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Abstract ; In order to establish and improve the standard strain library of avian adenovirus ( FAdV) , primers were

designed for Fiber and Hexon sequences of different species of FAdV. PCR amplification and genetic evolution
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analysis were performed on 12 representative strains of FAdV serotypes stored in China Institute of Veterinary Drug

Control, and genotype and identification were completed. Combined with the characteristics of the enzyme

cleavage sites on the Hexon sequence of different serotypes, the cross contamination between different serotypes of

the same virus strain was verified by enzyme cleavage method. In summary, 12 serotypes of FAdAV were

systematically classified and identified by genetic evolution analysis and enzyme digestion method. The genetic

background, serotype information and purity of FAdV serotypes were clarified, and a systematic and complete

library of representative strains of FAdV was established, which laid a material foundation for the identification of

FAdV and the development and evaluation of related biological products.
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(HHS) ° 77 Sm W 4R 18 7 i % 4 A9 1 B
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A H BRI REEE, RIFSEE
X FAAV [ F A Hexon F1 Fiber 551311514,
12 PCR 9™ 8 FLs AL 4k 73 A, X 12 DBk AT
SER RN e PGS A TR — R A [ I B
Hexon J381] I BEYIAL & 0FRAE 38 2o FR 1 14 U1 il
PEAT R, 45 B W] 6 Bl U0 1 B, A [l — b N R
[Fi 1ML 975 78 1) 9 75 B R PR A5 Al iF — 2P 5 12

AN IME BRI
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1.1 F#AK A FADV B 12 A7 B 3 vk
o [ B 24 M % T ] 5K IR A ) T R R
FH LR AE, Axy Prep /K% B DNA/RNA
NI R & AR T A mEFEARAR, i
TG B B e DNA ISR & 1T AL | bt |
By EYHARA AT, TOP10 BAZ A 40 | 5T
/N R R B (B RS I R AR A 1k R
(dbm) FRZAR . LB 3iE LB WA A kst h
A W B H A BR 2 F]; pESAY — Blunt Simple
Cliong Vector I F db it 2 X &AW H AR AR A
A, Acc65 1 Hpa - 1 BsaB1 AlwN I  Sacll
BRI DI B NEB (dbat) A RRA R, KOD
FX Neo W A ZRVEYs ( L) AW BHECA R A H]
2 x Taq PCR Master Mix W4 [ 1t 5% 1 %5 78 A 4§
RAERAH,

1.2 5l4ixit 54 K  H4E GenBank I FAAV A
[FIRIY 22 3 bk (3R 1) I8 Bt 5 19, 1T AR
[F] &l FAAV 9 Hexon BEPIAN Fiber B:A 41K B, 5
PG R HIE 2 A 3, Il ARG
PRI B R A

1.3 FAdV Hexon 3t K Fn Fiber 3 B #y PCR 4" 3
fd ] DNA £ B0 & 20 ) 92 3 12 A4 1 7% 28 7
DNA, DALMY DNA AR, B X5 Fiber 51494 14
JIA B bk, Hexon 5904 X 0 F (9 8 F . PCR
NAKZ R B RS 4045 3 wl, KOD FX Neo 1 pl,
KOD FX Neo buffer 25 pL,dNTP 10 wL,ddH,0 9 uL,
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Tab 1 Information of 12 serotypes of reference

strains of FAdVs

NGl Rk GenBank #i%5  HUHE
Fowl adenovirus 1 (CELO) U46933 FAdV -1
Fowl adenovirus 2 (SR48) KT862806 FAdV -2
Fowl adenovirus 3 (SR49) KT862807 FAdV -3
Fowl adenovirus 4 (KR5) HE608152. 1 FAdV -4
Fowl adenovirus 5 ( TR22 - CK8) AF508953. 1 FAdV -5
Fowl adenovirus 6 (CR119) KT862808 FAdV -6
Fowl adenovirus 7 ( YR36) KT862809 FAdV -7
Fowl adenovirus 8a (TR -59) KT862810 FAdV -8a
Fowl adenovirus 8b (764) KT862811 FAdV -8b
Fowl adenovirus 9 (A -2A) AF083975 FAdV -9
Fowl adenovirus 10 (C2B) KT717889 FAdV -10
Fowl adenovirus 11 (380) KT862812 FAdV - 11

PCR B 254K 94 CHAEME: 2 min,98 °C 15 s,
k30 5,68 °C #2000 bp/min I Ht 35 ANFIR,
68 CHEAH 10 min,4 CLRAF, A A5 B BH PR X B
P HE W) 2E 1% SRR WEEE R FEL UK 5 18 FH G IR )
&t J i BT ik,

1.4 FAdV Hexon 3t [ #u Fiber 2 A 7 7|l & &
w2 AT M B — 2513 W FAAV Hexon
FEAF Fiber KK 4K Be iy PCR 7™ 4 2% 46 52
NAERRIEHE B A R AW F, I DNA
STAR A% )5 51 i A7 3t 1 it A 20 7 o % o A
BT 5 5 2 25 B bk T 51 AT IR R L g R
G o

K2 X FAAV AEF Hexon &K ERY ERESIWFET

Tab 2 Primer sequences required for amplification of Hexon full —length genes of different FAdVs

LU NPT LY/ B N 519573 H A B /bp Bk C JIIRCRI
A % FAdV AF 5, - /\\(‘}(‘;CTCT:(J‘A\TTCA‘(JG(,(ZC‘ -3 , 3390 57 1
FAdV AR 5’ — GCGAACCCGATCCAGTGC -3
B FAdV BF 5 ’ - LCALCA(JA(‘:GLACLAACA -3 311 57 5
FAdV BR 5’ — TCCGAACGGGTCGAACAT -3’
C % FAdV CF 5 - GA(\;ATGGTGA‘C(I(,AG(JT(t -3 3139 56,1 4.10
FAdV CR 5’ — AAGCGGTGACGAGGATGC -3’
D FAdV CF 5, - (;A(;AT(;(;T(tAL(y(,A(,GTCi -3 ’ 3286 s5 2.3.9. 11
FAdV DR 5’ = TTGGGATCGAGGAACCCG -3
FAdV EF 5’ — GCGAAGAGGAGACGAAAGC -3’
piA| 3 :
k FAdV ER 5’ — CGAACACGCCCAAGAACC -3’ 185 37 6,7, 8a, 8b
#x3 3 FAAV RET Fiber & KE R EHRES M55
Tab 3 Primer sequences required for amplification of Fiber full —length genes of different FAdVs
AL ENEEUEIEY B4 51751 Hi R B K /bp B KEE/C JiiiREEiA
FAAV AflF 5’ —=TGGTGGAATCTCGGAACG -3’ 2415 574
FAAV AfIR 5’ — GTGGGAGCGGCTACTTGG -3’ (Fiberl) '
A #l 1
FAAV ARF 5’ — CGATCCCAATGCCTCCTC -3’ 1516 549
FAAV ARR 5’ —=TGATGTTGATTTGGACACG -3’ (Fiber2) ’
B % FAdV BfF 5, - ({[‘A(“(;\LASJVCC%GA:AL{\(,E"—3 ’ 1863 55 5
FAdV BfR 5’ — TCAAGCACGAGAACAGACC -3
FAdV C4f1F 5’ —TCTAAACTTGCGTCTCAACC -3’ 1516 559
FAdV C4f1R 5’ —GCCACGTAATCGAAAGGA -3’ (Fiberl) '
CHl 4,10
FAdV CfF 5’ — GCAGACTTCCGGCTCCAA -3’ 1640 577
FAdV CfR 5’ — GGACGCGGGAACAAAGGA -3’ (Fiber2) '
FAdV DfF 5’ —TCATTATTACCCGTTCGC -3’
piA| .
D FAdV DfR 5’ = CGTGGTTCGTGGAGGCTG -3° 1902 2.7 2,3,9,1
FAdV EfF 5’ - GTTCCCGCCTCGTTATTG -3’
E # 1840 53.5 6,7, 8a, 8b

FAdV EfR

5’ = AGTGGGACAGACTGATGG -3’
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1.5 Hexon ZXH W B X2 MT %3 I Fiber
A 51 Wy BA T oRe SR, B DRI @ X Fiber K&
K %) PCR 438 | AT 52 0T B ik Aol 1) 53 0 0 o2 b
A atidets St I 1 A (A Bl R S A (B
i) FERR AR S e AN A P %, il PCR J7 i
577155 Hexon FEPR 2K AT 5, T E
F— RN R EAATEFFOR R ME RS g, ¥ 1.3

H & FEkk Hexon JE Y PCR =Wy EAT e 11 Wie , 4ol
FHASIR] A BRI A YIRS C D E B AN [] 1L 77 284
AT AL (K 4) , EHL Acc65 T 508 C4 5 C10, %
HUHpa 1 5 BsaB 1 23 % D2 D3, D9, D11, % HX
AlwN T F1 Sac T 43 % £6 \E7 E8a E8b, WiPI{k &
BRI 4 20 L, BRI HE N TR 1 L, 10 x
NEB Buffer 5 pL,H,0 24 uL.,

&4 Xt FAAV #HITHS ST AR M N UIERE R

Tab 4 Information of restriction enzyme used for purity analysis of FAdVs

Py 135 7 fiff 1 28 DI Ja B BeR /N fiff 2 2 fEv) s R BRI
4 1505 ,935,700
‘ 10 AectS 1 2439 ,700 / /
2 2332555 ,400
BsaB 1 3286
1 331,555,401 2717,571
D Hpa 1
3 3299
/ /
9 1159,2136
6 3189 / ,
7 932,1238,1021
E AlwN 1 Sucll 273,2918
8a 939,1232,1021 277 ,2368 ,547
8b 2162,1024 y ,
2 ZEREHR 1R B R /IN— 0 36 I R B, B PR 6 BE JE e S

2.1 HUWHE Hexon #9 PCR ¥ #  F| AR LG %
TTHY Hexon FERIFN Fiber F& R R s S EG 14 (52 2,
F3) X 12 A MMLTE R FADV F 8k Hexon F1 Fiber
FE[R ORF 4= K47 PCR ¥4 | 435145 21 5 i) H

P SR ULE 1 FE 2, 1 Fiber Fo A A Y 5
Y HE 4 TR PR, 25 SR B | UE IH 4% 35 ik G HoAth
Rl #E 75 4, H 3£ 3 WY Fiber 51 9 B A3 Fh 4%
SPE,

7 8 9 10 11 12 13

M. DL5000 DNA Marker; 1: Al — Hexon; 2: B5 — Hexon; 3: C4 — Hexon; 4: C10 — Hexon; 5; D2 — Hexon; 6; D3 — Hexon;

7: D9 —Hexon; 8: DI1 — Hexon; 9: E6 — Hexon; 10: E7 — Hexon; 11 E8a — Hexon; 12: E8b — Hexon; 13: Negative control
E 1 FAdV Hexon EFE PCR 5% R
Fig1 PCR amplification results of FAdAV Hexon gene
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9 10 11 12 13 14 15

M. DL5000 DNA Marker; 1: Al — Fiberl; 2. Al — Fiber2; 3. D2 — Fiber; 4. D3 — Fiber;5: C4 — Fiberl ;

6: C4 — Fiber2; 7: B5S — Fiber; 8: E6 — Fiber; 9: E7 — Fiber; 10; E8a — Fiber;

11: E8b — Fiber; 12: D9 — Fiber; 13. C10 — Fiberl; 14 10 - Fiber2; 15: D11 — Fiber
B2 FAdV Fiber £F PCR #1545 R
Fig 2 PCR amplification results of FAdV Fiber gene

2.2 [ k& # Fiber 89 3% % 3 b A7 Fiber
(Fiber2) 3£H ORF 2 W% H 1R 7 51 438 (K 3,
K 4) is, Al D2 D3 D11 E8a E8b AN FHk S
AHN; 27 B Ak 1 [A] J5 M 5 38 100% , E6 E7 D9 =
AFEE S AN 25 R0 AR MK 99. 9% ,C4 #
PR S AR S5 8RR R 99. 3% , BS Btk S
HHN 27 BERR I R R 95. 8% , C10 B ik AH 1
SHTEMROFRIEYE R 99. 1% , [F] I, [ Fh 25 #k 8]
C4 M1 C10 [FEME S, 96.9% ,D3 Al D11 [8] P51
AR, N 72.5% o TS [ Fiag ok 1] 26 B R AL A Y )
JEPE, Hodh A1 5 E7 E8a E8b Z Ja] [ Ef ik,
4.9% , HRHE Fiber 5|4 0 55 52 M 9 8 45 5L, mT %
Al FI BS BUFERRHEA T3 RIS SE

2.3 AT E M E Hexon 3L H 3% £ 3t A Kt
Hexon 3K ORF 4K () PCR 7= ¥y gk 470 )¢, I ]
DNA STAR #7500 (5 K 6) . AR R,
C10.D2 D3 .D11 E8a E8b /NA##k FAAV 2%
BERRAGIRIEYE B3k 100% , AR R S S % Hh2
Ti] B [ VR 7E 99. 1% 511 99. 9% 2 i, BS 55% 7
Pk 340 BRI [RITE A X ALK, 0 77. 3%, [RI, [A)
— P&k D2 A1 D11 RR M A, M 99. 1%,
D2 5 D3 ¢ D11 [ HRAK, - 80. 4% ., MiiAS[F]
T Bk 1] 2 B A I 19 [ , Hoh BS 5 €4 [R]J
PEIAR, 2 71, 4% , 5 H A 1003 B3 AR 19 [a) YRV 0

TN 76.6% .

2.4 FE AnvE A F Ak Hexon £ F By BE 41 5 = 44T
2.4.1 FAdV - C # Hexon % W B 3145 R
FAdV - C4 — Hexon 5 FAdV - C10 - Hexon 4 PCR
[ FH Acc65 1 V) JA , FAAV - C4 — Hexon #1])
=B, K435 A 1505 bp 935 bp.700 bp, 1fi
FAdV - C10 - Hexon #% ¥ i W B, K & 43 il hy
2439 bp#l 700 bp, 5 #WUH - B R/NHAT , il DT 14
LA T,

2.4.2 FAdV - D # Hexon KB Edn4E % FAAV -
D2 - Hexon .FAdV - D3 — Hexon .FAdV — D9 — Hexon
FAdAV - D11 - Hexon f#i [l Hpa 18§V, FAAV - D3 -
Hexon K YIFF, FAAV — D9 — Hexon HJ°4 1159 bp Al
2136 bp Wi 257, FAAV — D2 — Hexon ,FAdV - D11 -
Hexon #{ Y1) 2331 bp 500 bp F1400 bp =477, Ff
¥ FAAV - D2 - Hexon Hl FAdV — D11 — Hexon fii Ji]
BsaB IfiFY] , FAAV - D2 — Hexon R VIFF i FAAV —
D11 - Hexon #¢ ¥ 2717 bp #1571 bp, 5 H B
K/HEFE . WIS DL 8,

2.4.3 FAdV -E # Hexon % B B4R FAdV -
E6 — Hexon, FAAV — E7 - Hexon, FAdV — E8a —
Hexon ,FAdV — E8b — Hexon i Fi AN 1§ V] J5
FAdV —E6 — Hexon A # Y] H, FAAV - E8b — Hexon
Y14 2162 bp F11024 bp FiZ&i7 , FAAV - E7 - Hexon ,
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FAdV E-7 YR36 KT862809 f
— E-7 YR36 f

FAdV E-8b 764 KT862811 f
— E-8b 764 f

FAdV E-6 CR119 KT862808 f
E-6 CK119f

FAdV E-8a TR59 KT862810 f
E-8a TR-59 f
FAdV D-3 SR49 KT862807 f
D-3 SR49 f
FAdV D-9 A_2A AF083975 f
| D9 f
FAdV D-2 KT862806 SR4S f
D-2 SR48 f
FAdV D-11 380 KT862812 f
— — FAdV B-5340 NC 021221 f
L— B-5TR-22f
FAdV C-4 KR5 NC 015323-f2
C-4 KR5 2
FAdV C-10  AF007579 f2
C-10 C2B 2
d FAdV A-1 CELO NC_001720 2
L

A-1 CELD Ote f2
FAdV A-61_11z KX247012 2

47.2 I I T I I I I I I 1

45 40 35 30 25 20 15 10 5 0
Nucleotide Substitutions (X 100)

3 FAdV REMEERFk Fiber EE S EH LS
Fig 3 Genetic evolution analysis of Fiber genes of different FAdV serotypes

Percent Identity

3 5 6 7 8 9 ‘10 : 11 12 : 13 114 115 1 16 17 18 : 19 20 : 21 122 23 :24 25
1 417:416:411:409:83 183 : 71 :71:68 68 :67 67 121:121:49 :49 :49 :49 :40 49 : 1 A-1CELD Ote 2

2 417:416:411:409:83 :183 71 71 68 68 67 67 :121:121:40 49 149 149 :49 49 : 2 FAdV A-1 CELO NC_001720 f2

3 i 417:269:260:256:83 :83 171 :71 68 :68:82:82 :121:121:40 :49 1409 :49:40 :49: 3 FAdV A-61_112 KX247012 2

4 110.1 258 :53.9:530:524 :524 534 535:537 537:538:538 :540:540 566 :566:547 547 4 B-5TR-22f

5 1112.11112.1:11126 544 i533:533 535 536:533 :533:543:543 :541:541:561:56.1:547 547 5 FAdV B-5 340 NC_021221f

6 i793:793:795 247 :233:233:242:1242:242 242 365:366:344:344 :369 1369 :369 369 6 C-4KR512

7 i792:792:795 248 1236:236:245:245:371:371 369:370:349:340:375 :375:374 374 7 FAdV C-4 KR5 NC_015323-f2

8 1792:792:795 244:235:235:244 12441242 :242 366 :36.7 1363 :36.3 1367 367 :366 366: 8 c-10Cc2B12

9 1797:797:799 152107 :107 : 92 {1 92 149 :149 :359:3590 :357 :358 :136.0 136.0:362:362;: 9 FAdV C-10 AF007579 f2

10 103.41103.4i{1035:72.9 {717 :857 :85.1 73.4:816:817:957 i957 615:61.3:321:321:61.0 61.0:612 612: 10 D-2SR48f

11 :103.41103.4i1035:729 ;717 :1857 :851:857 :89.1: 0. 734 1816:817:957 ;957 1615:613:321:321 610:61.0:612:612: 11 FAdV D-2 KT862806 SR48 f
§ 12 100.4i100.4i101.0:75.3 | 74.4 1929 19211921 950 :34.0 86.9 187.0:725:725 613 :612:61.2:61.1:623 623 :614 614 12 D-3SR491
né' 13 :100.4:100.4i101.0: 753 1744 1929 1921 :921 ' 95.0 FAdV D-3 SR49 KT862807 f
% 14 102.51025{1029:77.3 {763 1920 :911:910 :938 D-9f

15 102.41102.4i102.7:77.1 {76.0 {1921 :912 1911 : 939 FAdV D-9 A_2A AF083975 f

16 104.5{104.5:104.6:74.0 1731 i1897 :886 :895 932 D-111

17 104.51104.51104.6:74.0 1 73.1 :189.7 | 886 :89.5 1 93.2 FAdV D-11 380 KT862812f

18 1104.41104.4i1042:729 (744 1856 851 :843 858 E-6 CK119f

19 :104.21104.2i1104.0:73.1 | 746 857 ;852 :844 ' 86.0 FAdV E-6 CR119 KT862808 f

20 107.21107.2{106.6:71.5 | 71.6 1843 1832 :836 847 E-7YR36f

21 107.3:107.3i1106.7: 71.5 | 71.7 : 84.4 1833 :83.7 : 84.8 FAdV E-7 YR36 KT862809 f

22 106.41106.4i106.4:73.4 {732 186.8 (855 :86.9 :87.9 E-8aTR-59f

23 106.41106.4:106.4:73.4 1 73.2 186.8 :855 :86.9 879 FAdV E-8a TR59 KT862810 f

24 110.41110.4i110.6: 708 705 :859 : 846 :845 858 E-8b 764 f

25 110.41110.4i110.6:70.8 : 70.5 : 85.9 : 84.6 : 845 : 858 FAdV E-8b 764 KT862811f

1 2 3 4 5 6 7 8 9

E4 FAAV ARMERSFH Fiber BEERREMELL

Fig 4 Homology comparison of Fiber genes among different FAdV serotypes
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Divergence

31.7

E-6 CK-119

FAdV E-6 CR119 KT862808
C-4 KR-5

FAdV C-4 KR-5 NC_015323
C-10 C2B

FAdV C-10 C2B KT717889
FAdV A-1 CELO NC_001720
FAdV A-61_11zKX247012
A-1 CELD Ote

D-2 SR48

FAdV D-2 KT862806 SR48

E-7 YR36 AF508955

FAdV E-7 YR36 KT862809

E-7 YK-36

E-8b FAdV-9

FAdV E-8b 764 KT862811

E-8a TR-59

FAdV E-8a TR59 KT862810
——

D-3 SR49
FAdV D-3 SR49 KT862807
D-9

FAdV D-9 A_2A AF083975
FAdV B-5 340 NC_021221
B-5 TR-22

ol
g
i
L
f

L< I?z;]dlv D-11 380 KT862812
’_<
¥
—

FAdV B-5 TR22 AF508953

30

25 20 15 10 5
Nucleotide Substitutions (X 100)

(e}

E5 FAAV AEMFRF4K Hexon EFEEEHFH LS

Fig 5 Genetic and evolutionary analysis of Hexon genes of different FAdV serotypes

Percent Identity

3 4 5 6 7 8 9 10 (11 12 113 14 115 1 16 (17 18 119 : 20 : 21 {22 {23 ;24 :25 26 @ 27
731:69.4 :755:767 :76.6 {765 :76.5:744 :744 1736 :73.6:733:732:743:743:769:770:782:724:780:776:776:775:776: 1 A-1CELD Ote
2 735:735:732:732:743:743 767 :768 :781:725:779 :776:776:774:775: 2 FAdV A-1 CELO NC_001720
3 737 737 734733744744 :768 :768 :782:727 :780 777 :777:775:776: 3 FAdV A-61_112KX247012
4 757 757 :754 1754 {747 747 :76.1:761:763:724 1760 :76.6 :766 :764 :764: 4 B-5TR-22
5 740 1740 :728 1728715 :715:734 734 :732:734:732:734:734:735:737: § FAdV B-5 TR22 AF508953
6 757 (757 1754 1754 (775775798 :797 798 :745:792 :794:794:795:795: 6 FAdV B-5 340 NC_021221
7 712:712:70.9 1709 :729 729 :759 (757 {764 :69.3 {766 764 :764 :76.1:762: 7 C-4KR-5
8 713:713:71.0:71.0:729:729 758 :757 {763 :69.5 764 : 763763 :76.0 {760 : 8 FAdV C-4 KR-5 NC_015323
9 . » k . X 715:715:70.9 1709 :731:731:76.3 :76.2 176.6 :69.5:76.7 :76.5:765:762:763: 9 c-10c2B
10 1290:202:292 :338 447 345 715:715:70.9 :709:731:731:76.3:762 766 :695:767 :765:765:762 763 : 10 FAdV C-10 C2BKT717889
11 1346 :346:345131.9:37.3:20.0 804 :180.4:1804:80.4:901:001:705:79.3:703:762:702:79.8:708:793:793! 11 D-2 SR48
12 1346 :346:345:319 FAdV D-2 KT862806 SR48
13 :347:350:350:31.2 D-3 SR49
14 1347 :350:350:312 FAdV D-3 SR49 KT862807
15 :1350:353:3521315 D-9
16 :1351:354:353 1315 FAdV D-9 A_2A AF083975
17 (347 :347 1346 1317 D-11
18 1347 :347 1346 317 FAdV D-11 380 KT862812
19 1201:203:202 :30.3 E-6 CK-119
20 :29.0:202:291 1303 FAdV E-6 CR119 KT862808
21 1272:273:272:30.1 E-7 YK-36
22 :36.1:36.0:356:354 FAdV E-7 YR36 AF508955
23 1276:27.7 1276 :303 FAdV E-7 YR36 KT862809
24 :281:28.2:281:296 E-8aTR-59
25 :1281:282:281:296 FAdV E-8a TR59 KT862810
26 :1282:282:282:299 E-8b FAdV-9
27 1282:28.2:282:299 FAdV E-8b 764 KT862811
1 2 3 4

6 FAAV REMiEFEFk Hexon EF R R

Fig 6 Homology comparison of Hexon genes in different FAdV serotypes
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«“—2439hp

«—700bp

M. DNA Marker 2000; 1: FAAV - C4 — Hexon Acc65 1 Bif¥] 1 B ;
2: FAAV - C10 - Hexon Acc65 1 A H Bt
M: DNA Marker 2000; 1; FAAV - C4 Acc65 1 enzyme fragment;
2: FAdV - C10 Acc65 1 enzyme fragment
B 7 FAdV - C Fit Hexon BEE &R
Fig 7 Results of enzyme digestion of

FAdV - C Hexon gene

<«—2717bp

<«— 571bp

M; DNA Marker 5000; 1; FAAV - D2 Hpa I BV A B
2. FAAV - D3 Hpa | Y15 Bt; 3. FAAV - D9 Hpa 1 Y] 5 Bt
4. FAAV - D11 Hpa | B§YIRBE; 5. FAAV - D2 BsaB I BV A B
6: FAAV - D11 BsaB I B H Bt
M: DNA Marker 5000; 1: FAAV - D2 Hpa I enzyme fragment;

2. FAAV - D3 Hpalenzyme fragment; 3: FAAV — D9 Hpalenzyme fragment ;
4; FAAV - D11 Hpa 1 enzyme fragment; 5: FAAV — D2 BsaB 1
enzyme fragment; 6: FAAV — D11 BsaB | enzyme fragment
E8 FAdV -D #f Hexon EEEIER
Fig 8 Results of enzyme digestion of FAdV —D Hexon gene

FAdV - E8a — Hexon #HIA{ 1232 bp 1021 bp #1932 bp
=40 . % FAAV — E7 — Hexon FIFAAV — E8a —
Hexon f#i ] Sac I V)5, FAAV - E7 - Hexon 1]
1273 bp 12918 bp P4, 1l FAAV — E8a — Hexon
M VIR 2368 bp 547 bp F1277 bp = 2%, 5 Hil
FBOR/MASRE . BT DL 9,

M 1 2 3 4 5 6

M: DNA Marker 5000; 1: FAdV - E6 AhoN 1 BI A B
2: FAAV - E7 AlwN I 8] J7 Bt ;3 : FAAV - E8a AlwN |
BEUI A BE; 4. FAV - E8b ALwN T BV H B
5: FAAV - E7 Sac I BV Bt 5 6. FAAV - E8a Sac I F# ) 1 Bt
M: DNA Marker 5000; 1: FAAV - E6 AlwN [ enzyme fragment;
2: FAAV - E7 AlwN T enzyme fragment; 3: FAAV - E8a
AloN T enzyme fragment; 4; FAAV — E8b AlwN T enzyme fragment;
5: FAAV - E7 Sacllenzyme fragment;6; FAAV — E8a Sacllenzyme fragment
B9 FAdV -E # Hexon EFEIER
Fig 9 Results of enzyme digestion of FAdV — E Hexon gene

3 iR E4%iR

JRBENES S E  PCR BT 4 B B IR R
50 e 7 ORI 0 S50 D 2 R LI 2% 7 12 FAdV
Yo KOS W H 7 R Sy ik i A
ST UE S5 75 2295 S A8 H A i FAAV A5 G bR
WERERR AR KR S IR, JFC b b v 2 Ak 2 S A
Hexon HFIVE N E IR RN F M EHZ — B
A B TR R D B B S B )
G, [FIET, 2R BRI b Fiber 5505 40 i 2
32 RS A, BT B0 o g2 SR ik | BT DA 9
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T ARSI & AT . FAV 1Y
Folr 55 1L R (4 X B G 2R R, A RO LT 1 Y, B
TR TR 5 A4, C A R IV 4 .10 8, D Foxd hi
M 2.3.9.11 B E FXER M 6.7 8a.8b A, A
ST 5 ML BN N DG ZR I 2 ¥ A2 o i T vk A
KEEHCHAIT T Z2M2l ke TIEF AR LN S
AR o AL Hexon FEIA, Fiber K 1A ] 5
PR AU Bk 22 (B DR SR AT TGRS () 5 A1 A4 P AN [
LT L[] F M AR X A, PRIt T 280 s o
RERSZNE, AR E R T 55 AFh
(1) Fiber FEPR %5 5 Wy, 38 5 X 12 A~ i 375 ) 55 #k
Fiber 3N 4K 53547 PCR 9714 | 3 X 43 A [ Fib
(4 FAAV GEB T8RRI R S, BLAS BERRASAEALE
FpfaIze X, #E—25 %) 12 kK Hexon SEPUFN Fiber
LRI 25 SR st A A A T, 25 SR R B TR A 2 5|
HRFEER T BS 5 B M2 % 0k 340 Rz [ PR
H95.8% ,HAx 11 DEERR S XN % FE 4k Fiber [A]
JEMEAE 99.1% % 100% Z 0], T GeneBank 17
U, B F TR22 #EHRAH N (Y3 2% 1751, H i F
JEERARE B TR22 8k Fiber 7515 340 k)T 41
[ 95. 8% , 5 Ho & F iy [R) IR ALKy 25. 8%
£ 56.6% ,WIAHEH N B B FAAV ., 17 Hexon K&
R 3 A 45 R 3R W], BS 5 2% B bk 340 Bk 14 [A]
PR 77.3% ,Hgx 11 DEERES XN S 25 83K Hexon
LR EEMEAE 99. 1% & 100% Z 18], #E— A A 3
FR R R R R I 2 PR 5 S8 bR A PR — 3L

SR R I A T Y (] — e g At i 5 7
W, B0 C D E R Rk i Sl e iE AT 48 58
HRHEAS RIS RS Hexon FEIR 751 v iU 457 5 BT 78407
EZES PEH Acc65 1. Hpa 1, BsaB 1, AlwN 1, Sac 1l
FARBRAIPEPN YT, 7T LIS C D E R 10 A3 %
FERRYVIAS [ R/ I BeRE 28, DA S 3% AN ]
FERRI Y XS E B9 i B i) RNl
W A TERR I AT YA b A 1 7 AL A BE R, i
PERAF, S5ZRiFFE T R Hexon BEPR HEAT 43 T
DAL AL A o AT 45 A YDA X FADV 12
A MLIEFIFERR Y Hexon R F Fiber LR 4T R 48

FF SR Al S AT S AR

ABIFFE R, T B A W v A DR A PO
FEIY FADV 12 /NI T g bR A v i, B S R PR 2
AR — B, 1AL T SN AT R R S il
T A E IR FIAH G AG 9612 W 12k 14 1 7 4R 3t
TEBEEFR

S

[1] David E S. Diseases of poultry[ M]. 14" ed. Hoboken: John
Wiley&Sons, Inc. , 2020 321 —347.

[2] Chen H, Dou Y, Zheng X, et al. Hydropericardium hepatitis
syndrome emerged in cherry valley ducks in China[ ]]. Trans-
bound Emerg Dis, 2017, 64 1262 —1267.

[3] LiH, WangJ, Qiu L, et al. Fowl adenovirus species C serolype
4 is attributed to the emergence of hepatitis — hydropericardium
syndrome in chickens in China[J]. Infect Genet Evol, 2016,
45 230 -241.

[4] Zhang T, Jin Q, Ding P, et al. Molecular epidemiology of hydro-
pericardium syndrome outhreak — associated serotype 4 fowl ade-
novirus isolates in central China [ J]. Virol J, 2016, 13
(1) 188.

[5] LiuY, Wan W, Gao D, et al. Genetic characterization of novel
fowl aviadenovirus 4 isolates from outbreaks of hepatitis — hydro-
pericardium syndrome in broiler chickens in China[J]. Emerg
Microbes Infect, 2016, 5 (11): el17. doi: 10. 1038/emi.
2016.115.

[6] PanQ, Liu L, Wang Y, et al. The first whole genome sequence
and pathogenicity characterization of a fowl adenovirus 4 isolated
from ducks associated with inclusion body hepatitis and hydroperi-
cardium syndrome[ J1. Avian Pathol, 2017, 46(5) :571 - 578.

[7] Chen L, Yin L, Zhou Q, et al. Epidemiological investigation of
fowl adenovirus infections in poultry in China during 2015 -2018
[1]. BMC Vet Res, 2019, 15(1) ; 271.

[8] WeiZ, Liu H, Diao Y, et al. Pathogenicity of fowl adenovirus
(FAdV) serotype 4 strain SDJN in Taizhou geese [ J]. Avian
Pathol, 2019, 48(5) . 477 -485.

[9] Niu Y ]J, Sun W, Zhang G H, et al. Hydropericardium syndrome
outbreak caused by fowl adenovirus serotype 4 in China in 2015
[J]. J Gen Virol, 2016, 97(10) : 2680 —2690.

[10] Zhao J, Zhong Q, Zhao Y, et al. Pathogenicity and complete ge-

nome characterization of fowl adenoviruses isolated from chickens



R 25 2Rk 2021 4E 8 H 4 55 B4 8 1

Chinese Journal of Veterinary Drug

<21 -

[12]

associated with inclusion body hepatitis and hydropericardium
syndrome in China[ J]. PloS One, 2015, 10(7) : e0133073.
WHA, W, B R, S BN R SEELT]. P
[ 24k, 2002, 36(4) : 27 -29.

Fan S C, Huang ] H, Zhao B, et al. Identification and conserva-
tion of fowl adenovirus[ J]. Chinese Journal of Veterinary Drug,
2002, 36(4): 27 -29.

Saifuddin M, Wilks C R. Development of an enzyme - linked im-
munosorbent assay to detect and quantify adenovirus in chicken

tissues[ J]. Avian Diseases, 1990, 34(2) : 239.

[13]

[14]

ERE. AP M]. deat: b E R W R,
2014 667 - 683.

Hu R L. Modern animal virology[ M]. Beijing: China Agricul-
ture Press, 2014 667 —683.

Wang X, Tang Q, Chu Z, et al. Immune protection efficacy of
FAdV -4 surface proteins fiber — 1, fiber -2, hexon and penton

base[ J]. Virus Res, 2018, 245 1 -6.

(4 8] FXF)



