £+ B ehps Gt F7m a2 B 4o o i
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% 2006 & F F B ¥3% (US. Department of Agriculture, USDA) 44 > &7 f
PCVD Z 755 223% %5 5 31.1%  ®M 5 B arE— & PMWS e Fee
S 1997 & WA A0 PCV2 p6(4F 402006 & 3 £91% PCR % ;4% %

;k

\u’
44

¥ 3317 fEiE ?}%4’%&/?”?&]7080% X3 PCV2 4> ¥ ot %331

-

T REE SR '75* (PCMV ) ~PRRS virus > Tescho virus ~\HC/® & g Z 2. B % (3 &
2006) -

MR R 2009 EETOME RKEARMRBAEFF AL koY o
Py Zdkspa s SR ER F2EENERY 67 PEGENEIRM 20 2T
PCR #ip]> 75 GoCV & DuCV zZ B F A u i 586% £7 582%  pt % &
@7 AgFk R A 2 F TS Ap 0 (2% 2005) 0 ¥R A 2002-2005 E & i B
165 & gg8g4 > 22 B i 7 PBFDV f% r* CE B RBIEES S 412
% (FE > 2006) -

b sk R+ # 5 o Todd % vt | pRERS :ﬁ%aaf PR LT 845
d PCR ¥l &< & A > o % 16 ﬁn%r} T AT RO I2 BT
AT B E TR FEFLE > HBEE 3;:50_9%(38/47) (Fodd et al., 2006) - % 2009

3] 2010 # ¢ T LR e16 By iR —%% ”»_“!;_‘1‘44 ﬁ@ggg—* s A F] DNA > # ¢ % PCR
VTR E S B R RS EH Hﬁ" & 279, 8'% (83M04): @ i g+ R
FE 62.5% (25/40) > B S 75%(Zhang et al. ;2001 0 & ¢ @ 7 Jlehig 3 TR
;IJ‘}?&—%- BEFAAEP ¥ LEL 0BRSS 938% (15/16) » 48+ cnlE 5 5 569 %
(66/116) - Bt & fF (7204 7 4] (Csagolaetal, 2011) - @ Schmidt & & 3F £ ¥
FiE+ Hkopd R A awH Y e 32 90% 2 75 (Schmidt et al,, 2008)

2005 # Duchatel % % &5 & A7 FMp+ e 5k 64 L1 bt ]
110 2 2 L 3gena § vk 3 o Rk R RREF PCRfGRD e 3 8K &
HmApdgd kRN BL L2 BRI 2 F o ¥ b h 44 B 10-15 2 < i
+ ’«‘L’-’éﬁﬂ.éf'_f%‘ 2R S PCR&R G 5B LB EF & (Duchatel et al., 2005)° @
Soike & 4 %2 & 58+ chiarnd o BRI T BACELIL 3 BLEDIHGR RS A
e oAirred hEAE MR R E T PCR 2 G RIRB S R0 AR
¥ &4 FE & (Soike et al., 2001) ; ¥ % 2006 # Duchatel % 4 "$ T R20 £ B
P 4l PCRZU N 13 & B2 ¢ > 2 222 Baais? ZErdis 8B LRI
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B Bo¥ DIMATH (48) RFLEE (3/8) % (2/8) F (2/8) - (2/8) A
% (28) A FAEE PF AT FERFRBEF B MAHTRRRBS G TG
L3 BRI ABH L HE LRI LTS LN g R
IR o R EmE LEF arsd H ¥ (Duchatel et al., 2006) «

2

- & 24miE¥ (Young pigeon disease syndrome ; YPDS)

% 4 e iz ¥ (Young pigeon disease syndrome, YPDS)* £ %~ Young bird
sickness ” # ” Swollen gut syndrome ” > & - & % & ﬁr;%;—%fé > B Efz:}?aq B3
F g F]+ Ao 0 B Ti‘n'*—?—!«‘f,%?]m? o3& ER2-60B Y chEEig e I
P& 7 A R BLED| MR IRk e L_«‘r S EPMREOEFHERFLER
R OR s T BN R & H AT I TL B ER S T f AT F
A P ?f @&mﬁﬁmgﬁg’;ﬁ ;g«,_w% 4 ng}ﬁ;}i;}% SFEIE TS WA T
SRR T ER SRR A A RRHE \"é‘,-i.‘f?“““”’? WETE AR
SR A ?"’:ﬁ’)ﬁ?—f 2 F 20% - b fEp

<l
* wa%\xﬂ?/’z%ﬁ’fv-ﬁﬂ"ﬁ%i'ﬁ/\

Enul

M

Y

L

-

~ 3

-
%
TwR
g

2

;:Ff;:}?:,f}lj},b?ﬂ_,c%—i\i‘- 7

LT ) Eﬁt:}?@% VLA e 7}5_; “Adé,n_o coli-syndrome” - & % 2_ {8 e
SR TER DY SIS N Py e v PR e
2R BE P AR T ek HkGere ) 2 e B0 ¢ 88 (Raue et al,
2005 ; Scullion et al., 2007) -

YPDS #t it £ - B4F F1F A g > @ PICV ¥ iy £ pen- B LR FF » 5ok
MFEF LR EREHRT BT ERLAIHRY » &a @+ 26w 2 lES My
MR 2 o Schmidt & 4 e dp4i5 2 T 383 277 % 2 PICV ;b > T2 3F
A PICV & YPDS “riwcné ¢ » B A MARA LR AR @5 S H4E ABE R
4o ML R RO SR BTG RS RS €2
7 YPDS ¥ 227 H & PiCV g #%ﬁsb;f;%} L“‘«‘FG = YPDS % - 4f F]+ 2 B /,3‘5 v M
PICV n &8¢ - pF+ > FFHEe g L7+ A HE SR FARFLL 2
(Schmidt et al., 2008) o ¥ #} Duchatel % * 7 4F 7 475 * £ v 4 F € 5% YPDS
SRR R 0 2 LSBT BRH AR TS AP YPDS B Rl 2 g 5l

Z g 5 ¥ s YPDS o izs B
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Az YPDS s o 7 i AR FIES A AP 0 AR OREY 0 F 2 PR
Ak th o FIUBREE GG RS R EA A F YPDS hg 4 (Duchatel et al,
2010) - @ YPDS enfpk ik & 7= F AL HARE T LT BPFLE L -
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>
»

kg S 2

I
il

Fo 8 @R

11 43§

AEFLBARRGD S22 SV SRR RARE L FRLF2 U

FRZ PP F 2 A2 AR 2 TR R A o R Y wm

ETN

20U RR BT F%ﬁ’**"&w{w?% gpﬁg_};ﬁ#;ﬁﬁ*\‘ﬁ;; 2B G
85% ( 95% confidence, 0=0.05,%€=0.1)"" 5 fn:ﬁ ﬂ&}ﬁz;:}ae% 40 11+ 2 84 > R

IE"‘._AV\#'}\?%% AN /VIJ;‘L_,E##L

T\
- N
W
=
Ti\4
R

AR Ll E BTIRAS B SR D ¥

é?ﬂ%iﬁﬁﬁ%%@F%%ﬁ%ﬁ%ﬁ@%ﬁ%%&%%€%4&ﬂﬁw§

|
k. | - ) [N
BB 10 B2 s S A %g%@aﬁé%ﬁv&mﬁ,mmﬁ%m@%ﬁ
t ‘

o T

1
A A N | ||

é2010-2011&#—1%2&?rfz‘é.ﬁwvﬁ&\'ﬁﬁ%'ﬁ LB E S AR G O
RS 1T H s RBED 3H - PFIBR 3 ATA T 63 ¢ A Ly AR
53~ 0?3 10535 B4 ZHERTHEZ a BB 135 £3556 B4 -

ok PR TR E R BT 2 B TGRECP ARG LA R AT g 171 &
228 ART FH20E AR 10 L FFRT F830 & - fEw8 10 & 5 AT
AR FHETSE S RBAIS L T ERMFEROOL S0 FB 145 L R
955 AHBFH20 T2 THEFH 130 & R IEG 296 & - 4G 5T
G20 3MF440 & > BE R 793 B REFE IR F R A o

Vol A FAF R BRop Y vk 2009 2 2010 £ ATRE 2 LA
Ll w2 A 288 F o 2 RA T IR f R WL T HRA 103 2T
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o 23391 BIAGE TR o
12 #3 pith

fods dod AR B R RRTTE 4 L R LR RS
z i?{ifi"@f‘?%'ﬁﬁ s ;}7’,‘;@;% N ;fj? N ,;;zv;g\ u;w;g\ “?ﬁ‘%‘ N ;,',\?‘ N wg-l'g_ N B-T—F,%T& B

BRE e AL o T 4 Wt LA B g e géfﬁ,}g ) HHE R

13 R¥FE R 5L HE

LIS B R WE T @;4}},—/@ v’ :ua‘%’tx—t 2010252011 #FFp > 5 & b
CRARAELE VRS R S N %ﬁm%#5@%5é9%3£%%ﬂ7%’
BT A4S 2P A48 $T 1& m2%,+&1w%

B R IRE A ﬁﬁ”ftév\ ol LA tF B (order Psittaciformes) 2z 7. & Bg#g
(Melopsittacus undulatus) 10 & % v S (Agapornis roseicollis) 6 & ~ ¢35 p
(order Columbiformes) 2 %= #§ (Streptopelia tranquebarica) 46 & > @ A% ¥ P

v

(order Passeriformes) 5 #f3%A &£ 5 4§45 #& > A %] & S P (Zosterops japonicus)
111 & ~ < & (Lonchura punctulata) 34 & - v £ 5 (Pycnonotus sinensis) 83 & %

4 (Passer montanus) 20 & - (%P & B 310 & o
BEPBFHEH

PoAd 2L RpE e S PRI 28GR R332 8 B RS

HFFEPCRWRI G EBMEF o X &FEFMEINFE D FF %"k
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B R OFRE TRERE BT LR B PCRIGRIZ By P2 R

FEXLEER o FI 2 8B BRe S5 BNR T A g2 HFLFRE -
15 Ei#r2 ikl

A

Mg 2 RED S A LA RANEHRFIHEELE H > 2 ml 2
gelatin iﬁﬁ%i% RRFEPN PR RERHENTZE "/‘~i R i B 0 2R R S
FH o T 4 C kiRl o Gelatin @i 2 Wi G5 Frtek $4
Regdfetr iz Rteih %ﬁﬁ}ﬁ'ﬁwﬁf‘?'ﬁ@%%ﬁ%%%J 2_H T W

% e (PBS) 1L § = A#Ur > f& gelatin S g g0 3R 3 BRFFi » Fr gz

i 5 4e » $4 % penicillin (1 x710" Ug/L) ;tlreptomycin (200 mg/L) -~ gentamicin
(250 mg/L) ~ polymyxinB (2 x IOQIU/L) 5 G R A 2 el F2 o )

Bt 4T kil . |

ﬁ%%ﬁﬁﬁﬂiﬂﬁi%% %R

a—

ek P2 e Bop 11§ 300-500 mg E AT LY R T PR 2 (%
# 1% i f" 1§ 3% (ceramic spheres bead) (Roche, Germany)z 5 ¢ ¢ » ¥ 4c » 1 mL
TPB (Tryptose Phosphate Broth) (BD, France) » £ * » [# sk 3] e 535 [T (MagNA
Lyser System) (Roche, Germany)® » H#-# 88 P-i# Brfs > 12 4°C 7000 xg o 5 4

80 B i R 20C kR o
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£ %iﬁ&aﬁ%

i * DNAzol Reagent (Invitrogen, USA):& {7 DNA 2. 5B~ o H 4 Zrde™: L
FHAAREEFLEFEAFF LR ERFEHIOTRERIRLDS B
B"IOOHL "[;_u % 4e 1mLDNAZOl ,F,ui'""ISmL /{pt& Fé‘?/»hbijg lb v i

B 5-10 A 48150 4CT 10,000 xg #1044 B4 151 K 7 4 DNA

\—\M-

PR R A5 D ATEOMCR e 0 e 2 100% S 500 pL o R R A T

G)\a

BRI AR TR 344 1 4CT 10,000 xg #1540 - R i
ﬂiﬁ»lmﬂﬁ%fﬁﬁ%’%4tflmwng%u29ﬁ’%u%&§é%
oo g pRAE o £ R 2 EAHIE IO uL tip R B AL F P A TR
R A B R R R p IR 2 5 B &S Ak SO UL 1B B

DNA > & %5 *-20Cok 88 s o * o L!_.JF ; {49 PCR & JE2 #-# (template)
F2& REpRHER. |
3.151% (primer) 2 iE*

%4&%%%1ﬁm’%%?7ﬁ£W+’

1. % - %2 PCR * ;# %% Hattermann % (2002)2_ = j* » H 313 ¥ 5 74T :

Primer Sequence
cytB-s 5’-CCATCCAACATCTCAGCATGATGAAA-3’
cytB-as 5’-GCCCCTCAGAATGATATTTGTCCTCA-3’

Cytochrome B 513 ¥ * 12 id jp] Pigeon genome » FE#H A £ & 5 359 bp »
2. %= 2 PCR % %% Todd %(2006)z = ;2 » H3l 3 5 54T
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Primer Sequence

PiCV-VI-f 5’-GCATAAGGTGCCCGTGAAAGG-3’
PiCV-Vl1-r 5’-ATTCGCGGTCGCTCCGCT-3’

PICV-V1 315 1~2 %% v (Bl % chrep gene » SF 4 A4 & & 5 331bp -

#F Bokopa ORFCL % &2 5ty > 4 NCBI Primer-BLAST 2 33 > £ 5

F B AT

Primer Sequence
PiCV-Cl1-f 5’- TGACCGACCGGTACCCGCAT-3’

PiCV-Cl-r 5- CAT_TCGCCéACGé;CGGATCA-Z%’

PICV-C1 313 1 ~2 % rLf il < capsid gene AL RS 1148bp ©
h.ﬁ\h -~
| ﬂ.‘.— 5"- F

-i-.ll
%“*"5@\54&?‘%#%#_\% %ﬂ}l Sl

.i

-

1. Nested PCR = j 4% Halaml l$|(2008"5; ‘H/‘ ’ f—'?l—?‘ ¥ 5 74T

Primer Sequence G, &

Cv-s 5’-AGAGGTGGGTCTTCACNHTBAAYAA-3’
Cv-as 5’-AAGGCAGCCACCCRTARAARTCRTC-3’
Primer Sequence

Cn-s 5’-AGCAAGGAACCCCTCAYYTBCARGG-3’
Cn-as 5’-ACGATGACTTCNGTCTTSMARTCACG-3’

Cvil+ % Cn3l+ 12 i Nested broad-spectrum PCR > * 12§ jB| 7 ¢ fﬁéﬁﬁiﬂ%}ﬁa

4 efirepgene FEH A E AR S 350bp -
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3S2REpFFEHF & (PCR)

AiEE 2 PCR 2 F ¥ 5 20uL & #2% it 2. DNA template 2 uL > Taq DNA
Polymerase Mix RED (Ampliqon, Denmark) 10 uL > 10 mM/pL & = F & 5133 /% &

luL > % &= 4k opL o #-F B £395 15 > 3 » 02 mL e 4w

¥ 5 % PCR F J&i #7tk Veriti® 96-Well Thermal Cycler (Applied Biosystems, CA )
PRER R BREARS rT

83 ;ﬁ;&:@‘aizal; Cyt B-s ~ Cyt B-as:

PCR2 F Jkig®: 94 C 548 R EMmFI S HFNL 94°C-5TC~727TC

%30 ) 0 181740 BETR 0 4 T2 OIS A B LR R kiS4 Ca o

#F Bk pHE 2313 PICV-VIAL PICV-VI-r:

PCR 2. F s id: 94 °C2'A 45 El’lé%x'\r'ﬁ‘i/plL BEH 94 C45F)> 625 C -

1 24872 C~ 1 ~4aie ;45@%&,.-4!’,72(3 TR RE R RIE4TC R

L ‘ pI 1

WS gt 2315 PICV-CL-f ¥ PICVAGLr.)
PCR 2 F Jyif i 95°C >S5 Al # 0 S iar fSF 11 04°C 1 24> 66°C -
1448 72°C 1 A304&F40 BIgk: 272 C 5 AMERF B s 4T

T
33 kN R E&pFip 4 F & (Nested broad-spectrum PCR)

AEEBR D2 32 #7it > ¥ - ¥31 3% PCR F BB &RF B> L #4d
APy T5 2 ALK RE@EHF 2 DNABFEFF & -
%P5 iﬁﬁiﬁ;—k:@‘aiiﬁl—? Cv-s ~ Cv-as:

PCR Z F JLif:95 C o5 Ak > @ B EREN 1 4%¥1194 °C~304) 46 C -1
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Lk 72 C~ 1 A 4ie 45'1%11‘&,'172(: Sréadd R 64 CIi
* o

#EP EFHHKRBEE 2313 Cns» Cnas:

PCR 2 < igi2:95 C 5 m4m BB EpFET 5 8&F1194 C~304°56 C~ 1
Lk 72 C~ 1 A 4ie 4SII$V‘I§i"172C S smERE B Rfe4CaR

* o

3.4 o 5y pEsRY T 4 (Agarose gel electrophoresis)

B~ 1.5~2 g Agarose gel #3%& (Promega, Madison, WI, USA) 4c » 1x TAE buffer

(40mM Tris-acetate, ImM EDTA) (Amresco, Solon; OH) 100 ml - *x » it g » 4v 4t

™

41

TR rAE RS 15200 % PR EAPEH 60 C Lt vied
5% - BRRSFS B A uF R ;_.-I*TTAE buffer @ *» #-# 2z PCR A4 * 5
pl g g e~ 1.5% 2 B ph ;fﬁ,ﬁg ;Nib ¢ o e B4 100 bp & 1 kbp DNA
ladder Marker (Promega, Madison, WI, USA).5 ul sg 7 RARAE T F 100 REFT
X)) 30 A 4R 0 FR1S RN 6.5 prg/mL SYBR.Green ;3% ¢ » 3 T# XL

15048 M fE kP i34 10 A48 o B AR A RS K AL 254 nm i K 2 % ¢t

RTEERAY L] BRART e 0 B 1E R s = JEPG BN o

Fw & 533 REHEE (Multiply primed rolling-circle

amplification » RCA)

4.1 8+ %Fp# 2 Multiply primed RCA
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FI#* it PICV 231+ 3817 PCR F B R M2 38+ 48 > 46 2~ 1 uL DNA
BT H g2 o f1* TempliPhi 100 amplification kit (Amersham Biosciences, UK ) » 2%
> 0.6 mL iﬁ%iéﬁsﬁ ® o 4 » 7 exonuclease-protected random hexamers 2.
TempliPhi sample buffer 5 pL » £ % 95 C F2ip H° 4o 3 A 4aid 2 Bt > RS
WiE3c skt F 3 2R o &3 premix # 3 TempliPhi reaction buffer (p 7 B g %
dNTPs) 5 uL % TempliPhi enzyme mix (P Z ¢29 DNA R &% 7 50 %+ i 2.
exonuclease-protected random hexamers) 0.2 pL B>tk PR E3E3 > 2. 188 5 ulL
premix 4t » & A Arz Ao P K BEREINE AT 30 C T 16 B BF R
R LB R  BELIL6S C BI04 E ET Q2ODNA R L F

TE RG220 C ook GEY

42 83 B4 2 LA

1{' r

i

gd 553 R \fwa,ziw% P1CV§1‘7'B’~2uL’4n7\‘“# i 47 5 Not I 10
U vt 1 g 3 2 DNAzi#»o*“% P 2 NOUT &, PICV. » £ 2 FIAE M — 5 o -
PR € R RE S OBER - EA @lmPlcv }_EUW DNA - 2 1.5 % Agarose "} 48

EERALY R REAES NS 2kbp e
I & RCAMtg2 DNARAF 2 A~ 3 FRZ S

51 48+ Ik;k},%i 2. DNA & 4 it

B3 KR4 I RCA B 152 A 4 10 pLo T4 p 22 5 100 U 3f i B e 6

* 1.5% Agarose FREF R AL o RIT AL X 2B S 2kbp (60 w7 B
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RR P A P =8 7 T 0 11 Gel/PCR DNA Fragments Extraction Kit (Geneaid,
Taipei, Taiwan) & it & 238 {744 o 2B~ 5 300 mg 7 RCA "5 A& 4~ 2. %48 > %
» 1.5 mL pic® 3w g ¢ 34 ~ 500 uL DF buffer » % 525 # ¢ 12 60 C 10-15 »
S EFRME " ¥ P~ B DF Column ¥ *Mz a4 ] ¢+ » £ 42 800 mg i3
R A 4o~ B F 40 1 14,000 xg BEes 1 448 :lé’:—“% AR R e A
I T g ¢ o T4 » 400 uL W1 buffer * g g 417 > 00 14,000 xg oo 1 4 48

Bl epieF 2 /T‘ » 4v ~ 600 uL Wash buffer & § 1 4 4&¢ > £ 12 14,000 xg &< 1
REE S HR R Y g Pt TR AT o RS R 2 B S e S0l P
BE- S EAk o kR QA 11 14000 xg H 2 A ML Tz SR A

B T 2 DNA B 20°C HE o iEL S FE LY o

52 DNA#& & ie* (Ligation) £
‘ i <)
i' <
1A

#-t ki 2 DNA F 448 7 l 7 ot M ;. DNA & # 5uL> c » 1uL Taq
DNA Polymerase 10x reaction Buffcr (~ 2 Mng) (Viogene, USA ) ~ 2 mM dATP %
5 units Taq DNA Polymerase * feiz i 1‘§ wuI0 Coder 30 A48 0 @ DNA A 40 2.
PR EL ARG

#% @ * pGEM" -T Easy Vector kits (Promega, Wisconsin, USA) i& {71 7 1
Fo-DNA &2 1% o ig # &7 204 Ko4e » 2x T4 ligation buffer 5 ulL - pGEM®
-T Easy Vector (50ng) 1 uL > DNA A 2 ul > & {4 » T4 DNA ligase ( 3 Weiss

units/ul) 1 pl >t fcE &< *g P r ERS R EACRREE R RMA S S 10 ul o

%

%’_%’;4‘(: iT* 16 ,J‘Fg o

B EIB] B E

53 #efH2 @1 i®* (Transformation)
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# k en HIT™-JM109 %% iz % (competent cell) (Real Biotech Corporation,
Taiwan) B~3 3 ki bRk > e r SuL 2 B & F ASF 2w ? > 14y
BT FTER £330 5 2 (3% kY 20 A48 0 o0 DNA § T2k T lmve 4TS
A hE T A AR I me ] A VRER SRR R o 20 A4
fe B ki ¥ ok o g T#e20 B 2 42°C §zis ) 45~60 F548 0 i& {7 Heat-shock >
Rl zw k]t 2 A4 PR me FEA gD S mie RS I a R
RIS KT e o 20 DNA AR » fmfe N > 2 A7 o & AR (S himie 2R AR %
633 o F4e » E 8 2. LB broth 800 puL > & fd&i# 250 rpm 2 ~ 37 Cr A far %
1.5/ pF> 2 1% 4 °CT 8,000 xg &< 10 & 45 > f H-I0 4 by Fkis o 1T LB
broth #-pellet +4c#% * o £ A LB T4 % & %4 - & Ampicillin 50 pg/mL 20
WL~ — & 50 mg/mL X-gal 40 L5 & 100 MMLIPTG 40l 2 = if 41% &9 & e
=N ) g ) i m*%{}’t %\14“ fé% ' SOpL FiRo R A AH 37 C
FEiE 4 1A 16 B[P Pediv é’ H -,-,-E’aAmplcllhn P2 A% #ALI LB T
#32 % & (Ampicillin 50 ug/mL) T[E : fé_%}é%‘ ol |

RN |

5.4 48 DNA 2 a3

Btz LB BAALY PEE- HiER A 3ml 75 50 ug/mL Ampicillin
LB R A A B 37C BAERY BRFRA 16-18 | pFeB 1.5mL Fi
o B gL ¢ 14,000 xg s 1 A& B4 FiR o §T 9 100 Lt iR
£ pellet> #= F® 3 > 41| * High-Speed Plasmid Mini Kit (Geneaid, Taipei, Taiwan)
it 2 i o 4~ 200 uL PDI1 Buffer 4= F = 3 > 4 » 200 uL PD2 Buffer »
EEEHGGEENEE 2 A4 M PRee BRI E R REF £ 4 300 uL
PD3 Buffer» m 3 5% 10 {52 & 4 AP > 1 4°C14,000xg &~ 3 » 45>

¥¥p- % PD Column ¥ >t icfdpw | 41 o d#dgw bz b iFiser PD
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Column® - 2 4 °C14,000 xg &t~ 30 # > ﬂé's-“ﬁ% AP R R R AT T
foB# ¢ 240 £ 40~ 400 uL W1 Buffer > ** 4 °C 12 14,000 xg &t 30 4)
F) A BR {8 £ 4e » 600 uL Wash Buffer > 14 4 °C 14,000 xg #t-< 30 ) > ®H-B %
£ 4°C14,000 xg #e~ 3 445 0 BIR A AT /ﬁ"‘ﬁ%—i o TR EAF- & R
itz o Efster 50Ul e ]}‘] X AR TR 2 A4S 2 14,000 xg 3

NN 2 A\ﬁ_ ’ :]i 1 :é-%jli l;’l/"’/f,&p’(:é'_‘_ %’H,A\_. ’/E— 734;}:%_%&‘\_. s _Liﬁ L Z_ ’Fﬁ%‘g ) ‘%. "‘3" _2OOC ]/%]”:J" o
55 7 DNA 2 "UHIps > 2R

g d k20 B 0 1 0.8% Agarose gel T A A A5 0 5 A TAE 78 = # ) 1L ECORI
RFIpEZ a5 7 2 J‘ME?&{? 7 7 insert DNA2_ 7% - %] 5 EcoRI 'U41p% %
& pGEM" -T Easy Vector ! 7 /* =z L4 (Flgure 4) - \Ft 5 7 7 insert DNAZ 48
¥ 11 ECORI*» 1= 4k A % g » - ﬁ» ;.,-Hcv DNA PR ¥ - Ba st
e FERAN N <] B R 11';?“'1&1 T B % A 7 7 insert DNAR| 7 ¢
L3 DNAR B i L F ?fﬁ‘?‘& o Br— 15 mL7 MR Y o BB A A
Bj= = %4k 16 uL ~ 10x buffer2 uE § 4 DNA Ll ~ ECORT 10 U » % 37°C #2 7%

TR L PR R 12%2 3 e PSR R 7 R AT
Y28 RREBIIAELIFTVRZEFL
6.1 Pk FA 72 TR

LA R BT P AEOR G PN P (7 PCR A P e A B

23 2 5 #1 PCR A4 % it 188 & Perkin Elmer = # 2. ABI PRISMTM Cycle
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Sequencing Kit (# % ddATP ~ ddTTP ~ ddCTP %2 ddGTP } A %|{kF 2 f87 37 ¢

# % A4 Dye) » & 4v » - S PCR FR M enil F B F PR TAF - FIF B2
A F {84 » T B * 6% Polyacrylamide sequencing gel i& {7 % & > d 3t % f e Dye #
kg K AR €3 2 FAEAL > Fla v EF I DNA BF o T AR 24

# % Guanine » % ¢ % & Adenosine > iz ¢ % Thymidine - & ¢ * % Cytidine °
6.2 fd PrEA 2 A5

Pipk A 7105 EditSeq MR e Ll S AR T $E BB DL Y A
Lasergene package ( DNASTAR Inc,:Madison, WI)® & MegAlign programz_ Clustal
multiple alignment = 3% 31 & 5|8 Sequence distances 3= & B 7|4p i 2 Ap R | A
ve s 141 * MEGA version 500" 12 Nelghbor-Jomlng FNETEE 1000 £ 4516 19 5] &
& B2 bootstrap & » & H AL ek ] (B-Hyl'@gepetlc tree) & - &2 NCBI GenBank }

RS SCATECR TR S VAR L *T% m-}% ;'J‘ Access1on number 4- Table 1,2 o
¥ - & Riped (Insituhybridizations 1SH)

71 FEé2 9UH

PeiE 2wk B 5 B2 DNA # ~ > 41* PCR DIG probe synthesis kit
(Roche ,Germany) % it {7 DNA &8l o A F RAMA S 25 L > 4o »
10X PCR DIG labeling mix (p 7 100 uM dNTP) ~ 10X PCR buffer (p 7 MgCl, %
Enzyme mix) % %2~ K & PCR & & buffer ~ ANTP 2 Enzyme » £ 4c » i k&

313 V1/Cn primer 0.1 uM 2 Taq DNA polymerase 0.25 U R £323 > 2 {24 * 3-2
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“rif T PCRF > # &+ 22 fF# e Uthr 3 DIGe F = = (25 5l

PCRF A & 7L A~ 47> AT AF F17 7 DIG sefs~ A2 F -
72 hizfel 2 HEiv 2

P12 Silane coating (Micro slides Mute-Glass) /& 32 i 2. ey RiE
Xylene (Merck, Germany) 10 4 48 > 2 (¢ £ ¥ — 4o Xylene " 10 » 45 o w kK
(Rehydration) P|&_ix B3+ 100% JFpE ~ 90% JFpE ~ 70% JFpE ~ 50% IFpE ~ 30%
FpEY Bixe 1 A& e ki 8 g 2 PBS (0.14M NaCl, 0.0027M KCI, 0.0015M
KH,PO4, 0.008M Na,HPO4, pH 7.2) 7% .5 8-l ¥t 7 &4+ PBS 2 “,f fs > 11
Proteinase K (200 pg/mL) (Roche,Germany){%,E“.féfo%‘% TEFERF TR 20-30 &
482 {21 PBS /&2 o 30 % L rRE Pre hybr1d1zat10n buffer (50 % formamide, 0.9 M
NaCl, 0.02 M tris HCl 2 0:01 %SDSVF’%E{’ISH72) FEER Y BT 5TC 35
kg (s B TR 3-5 A AEoRe LA #’L’“ &J’ 4 'hybrldlzatlon buffer (50 % formamide, 0.9M
NaCl, 0.02 M tris HCL, 0.01% SDS. S 7 ﬁr% £ Sng/ul v * 100 C 4c gt 3-5 4
> 2 {SWEH I kY 3-5 /w\ﬁ_‘o #-Pre-hybridization buffer 2 % o E-g PR
Z 200 pL 7 #F 4+ 2 hybridization buffer &> 2 + Fg 7 » 3047 C &7 F i » (7%
8-10 /] FF o T % 2 {s L ¥ & B 12 4x SSC (I1x SSC # Z 50 mM NacCl, 15 mM sodium
citrate, pH 7.0) ~ 2x SSC ~ 1x SSC ~ 0.5x SSC ~ 0.01x SSC R jjie & 15 & 48 > 2 {2
&= TBS (0.1M tris HCL, 0.4 M NaCl, pH 7.5) » £ 2 blocking solution (100 mM
Maleic acid, 150 mM NaCl, pH 7.5) (Roche,Germany) % # st 5 30 4 48 - 12 TBS i
#id 0 # 100 puL 5 TBS #f# 200 % < Anti-Digoxigenin-AP Fab fragment
(Roche,Germany) B Egt 5 (s » FF EFHR, P I®H® 1 g o i7% =150 TBS jFix o
£ 4c » g9 Buffer T(0.1 M tris HCL 0.1 M NaCl, 0.05 M MgCly, pH 9.5) ##-f8 50

2. NBT/BCIP (Roche,Germany) % ¢ # % 4 » & 3 g T aRE I v k)b &
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o> 97 5-10 ~ 4o & & {512 T5% JFpE % 3 A > fe 3 1% Methyl green (Sigma,
U.S.A) %% % % counter stain > 7% PR %) 15 & &b o B {8 10 & 7= X 24 Kijix

RS FUPR ORI o RS R RS TR -
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<k

o=

Fo REpAHF BRRIESE
11 43 Bk d 2L B

BB T nE R 3 BB DNA 150 2 2 2 PICV 513 i 7 PCR %8> % -
f % 15l Cyt-B # 5 ) Pigeon genome » #7{7 2 4= & & % ¥ 359 bp (Figure 5) » %
= 2313 PiICV-V1 * 143 by i) ?5«% e1 ORF VI #0478 2 4= 0] %) 331 bp (Figure 6)
T3 B i 1R D] enu PR s 5.7);'.10'6 ng/ul e

20102011 i ¢ B ot 0 AL £ 1 56 B

PCR #ip|¥ & & 3+ 53!1%;‘%5”‘1‘%“ .-t- F—fm946%(53/56)

r’-r'
A FRER P2 %‘ﬁirﬂ*ﬁ&ﬂ% /! % TAE I R R By 106 & A&
9 20 & R4 11 &b rflm 3 i rrf;-w SENFTH LTS LR IET 44
g £32296 & BB L 186,80 Bt 5 628%(186/296) # ewefs—u%ge;a

Bl 8dcAh s v 2800 S RB G 758N A0 5 145 £ R B4 100 & ~ 550
RAS5 BRI 48 8 C 4R 20 B R G 6 & - B 130 £ BT 89
G0 #3440 & TR 318 & 0 HBIES 5 723 % (318/440) - 11 b A3 £ F 736
BRAREE S RBEF L 68.5% (504/736) - £ H RHL 2 R & B 8
F 4% 753 Table 3 o

A B R R AL AL T L4 R 87.3 % (48/55) ~ 4 F1 %k 83.3 % (25/30) ~ ¥
855 83.3% (75/90)2 B % Be® - B 5% 3 69.0% (100/145) ~ 2 +hik 68.5 %
(89/130) ~ = A4 % 744 62.0 % (106/171) ~ £+ 4 58.7 % (44/75)~ &7 55.0 %

(11/20) > & & #88 30.0 % (6/20)e0 (25 b i B B 5 b B e BT - 2 F

37



WEALHRAJRIED D63 T 2 H

R
gl
oS

i
m

A

%

~=h
=

FAMGRIEAE B LA A o4 R RS 22 BRBMG IS SR
B 10 2EBET SE-FHFI0EEHMET 28 - 379158 547 08
ST ERBML 22 8 B HF 5 38.6%Q22/57) 8P st R AT 68.2%
(1522)H i % 5% » H=x 5 KD 50 % (5/10) ~ ++ BB 20 % (2/10) » @ 37+ B4R
& ERIFIEEEAO/15) Hd S5 230485 § 28 RIS ATARE 1 35
BB R OE 2L RBPIEESHD ERTNT FABES L 733 %
(22/30) ~ AT & 68.2 % (15/22) ¥ FIRLF 41 125 5 90 % (9/10) ~ fE:41%
M55 20 % (2/10) 5 #7% BAF BB LS 5 80 % (8/10) ~ BB LS & 0(0/15) >
i%%%%ﬁﬁﬁiﬁﬁ%és’?hfﬂﬁiﬁﬁﬁnﬁmmﬁaTw*+¢
w,gwﬁﬂﬁﬁﬁwm%’%%L%M%gwﬁﬁwgﬂ%o

&#%9%*%%5*%%&#5#%%“% WES" - T A - kAR

>

P REE2258 0 F Plcvr:%ri1 E 89’0’%(20/25) » IS L 20.0 % (5/25) 5 iR
T TRk Rk e £ 271 & Hv r%}i % ,i‘61 3 9%(166/271) A1+ % 5 38.8%
(105/271) » & + = /»\Jf?if&«r?‘ﬁ%ﬁ‘ E%;P 2 fEjd = ﬁ@? » FEF A B (pvalue<0.05) -
LS q@ﬁr:&ﬂ%;? 83 & @ PICV B 1% % 85.5% (71/83) 0 1&
Mg i 145 % (12/83) 5 i 5 Tk Ak eheg+ £ 357 & » @ PICV B 5 5 692 %
(247/357) » 115 5 30.8 % (110/357) » 4 + = A 5dasriph p AR o B35 M
T F AR (pvalue<0.05) BRI k> A8 2 ¢ IRehF B G TR R A T E
¥ 5 843% (O1/108)  § TRk stk @ T IEIEE 5 157 % (17/108) 5 L § fefk sk @
EBHE S 658 % (413/628) » X TRA EM A RIS G 342 % (215/628) - o
REEES S AT iRk R o PICV RS 5 M B iekg ¥ Z £ (pvalue <0.01)
(Table 4) -

BTEES G P 2009 # 3] 2010 £ £ 2 EF2 RhopA A AR R HBE RS

31% (121/391) (Table 5) = =i & 3 ®e B e 5 4 FFH LB 3 % o 2 fpfion
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pC - LR RN LT R LR LR

»
LB UFYREFENS  ABAEA AR L BT AL J P Tl

4

R

RITHR G & L8 R RL RARI S R AR LT
12 R¥ELEBEWBRFFLBLS

RPFEREBEFZLETHFFIZEDNAK > 2 Cvil3+ %2 Cn5l3 iE {7 Nested
broad-spectrum PCR » # 14 i i 2 Fe 47 § 4 2 Bk s & SH ORF VI > #f 478 2
AP £ R X% 350 bp (Figure 7) °

g 2010-2011 # £ 3+ 2 & R4k o9 Feb 5 REcE P 18 ¥ - & Nested
broad-spectrum PCR # Bl¥ ¥ £ 2516 35 & I Iﬁa% Bz B8 59 5 k2
5125 88.9% (16/18) et :

| ', ]
AT R RS 810 B EE RS BEES R BF B LR B

| | M
M E&opwl b S EgA, P (order Ps1ttaTc formes) L fi A B8+ (Melopsittacus undulatus)

108 2568 BRI 60 %) ; e E F"-E, (Agapornis roseicollis) 6 & % 1
ME28 BEFL 333 %5 %’%4} f (order Columblformes) 2_ % #g (Streptopelia
tranquebarica) 46 & T H {2 20 & > BB F L 435 % @ fd E P (order
Passeriformes) & #5384 £ 5 w fa 5 8> » B & S Pt (Zosterops japonicus) ~ oo
% (Lonchura punctulata) ~ @ £ 35 (Pycnonotus sinensis)# i & (Passer montanus) °
He P 2R 111 £ 55 1028 BHEF5919% 3~ § 34 £ 54
2188 BB MHFE529%; v Ep A 83 R ME1TE s HBEF L 205%:; Jir &
20 8 BB A4S BIEFL20 % BB LHEL 169 & 0 BB F L 545 %
(169/310) (Table 6) ©

RiE e S B Bk op A B F R S F g 2 % B9 P (order

Psittaciformes) : B 227 50 % (8/16); #7,P 2. =B S 2 374 45 % (9/20) ~
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sP B 423% (11/26) ; # B P B AE2Z S shp 1 ST 2 RTa0 T 94 % (94/100) ~ B
29 77.8%(7/9)~ B R B: 50% (1/2) 32 & @ S44% % 37445 533 9% (8/15)

TR 471 % (8/17)~ B & Bt 100 % (2/2): 6 EEi5 i S R FTAF 233 9%
(7/30)~ % W5t 20.8 % (5/24)~ =@ 3 17.2%(5/29) ik @ s D & A% 10%

(1/10)~ 2% 3 30%(3/10) > d 27 & 28 5 SR Bkt BRF RS -
FoE BRpd L AT
21 Pipa B 32 AR A P2 48 LA

211 8+ Rkopd ORFV1 AH -
ﬁ g

AFE Y #5d 2 ke PiCV 5]1*’ {(-'(?'tB ﬁ’ PiCV-V1)it = PCR #p] 5 15 1+
2 DNA 4 15542 THh o 112 f%iJ/-EE’_ % \“Mu AR O RE ¢ MGt E 17
o J1* PiCV-V1 313 $H3i t§ ‘ﬂ;‘ib%’%‘ﬁ’iﬁ 5 HUPICV ORF V1 #2pa B 7 5 &2
GenBank 2. % F R e PiCV & #tia+. 14 ’b"k » 7 DNASTAR #4287 MegAlign
program 2 Clustal W &7 ;2 v 4t > 3500 2 i R 712 4p i 4E (identity) &2 4p B |2
(divergence)f 4+ ©

d BV S SR AT ¢ THRIEA 2 ORFVI BB 5] 3 £ 2 4p
TR A 5 958-100% > F SEAIRE PN g 1T HRRSATIRL S 5 Y BRI
HF A5 96.5-100 % o frd # B R PICV & #rik s 1440t > 7 FAp vty
A5 943-99.6% > @ AR R LT At 5 0.4-5.2 % (Figure 8A) o #-RFT 5 w5 i
I PICVORF V1 ? EF A 7@ F N A e 7~ 47 3 ORF VI 7 #&F 1 109

Rk - T P BF eG4 0 SRR A SR GUELE A 5 93.5-100 % 3 At 4
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¢ M2 RGE 17 tha BEPRORAR A FIAp I E A v 5 90.3-100 % 0 @ 22 GenBank
2. PICV & #pfroeflpe B s dpt > Hoeflpidp g » v 5 87.1-100 % (Figure
8B) - ¥] ORF V1 %ﬁzé@ﬁ%ﬁﬁlz@g BE &V A L2 2 W72 ORF VI

’f"'ﬁ’xi E‘&éﬁ’x HEREAZB K o
212 #3 RHp+ ORFCLAT

Pt DNA B P A ¢ 320968 7 R 758 17 $2 > 41* PiCV-Cl 313 &
T ORFCl 2 #itg > T A4 & & 5 X 1148 bp (Figure 9) - ¥ tg2 ¥ e & 71| ¥ &8
GenBank 2. % ¢ i e PICV % #4k = 14 k17 DNASTAR # %8¢ MegAlign
program Z_ Clustal W g™ 2 Ip #0 L PRs '5111 4B 0214 (identity)£2 4p £ |+
(divergence)F 4t o / Y'u‘

dﬁﬂ“ﬁ*%ﬁﬁ.“7ﬁjﬁH$NﬁMWH#mﬁw WL AR LT A

v s 82-100 % 0 H ¢ 2009 ﬁév\;“ﬁ J\,'If%),%j“ HRE Hi 2010 & E%A\%'B‘.E'Ji:},%i

BEIERS A 17%%%@&%23@;%1 1 a7 )| 4 pn;r} At % 90.6-100 % 0 4p B 1
BAWE092% #3nz ¥ *rsy L M AR L B 4 A AN
BT AT el s TR PICV A gkt ¥ (B ap g 2t 5 74.2-99.2 %
(Figure 10.A ) » o 974 3z p 4 bt v JIpF R Apis » P ik G R 4 2 KRR
Fo #-AFTF STHHF I PICV ORF C1 % B prfe B 5|48 30 s A FR 8 (7 A 4700 3t
ORF Cl # #3223 Brefhpe » ) TR g4 42 ORFCl "= e B 7| F £ H 4p
g At G 82.8-100 % 0 ¢t 17 $R 5 A BRI AR S AP 00 A vt 5 92.4-100
% > @ ¥ GenBank 2. PiCV #efl e B 7wt 4> HAp i | 0t 5 73.2-99.8 % » &t

B R& BV iE 373 % (Figure 10.B ) °
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213 #4% P 5 ﬁﬁiiﬁﬁ%:}?ﬁi ORF V1 # 7

*E Y G d Cvil+ 2 Cn5l+ ig {7 Nested broad-spectrum PCR # 8| 5 H |+
2. 169 Bk & & 7 TR {6 14 DNASTAR #0428 ¥ MegAlign program 2. Clustal W £
32 4 2 NCBIBLAST W $t5 %7 L9775 B8P 2 &% 5 PBFDV» @ #73
WP LA L PICV R EFER BHY GO AL AT S PICV o 4
s 3485 %52 ORF V1 & %15 7|4c PBFDV ~ PiCV ~ FiCV 2 RaCV-like 4p 2 > @ 12
B % PBFDV % & % (Table7) o

Hepb B R AR P PUiE 26 tRiE 7 ORF VI 2 e B 727 2/ » 2 ORF VI
o pc B 7 5 B 22 GenBank 2.7 F 5 fé_mlﬁ}k}{%i LBtk £ 54k > 12 DNASTAR i1
¢ MegAlign program 2. Clustal W e 3t » b8 L PR R A2 dp i
(identity)£2 4p 2 4 (divergeﬁce)’g’ A IQL:‘ \

d B v ¥ g B 26 ﬁm Fi-i%fé ‘P b %52 ORE VI ¥t B 748 1 ]
At G 61.2-100.0 % o H ¥R /v\r R I"m/2OA/ » Pm/209+ Pm/210 ~ Pm/953 ~ v 5
&4 34k Ps/1000 - Ps/1010.¥ 51 2 AR 4 30 » [p/232 « Lp/863 2 4 s 4 4
& Zj/109 ~ Zj/841 # 5 ApiT o #7}9 BT A S 0315-100 % > T W IR E h T 5
AP e s A3 T H B RRZ PICV & digkip 7 ~ v 5 92.2-96.6% ;
B2 5 A Hk Lp/861 ~ Lp/864 ~ Lp/894 ~ Lp/895 ~ v #f 35 4 #ttk Ps/143 ~ Ps/913 %
i P A BEER Zj/842~7j/845~Zj/846~Zj/851 B 5 FiTo B Ap b E 4 v 5 91.4-100
Y% DRI E RS b SN ¢ v 8~ A% @ & H 8 R PBFDV A
AR OO A v 5 91.4-96.7 % ;A & A 3tk Lp/258 2 Lp/259 # Ap i e | A v
5 100% > % Kp BEAFE > @2 FICV &~ it i BT H Ap e »~ 0 5 88.8
%;Ta2 & A 3tk Lp/897~ 6 FF &4 A ik Ps/1008 2 % P A 4tk Zi/855 B 5 Hif
Hippifty A 5 97.0-99.6% > 2 2 ix% % it S&Y ~ 5~ L% @ fr RaCV

A ERAR O FdRiT 0 T E A Ap i At 5 81.9-83.2 % o AT 7 47 tg 1 ORF
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VI PR R 7 R A 74 47 % > ORF VI 7 380 116 Boeikps -
2 GenBank 2 7 Fr § fE2 Tk 4 i pe A slAp vt g App R B o 5V i

66.2 % (Data not show) -

214 %40 L2 B k%4 ORFCL £ 7

W Al RS2 A BT L ROk ORF VI ¥ £ Y 48 5 e
e Iﬁ;kﬁr,—i APIT e AR 2] 1 0 ER ST A LR Ps/1010 ~ & Sipt & 3k Zj/841 ~ 1
v b A 3tk Lp/230 2 Lp/863 2 Jf % 4 ik Pm/207 » 1% PiCV Cl 2 313 $ti& 7
ORF Cl % g2 #ity v @3 A4 5 1148 bp e ¢ b i 7 07240 dph 2
GenBank ¥ 7 [ B 72 #8F I%\;P\- :)]%i b HEFRuI“DNASTAR # %8 ¢ MegAlign
program 2 Clustal W 1% 3% 1t 4§ Ny Pipe B 7| 248 4% (identity) 22 4p B 1%
(divergence) | 4 't o ¥ 5 &k ORF Cl i ;ﬂ’a' Bl dpl 2 "8 v 8 H 4n iy e AN
= 79.7-99.6 %o @ #-pt 5 FREE F f F %E%A\gﬁ%;}g WS AR R A v 5 79.7-100
%> B¢ g A Atk Pm/207 & 2ob9 i %ﬂa»gmﬂg 0 iE 100 % ; 2 s
thfr GenBank *® % I B R F—,%—r i%\,;{&,)];;* AR > T AR LT A
77.2%-99.6% » H 4p 024 F HB FE A & 40k (Figure 12.A) o skt § o0 15 o)
PiCV ORF C1 % f 47t B 7| 01 vie fh i ie 17 A 45 v 44 » ORF C1 ¥ #1223 B
ek B o 2 5 HREE P BAFA 32 ORF Cl =AM A 7| F Bl Apufe g A v 5
78.2-100 % > frut 7tk 5 AA BARIGAR S AP LI A 5 78.2-100 % 0 @ £
GenBank 2. PiCV "R B 7w 4> Hpporfr g At 5 764-100% > LR R &8 F

i# 29.1 % (Figure 12.B)

2.2 Bk i & AR B

43



221483 Iﬁ;{&)ﬁsi ORF V1 # 7

$-24 $hd TFAgL A 3RZ ¥ 2Rer g2 PICV ORF V1 # %] > 2 GenBank 2 7
L WA e B Iﬁi;l%ﬁrsfr ORF V1 A F* KB 7| ¥ 14 $k> ¢ * MEGA version 5.0
BTG R I R ALGADK B 0 4 Neighbor-joining = 23+ 5 1000 & £ 47
{63 & & 8Lz bootstrap & » BB FL TPEME PR AT RA G 3 BAL - H P
ST RGBS BIRA i 7 3 A LY 0 A BAgE S 2009 & 2 AR AT TR

L By A5 B L F (Figure 13) -

2.2.2 443 B4 ORF CLA 7]

Wi 24 ke WA gnz 072 -v'rr/»\@,a"; PiCV.'ORE C1 # 7] » ¥ GenBank

PR R RS Sz Rk R S \RF .C-i"f;s'rj B E#| % & * MEGA version 5.0
A SIS el TP T ’.L}-Neighbor-joining =23 E 1000 B £ 4

24

i, 1
| & & BL2_ bootstrap (& * I#ﬁ‘ifﬁ“ SR G ERT A A BAL T E ]

P-H

@
BLEe & FAFTT 2 9#%';»\%%2 TFRIRA A IR W & 45 2 ot PR A BtR e |
BRAEFE AR FUBLEE 2 AT 2 3HRFGEE | RE@AL SR & ¢
FH2HRERREFACEFARR - ZRASLBREARNASHPHRE 1 FMBLHF
FRAFTT L ARIELARE D UE VL IELRREEIRAREIRE 1R FIVE
AHE 5 RRY 2 5 FRRGAA Mtk 0 21 2 txY WA KR A X 1A dpgker R A

¥k & 1tk (Figure 14) o
223 # 4P KL B MBS ORFVL A7

#2060 thd FeFE R ABA B HEED EMAL Cv/Cn 3l + i 7 Nested
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broad—spectmmPCRiﬁ*&ﬂ:i%;}%:@i ORFV1 A7 i3 NCBI A FE ¥ 7 F &
85 K2 ko4 ORF VI & SHRAFI R KB 5] » & * MEGA version 5.0 {7 5
Bo v o a2 4 R ek B 0 4 Neighbor-joining = i35 % 1000 & £ 47 {4 19 3
% & 8L2 bootstrap & > RHF IV SPERPE PER T RALABAL > S35 F 1 B
AHFPICVRZZT PR TSER 2 5 0 P2 L4485

WIL B S Y v AN BB AEIFCV 58T ¢ 5 2
E R BEAR G FIMBAES RCV frd 5 3 HhESHBPR s> b 2 0 54

BA4RT ) FIVB A ¥ 5 fo PBFDV #5237 > #4571 10 k&4 s 53 ¢

5

S E > Bl R S, P e~ L3 (Figure 15) -

224 #E P BR2 Iﬁ;{k}ﬁiar ORFCl 2 7]
WA
Bt ) A 2 pa;f-tv;ii ,%ﬁ!fﬂﬁ;ﬁ%dﬁsi ORF VI % £ > j&¥ $3F 5
hireg+ Bk m 4 Ap TP R 5? i .I‘L '7 R f% Bk 2 GenBank * 7
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Figure 6. Polymerase chain reaction analysis of pigeon genome. Sequence of

Cytochrome B was amplified by primer pair cytB-s/cytB-as (Hattermann et al., 2002).

Lane 1: negative control ; Lane 2-7: positive samples of pigeon. M: 100 bp DNA ladder

marker. 359 bp target PCR products are present.
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Figure 7. Polymerase chain reaction gnglysis-,'”g_)f pigeon circovirus (PiCV) ORF V1.
Sequence of PiCV was amplified-by primer paig,PiCV-VI-F/PiCV-VI-R (Todd et al.,
2006). Lane 1-6: positive samples of plgeons Lane7: negatlve control. M: 100 bp DNA
ladder marker. 331 bp target PCR products arq present

1234 567 | 23 45 6 7

. . -

Figure 8. Nested broad-spectrum PCR analysis of bird circovirus ORF V1. Sequence

1000 bp

500 bp

of bird circovirus was amplified by primer pairs Cv-s/Cv-as and Cn-s/Cn-as (Halami et
al., 2008). (A). PCR reactions were carried out in 46°C annealing temperature; (B). PCR
reactions were carried out in 56°C annealing temperature. Land 1-7: positive samples of

birds. M: 100 bp DNA ladder marker. 350 bp target PCR products are present.
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Figure 9.A. Nucleotide sequenees identity and divergence (%)-0f the ORF V1 genes of PiCV.
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Figure 9.B. Amino acid sequences identity and divergence (%) of the ORF V1 genes of PiCV.
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Figure 10. Polymerase chain reactionsanalysisyef pigeon circovirus (PiCV) ORF CI.
Sequence of PiCV was amplified by primer pair PiCV-C1-F/PiCV-CI1-R. Lane 1-2:
positive samples of pigeons ; Lane 3 yégativéi; cﬁhtrol. M:100 bp DNA ladder marker.
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Figure 11.B. Amino acid sequences identity and divergence (%) of the ORF C1 genes of PiCV.
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Figure 13.A. Nucleotide sequences identity and divergence (%) of the ORF C1 genes

of circovirus of the order Passeriformes which were closely related to PiCV in wild

pigeons.
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Figure 13.B. Amino acid sequences identity.'and divergence (%) of the ORF C1 genes
of circovirus of the order Passeriformes®which were closely related to PiCV in wild

pigeons.
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Figure 14. Phylogenetic relationship of the ORF V1 genes of PiCV. The tree was
constructed by Neighbor-joining method with bootstrap of 1,000 replicates.
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Figure 15. Phylogenetic relationship of the ORF C1 genes of PiICV. Analysis was
based on nucleotides 1166-1826 of the ORF C1 genes. The tree was constructed by
Neighbor-joining method with bootstrap of 1,000 replicates.
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Figure 16. Phylogenetic relationship of the ORF V1 genes of circovirus of the order

Passeriformes. The tree was constructed by Neighbor-joining method with bootstrap of

1,000 replicates.
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Figure 17. Phylogenetic relationship of the ORF C1 genes of circovirus of the order
Passeriformes which were closely related to PiCV in wild pigeons. The tree was

constructed by Neighbor-joining method with bootstrap of 1,000 replicates.
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Figure 18.  PCR detection of the pigeon cirucovirus (PiCV) in the various tissues and
organs of a clinical ill adult pigeon with neurological syndrome. PCR analysis of PiCV
ORF V1 by primer pair PiICV-V1-F/PiCV-V I-R (Todd et al., 2006). Lane 1: pharyngeal
swab; lane 2: blood; lane 3: serum; lane;4: brain; lane 5: trachea; lane 6: lung; lane 7:
crop; lane 8: gizzard; lane 9: livet; lane.10: kldney, Lane 11: intestine; lane 12: cloacal
swab; lane 13: negative control lane 14: positive control M: 100 bp DNA ladder

marker. b m ,/"\
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Figure 19. Nested broad-spectrum PCR detection of the avian circovirus in the various
tissues and organs of two clinically healthy Zosterops japonicas (case a and b). Nested
broad-spectrum PCR analysis of circovirus ORF V1 by primer pair Cv-s/Cv-as and
Cn-s/Cn-as (Halami et al., 2008). Lane 1: negative control; lane 2: cloacal swab (a);
lane 3: cloacal swab (b); lane 4: blood (a); lane 5: brain (a); lane 6: heart (a); lane 7:
lung (a); lane 8: liver (a); lane 9: crop (a); lane 10: intestine (a); lane 11: kidney (a);
lane 12: blood (b); lane 13: brain (b); lane 14: heart (b) ; lane 15: trachea (b) ; lane 16:
lung (b); lane 17: liver (b); lane 18: spleen (b) ; lane 19: crop (b) ; lane 20: intestine ;
lane 21: kidney (b) ; lane 22: positive control. M: 100 bp DNA ladder marker.
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Figure 20. Electrophres1s results of DIG- labelrng PCR for PiCV-V1 and Cn probe.
Lane 1-2: Unlabeled PiCV- Vl PCR [f)’r_(;dpcts '.'fﬁl“ ne 3 4 DIG labeling PICV-V1 PCR
products, the labeled PCR products Tr re@er‘nt an the unlabled products in lane 1 and
lane 2 (331 bp) ; lane 5-6: Unlabeled n PQB products’; lane 7-8: DIG-labeled Cn PCR
products, the labeled PCR products re larger tl‘a the unlabled products in lane 5 and
lane 6 (350 bp). M: 100 bp DNA ladd r marker. '

b

69



F #I'#!'b i

- D. ‘_‘_k*':-";*;*}:_ £
g S 2

Figure 21. In situ hybridization for pigeon circovirus (PiCV) DNA in tissues from an
adult pigeon with neurological syndrome. A, B: liver. A cluster of positive cells that
appeared to be degenerate hepatocytes. C-F: kidney. Numerous positive cells in the

interstitium. G, H: lung. Positive cells were present in the epithelium tissue.
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Figure 22. In situ hybridization-for eircovirus, DNA™in tissues from a healthy adult

Zosterops japonicus . A, B liver,
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Figure 23. PCR products of the complete circular ssDNA genomes of PiCVs obtained
after multiply primed rolling-circle amplification of PiCV and subsequent digestion
using Not 1. Lane 1 : Successfully digested by Not I and a band with a length of
approximately 2 kb was visible. Lane 2: Unsuccessfully digested by Not I . M: 100 bp
DNA ladder marker.
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Figure 24. Amphﬁcatlon of PiCV from colomes were cleaved with ECoORI to confirm
cloning with the correet insert size. (4 )ﬁc@shﬁully cloning and digested by EcoRI.
Two bands with a length of applr x1m¢tely &'kb (PiCV) and another length of
approximately 3 kb ( pGEM” -T Eaf Vector) wasl visible. (B) Unsuccessfully cloning
and only a length of approx1mateyh 3 kb.( pJEEM “T. Easy Vector). M: 100 bp
DNAladder marker. '
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Table 1. Summarized information of 14 pigeon circoviruses (PiCVs) used for the

sequence comparison in this study.

PiCV isolate =~ Accession no. Country of origin Reference (Year)
NI 7050 AJ298230 UK Todd et al. (2001)
NI 9030 AJ298229 UK Todd et al. (2001)
Ger 1 AF252610 Germany Mankertz et al. (2000)
Bel 936 DQ915956 Belgium Todd et al. (2002)
Bel 18 DQ915957 Belgium Todd et al. (2002)
Bel 20 DQ915958 Belgium Todd et al. (2002)
Fra A4042 DQ915960 France Abadie et al. (2001)
Ita 4B DQ915950 Italy*™ Franciosini et al. (2005)
US 93A DQ915961 USA Not available
US 002180 DQ9I1 5962 USA Not available
SRK/US/01 EU8401%76 ‘,EjSA | Not available
Chi 71 DQ090945 China None available
Chi zj2 DQ090944 China | | None available
Dove DQ915959 Australia Raidal and Riddoch (1997)

Table 2. Summarized information of circovirus of different bird species used for

sequence comparison in this study.

Virus* Accession no. Country of origin Reference (Year)
PBFDV AF080560 Australia Bassami et al. (1998)
FiCV DQ845075 UK Todd et al. (2007)
RaCV DQ146997 Australia Stewart et al. (2006)

* PBFDV= Psittacine Beak and Feather Disease Virus;
FiCV= Finch Circovirus;

RaCV= Raven Circovirus.
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Table 3. Pigeon circovirus (PiCV) PCR-positive rate in racing and breeder pigeons in

northern and central Taiwan.

City and Positive rate of  Positive rate of ~ Positive rate of ~ Positive rate of
County lofts racing breeder pigeons total pigeons
pigeons

Taipei City  17/17 (100 %)  106/171 (62 %)  15/22 (68.2%) 121/193 (62.7 %)

and New

Taipei City

Keelung 2/3 (66.7 %) 11/201(55 %) 5/10 (50 %) 16/30 (53.3 %)
Taoyuan 3/3 (100 %) 25/30'(83.3%) - 2/101(20%) 27/40 (67.5 %)
Hsinchu 5/6 (83.3.%y7, 44175 (58.7 %) 0/15:(0%) 44/90 (48.9 %)
Miaoli 5/5(100%) | 75/90 (83':‘3;@ 75/90 (83.3 %)
Taichung 9/10 (90 %) 100/*‘1%15 (éi@_%) | 100/145 (68.9 %)
Changhua 4/4 (100 %), ¥ 48/55. (87.3:%) | ¢ 48/55 (87.3 %)
Nantou 1/1 (100 %) 6/2030%) 6/20 (30 %)
Yunlin 7/7 (100 %) 89/130 (68.5 %) 89/130 (68.5 %)
Total 53/56 (94.6 %) 504/736 (68.5 %) 22/57 (38.6 %)  526/793 (66.3 %)
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Table 4. Pigeon circovirus (PiCV) PCR-positive rate in racing pigeons with/without

clinical signs in northern and central Taiwan.

Healthy status of ~ PiCV positive rate in ~ PiCV positive rate Total PiCV

pigeons northern area in central area positive rate
Normal 166/271 247/357 413/628
(61.3 %) (69.2 %) (65.8 %)
[lness* 20/25 71/83 91/108
(80 %) (85.5 %) (84.3 %)
Total 186/296 318/440 504/736
(62.8 %) (72.3 %) (68.5 %)

*Clinical signs included anorexia, weight loss, diarrhea and poor race performance.

Table 5. Pigeon circovirus (PiCV) PCR=positive tate in wild pigeons in Taiwan.

S
| &
Areas 20 | | Positive rate of wild pigeons
North area 32:2 % (94/292)
Central area 30.8 % (8/26)
South area 24 % (6/25)
East area 27.1 % (13/48)
Total 31 % (121/391)
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Table 6. Circovirus PCR-positive rate of different bird species in this study.

Order Species Positive rate of birds
Psittaciformes Melopsittacus undulatus 6/10 (60 %)
Agapornis roseicollis 2/3 (33.3 %)
Columbiformes Streptopelia tranquebarica 20/46 (43.5 %)
Passeriformes Zosterops japonicus 102/111 (91.9 %)

Lonchura punctulata
Pycnonotus,sinensis

Passer montanus

18/34 (52.9 %)
17/83 (20.5 %)

4/20 (20 %)

Total

V —
j—

169/310 (54.5 %)

—

e
1"

|

Table 7. All circovirus PCR-positive samples of ‘different bird species in this study

were sequenced of ORF V1 and compared “with other members of the family

Circoviridae.

No. of positive samples

Different orders of samples PBFDV PiCV FiCV RaCV-like

Order Psittaciformes 8

Order Columbiformes 20

Order Passeriformes
Zosterops japonicus 61 40 1
Lonchura punctulata 9 6 2 1
Pycnonotus sinensis 6 10 1

Passer montanus 4
Total 84 80 2 3
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