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PNJ180911, PNJ180913 47 AE Wy~ etkor#r, F
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pH 1 FHE L5 S5 R Xt 15 R AR KRR, R
B R BRI BE 2 T A, X EAEC BB
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1.1 BRI
BN . BRE AN . BEEHEE . EAbEN .

HCI. NaOH. W, VKESHR . FERZE M55 . SM
o (NaCl, 5.5 g; MgSO,4-7H,0, 2g; 1 mol/L
pH 7.5 Tris-HCl, 50 mL; BHfZ, 0.1 g, ddH,O &
25 % 1000 mL).
1.2 EHREEREN

I REMRIBATE CVCC232 Iy [ HE 2y
AP A OG0 B IR TR
KIGAFHEAERAA Luria-Bertain(LB)3; 75 25 [%1{4& LB
SEAR SR METE AR PNT180911 ., PNJ180913 1
A SR % oy B IRAT
1.3 MRS RIEE

14 10 pL WERR AR T8 ) |, #E 10 min,
FHUSARIR 2510 5 Z2 R WA, TN 10 pL 2%m545
M2, Y 2min, AKKTIG, FiESHE(TEM)
MBI AR IIE RS
1.4 WERERTE EEHME

FHAF- Al A D00 S W T AR Y 1 3, e HBCA
S ARAF Y 167 BRAS R S04 608 K 71 0
2 PRMEPSIRRfE 0, WET-H b W R BE A TR
5L
1.5 WEREARRAERYLE HMODHIE

¥ Cvee232 KiREXT O, WwE R 1x
10° CFU/mL, #& UYL H0k 0.001, 0.01, 0.1,
1. 10 F1 100 £ H 5] 53 504 Wik TR 1A 5 240 77 45 VR
4, ## 15min, 10000 r/min #5.C> 10 min, # I
. ULWEM 5 mL WK LB 88, 37 °C #RH ¢
5 h J& 10000 r/min &.0» 10 min, B EER, B2
TR EARIEI LY, LAy Ae o i 500 1) LU 15 h A
PR H
1.6 MEREA—HAERK LN E

B ERIA ST B CVCC232 LU A
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BIS1RA, 37 °C #-& 15 min, 10000 r/min 2.0
10 min, 3 B3, BEH] 37 °C ##AM 5 mL )
K LB T, HL200 pL, 12000 r/min #5.0> 30 s,
BRIy, DA [ e, & 37 °C
FEPRRE SR, B 20 min 43 5 min BUREIIRLAHY , 20 min
J& 5 10 min BRI, HeAFSE 120 min,
1.7 WEEEHRXT pH FIIR B YR 32 A

W R AT pH AT SZ PR . A HC1, NaOH
VRO SM ZZ AT E pH2, 3. 4. 5. 6. 7.
8.9, 10, 11, 12, PIUK[F] pH A9 SM 28 M 7 B¢
MR A, 37 °CoOKIIE , 2513 0.5h, 1h/5
WORE, AUZ BB AR 200 5 A o

I AT A 6T T 85 P4 T 32 P AR = e R K 4 )
JCETF 40, 50, 60, 70, 80 °C KIFEHIET ., &
BIF 0.5, 1 h JFHE, BUZBUE AL RN .
1.8 MEREAARS R EEBOR M2

W55 B BT (1x10° CFU/mL)-55 1 18 7R 43 51 LA
MOI=0.1. 1. 10. 100 4 ELEIATRATE A 96 £L
M, BEEESTHRFLANA 200 pL %A 13107 CFU/mL
P, ¥ 3 MEFL. ¥ 96 FLAUE TREEHR T

37 °C HRG B %, RE/NERI R ODgoo Ab 1WA,
L 16 he
1.9 AL AE B 45 R A A 1 7] A0 AR R AOR
1.9.1 5Pl P 5 S vl gt A K 1 R0 B AR TR
TE K A 1 375 WY 285 A V3 e T G i 4 [ £
LB Fik, (AR 5 mL CVCC232 (5%
10° CFU/mL) ¥ A1 Wl 740 F N30, EiRErE,
AR E AR DT FR TR 1),

W TE IR PNT1809-11, PNJ1809-13 FlM: 4
X R 22 25 AL A 25 Ab B , s Hx s A
RRAR

(1) Z4kk B 30 mL W AR (10° PFU/mL)
BeRMAE A, EEA, RIS R
FEI R A

(2) Wi 5 mL MR AR RO ARG,
5 AR A

FAEZE AR, /33T 30 min, 1h, 2h
JEA U 3 YAk, BIE, 37 °CIFE 14h, XTI
AR SM MR s bsimiss , RIG 1 TA
T

1. ERHEAT=ERE
Figure 1.
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1.9.2  WEPH (A IS 38 Xo) MO TE AR R BA SR . (A U1
Je B 7K R HI M (15 cmx 15 em) B 7K Y8 st 1a . fe
W5 A5 W53 2.5 mL B K (5% 10° CFU/mL) & /K Je e 5
AR, 10 min J5 57655 & W TR A SCH SMO,
2 h JEHJCH IR AR EKEEEL PBS 22 npig 57K e
B, SR HHR BRI A 5 mL PBS H,4 °C 8 24 h,
SRR A I R 75 A
1.9.3 WA XM REBER: K20
JE R R %265 10 mL CVCC232 ¥ 51 iR A )
ATCHEML(EAE 90 mm, & 12 mm)H, i H 757
AL, 24 h JFWHA 5.0 mL W AR, 4 H
2k, FLWHR 2 d, XFRRAIBEN SM Z k. e
— U 2 h J&, A3 BIFRICRIAIE R 0.5 cm
WZESEAS 1 g, A0 5 mL PBS, “Flit$k
ERUNEM %
1.10  WEPEHAOH 41 B A W IR 2R A

225 WBH RUA 10 7 3k, SR R ARCFL AR Ik X
CVCC232 AW Y sLfe 1 Ak, A
CVCC232 UM IR AT . 7E 96 Lk
R RS AT, SRR, LA
200 pL W A A B, X BRI A S5 SM 2 ik,
37 °C }¥53%, 24 h 5 WA B 241 DL .
111 BERHARTESRF ISR T T 52 D
L1111 FRFE IR EEXS MR TS MR . KA 4
AR W, XS f i B ASRE 30 °C,
SR EMA S SRRARIE, 292 37 °C, T
FEHH S B E — s il 7e 26 °CP 0, AR R
T 26 °C #1 37 °C 404 FRERARZMNAE 7 d WIS
b o P TR A B R A3 A 26 °C Fil 37 °C fHIR
FEFRFANE LRGSR 7 d, 5K T AR B[] ORI

B o

1.11.2  ZEE pH MWEE KBS W . &E25H
() pH T 6.0-8.5" "), HieHs g i 1A B pH 43
B A 6.0 1 8.5, BT 4°C, FTHRHMIFRF &
WOREII A, LD 7 d
1113 BESCE S XS Wi IS MR R - i (A A
A AT R R B E, FRErhRA T
M W% AT AR A 1 o AR IR0 TSR FH PO HE S 19
TN 5 X I DAL A (S 4 0 T ke A3
W N B T B BRG 6 h, 4 2 h I — R .
112 18 EE PR R AR

¥ CVCC232 B ZXPHOW, Dl e 2
W AR RO &, APPSR RO A Tk R
H CVCC232 MR TRVE L, 37 °C#BKKEFR 5 h
VS (M B BRI OA 8 BT A A B e TR Ak 2 40 s o 44
ZUf#), 8000 r/min. 10 min B.OIRGW, 3 L7,
UUVE ] PBS FE, FPAO HEOR I e Pt AR 40
PR R BT 28 A8 R =H M B VR B 5 T 5
113 BaE Ko

ARG T A SRR A S 3 Ay A S
95 1)~ S {5 M 75 (mean+SD) . & ff GraphPad
Prism version 5.0 3K {4547 548 4341 Fn e e il 4 -

2 ERFpH

2.1 WEENES

I P 14 PNJ1809-11 76 XUZ Bt Al LI A )
WEEEAZ R 3 mm, AN, WERBENLESR .
57 2-A); PNJ1809-13 78 XSUZ Bifg A I A%,
IV BE E AR 20 1 mm, JOEIR, WL 205
56, BSE(El 2-B),

7 ST LB R MR A PNT1809-11 3k 3RS B K 11
ANHEA, HAL 118 nmx73 nm, A —> A4 1)
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B, K%y 103 nm, FEAT AR 2 (K 2-C);
PNJ1809-13 S8 /S THA , HA£2) 113 nmx65 nm,
- RSB, K29 104 nm, FH0] ILff)R
(R 22, T AR G TR 4K 229 Ay JUL 2 i 5 A Wik T 44 (11
2-D).

2.2 BERAR R AR

I T AR S fp i 5E 25 R 7R, PNJ1809-11 AJ
2467 155 BRRIGFF A, 2420 92.82% ; PNJ1809-

13 7] USSR 46 BRRIGFFER , 20038 27.54% (M
1),
2.3 HAEREEHM™OD
MR AR S 1E R 10 11 B, WERK
PNJ1809-11 1 PNJ1809-13 HJREJl tH e 21 Rk,
A3 510 2.1x10° PFU/mL i1 1.8x10° PFU/mL,
WEFE A PNJ1809-11 i1 PNJ1809-13 ft e fE /YL
REMODYIHN 10 (3 1),

2.
Figure 2.

W B R B FE S
Shapes of phages. A: plaque shape of PNJ1809-11; B: plaque shape of PNJ1809-13; C: transmission
electron micrograph of PNJ1809-11; D: transmission electron micrograph of PNJ1809-13.

x1. RERBREELNE

Table 1. Determination of optimal multiplicity of infection of QLO1 and QLO02
MOI  Phage titer/(PFU/mL) Bacteria concentration/(CFU/mL)  PNJ1809-11 titer/(PFU/mL) PNJ1809-13 titer/(PFU/mL)
100 1x10° 1x10’ 2.6x10° 1.3x10°
10 1x10° 1x10° 2.1x10° 1.8x10°
1 1x10° 1x10° 6.4x10° 9.2x10°
0.1  1x10 1x10° 1.2x10° 7.6x10°
0.01  1x10° 1x10° 1.5x10° 1.7x10°
0.001  1x10° 1x10° 4.4x10° 1.3x10°
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24 —HHEKHZK
— RIS R IR, BEREIA PNI1809-11
BRI A 15 min, 15 min 53R AR LR, HRk
HirrE 15-80 min iGNNI, FFT 80 min AT,
HEREE 7.0%10° PFU/ML A FHHA 24072 , 4 hy 52,
W PR A PNJ1809-13 TR IUIH 15 min, 15 min /5
PEARR R, HAMAE 15-50 min #GERS N, 3T
50 min IAFEEAE, 4ERFTE 2.8%10° PFU/mL AS A
Wk, RgEh 21 (8 3).
2.5 pH 3t

pH it SZ VR R, WA PNJ1809-11 .
PNJ1809-13 7 pH 3-11 J& B N & Al £736 , £ pH<
2 5 pH= 12 i, HiEMse 435, fod pH R 7
(&l 4).
2.6 PAEM

PERE PRI A5 R s, WETR 1K PNJ1809-11 .
PNJ1809-13 £ 40 °C W& PR REFFRE , 60 °C 1
FH 30 min 55 MR EFEAL, FEM 1h 5840005
W A PNT1809-11 7E 70 °C /£ 30 min /54 — &
TEPE, PNJ1809-13 £ 70 °C 4% FAEM 30 min N
SERRIE . 80 °C IRIN L 2 BRWETRIAYI AT 57, 18
30 min 54K 36 (& 5).
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Figure 3. One-step growth curve. The error bar
represents the standard deviation of three parallel

samples.
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Figure 4. pH resistance of phage PNJ1809-11 and
PNJ1809-13. The error bar represents the standard
deviation of three parallel samples.
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Thermal stability of PNJ1809-11 (A) and PNJ1809-13 (B).

http://journals.im.ac.cn/actamicrocn



2024

Xinjie Qian et al. | Acta Microbiologica Sinica, 2021, 61(7)

2.7 WEREARARSMTERCR

AR B8, 4 MOI=1 BF, WEPE{K
PNJ1809-11 7ER/T 3 h W EMHE FR AR, X
MOI=10 F1 MOI=100 Ff , PNJ1809-11 i i
CVCC232 K IFAISER 2 5 h, ODgoo AEHIO
H AT K3k 0.09, HEA %I, ¥4 MOI=10 i,
PNJ1809-11 ARSI R e oh B35 (B 6-A). 24
MOI=10 i}, WEEA PNJ1809-13 1ERT 3 h W40
HilfE FEAEK, 24 MOI=100 B, PNJ1809-13
il Cvee2323 AKMBTREERK E 5 h, 1M
MOI=0.1 Al MOI=1 i}, BEREAXT Cvec232 14
K 58 4 B M /E A (& 6-B).

A) 12 ¢
1.0
0.8 r
0.6 r

ODG()(D

04 t
02 t
0.0

01234567 8910111213141516
t/h

(B) 1.2 = CVC(C232
10 | =—MOI=100
—— MOI=10
0.8 r ——MOI=I
< 06 | ~MOI=0.1
Q
04
02
0.0 Lo
0123456738 910111213141516
t/h
6. AREBELEHTEEIK PNI1809-11(A) F1

PNJ1809-13(B)*t CVCC232 By #I{E

Figure 6. Inhibition of PNJ1809-11(A) and
PNJ1809-13(B) against of CVCC232 with different
MOIL.
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2.8 SIS A3 B e e AR R R A B B R K
R

2.8.1 Z£FAk. BEFE LIS MR IR E EE
BIRKR: 2F A F S HEFR PNJ1809-11
PNJ1809-13  J& Ik B 1A 2 % 75 1 CVCC232
AR ERCR TR E] 99% LA |, i PNJ1809-11
FO AR SRR SR T PNT1809-13, 17 Wk 4418 2 17
MR RCR WA T 8 Z )5 280555 A0 35 W
A PNJ1809-11, PNJ1809-13 K HIR A il 7 () %
RORBIAIGR 99%UA |, SR EBCR TG 3%
Ze5, (HIESEAbFR LT 5 mL W AR, IS
210 P 55 Ak F )y AT A TR RCR P (GR
2, %&3).

2.8.2  WEBHARME S XM TH B R PR . WS AL I
F1AY W AT 4 XoF L TET 240 AT 19 R KRR (s, S0 R
I, WREEA PNI1809-11 X M i fi5 T # AL HU
FREBHEVEEUR PR T4 2.5 DR, RKUERN
99.32%; WEEE K PNJ1809-13 AbFHJE, HiKE T
BT 29 1 MBS, RKECEN 91.23%; BER K

*2 EHUNERERANIEYR
Table 2.
atomized bacteriophage

Sterilization efficiency after treated with

/h PNJIS09-11/%  PNJ1S09-13/% L 1age
cocktail/%

05 99.94 99.66 99.71

1.0 99.93 99.36 99.70

20 99.95 99.22 99.67

%3 BELEREEANREYR

Table 3. Sterilization efficiency after treated with
sparyed bacteriophage
gh PNJISO9-11/%  PNJIS09-13/% 98¢
cocktail/%
0.5 99.61 99.35 99.55
1.0 99.58 99.21 99.41
2.0 99.53 99.23 99.51
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A T Y AR AR 95.39%, A BRURA T
Z (3 4).

2.8.3 MEEABIEXZEMERRESCR: 5=
FERFEL , W T A P g g 3 2] 5 R0 L A %o 2 e 3
TET 240 TR A A AR5 99.50% LA 1, A TR
Wk Jy . ¥ EEG>PNI1809-11>PNJ1809-13; i =
L AT A T 50 X6 SR AR A TR R ORI AR T
15.00%, AKBCRMKIK Ny . X P>PNI1809-11>
PNJ1809-13 (3 4), 7 WIE 55 Aub FH (1 I T 1A Xo) 28

% 4.

PAE ] 7 5% 35 o 1t TR

A6 % THT 200 AT %) 3% B0 SR J 2 5 F XoF PN 0 400 1T Y
2.9 WEREAGIRIXN KBIFE CVCC232 AEYHE
pLS

CVCC232 JE B AE I 5B 7E 36 h B die i
ULE OD/ODe=3.02, BERIE BLRE N HAE PR 5).
WU CVCC232 EAIE R 4K 36 h
JE T BB RS, Al DA R 0 V& 3 1 4k
(H 7-A),

. EEREERARRR

Table 4. Sterilization efficiency of phage spray on ground host bacteria or host bacteria infeces
Groups Ground host bacteria/% Host bacteria on fecal surface/% Host bacteria in feces/%
PNJ1809-11 99.32 99.80 13.15
PNJ1809-13 91.23 99.67 10.04
Phage cocktail ~ 95.39 99.84 14.97
SM buffer 0.00 0.00 0.00
% 5. KBHFE CVCC232 A E MK AR AT BE

Table 5. Biofilm formation ability of E. coli CVCC232

t/h ODc ODg OD/ODc
24 0.141 0.372 2.64
36 0.182 0.550 3.02
48 0.181 0.322 1.77

EXHRAIAR L, WEREAR PNJ1809-11 AbHHZH A
PRS2 TP A BEEH LN (IR A IR S AR T , R B TR {4

PNJ1809-11 FIWEFR AN I Al A 24 54% CVCC232
TE R A IR 7-B) o 215 Yo i 2 45 fL
ODgoo AEIWEEAE, WEFR{AR PNJ1809-13 ia{ue 2 Xt
CVCC232 A=W BHHRZCEN 78%; PNI1809-13
(I RARARIE R 30% ;I T AR R 10 1) LR 80
83%, AR Hh2MFRACR R I —4H(3R 6).

7. BHEET CVCC232 MHIER (AR E R CVCC232 4 Mk IE By ZL AR R (B)

Figure 7.

Morphology of biofilm formed by CVCC232 under microscope(A) and biofilm cleavage of CVCC232

by phage(B). A1-A3 were treated with SM buffer; B1-D1 were treated with PNJ1809-11; B2-D2 were treated with

PNJ1809-13; B3-D3 were treated with phage cocktail.
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6. ATREMEEARH FIAEFEYHIRS OD E

Table 6. ODgy value of biofilm after treated with
phage
Groups ODgpo Cleavage efficiency/%
PNJ1809-11 0.2197 78
PNJ1809-13 0.6951 30
Phage cocktail 0.1649 83
SM buffer 0.9860 0.00

Calculation formula of cleavage efficiency=[1-(OD test/OD
negative)]x100%.

—~

Phage titer log,,/(PFU/mL) >
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7 L 1 L 1 L L L
o 1 2 3 4 5 6 7
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©
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E) 19 -

~ —= PNJ1809-11

£ -= PNJ1809-13

-}

oot

G

)

2 8y

°
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=

A 7 L Il 1 1

0 2 4 6

td

2.10 WEREATETRRE IS A 321

2.10.1  WETH K FE R E IR BT MW 32 M
PNJ1809-11 7£ 26 °C F1 37 °C FiE A L# /N, 1
FESMNBITRE T 29 1 AR, 1B 37 °C &4+
TIEHAAR K (B 8-A); TTE 26 °C &40 T, Wi
B PNJ1809-13 7E 7 d WA BN T 2 1 A4k 2%,
37 °C £MF FWIREAC T 3L 2 MRS, RUIERA
PNJ1809-11 TEFEFH IR EE T i 321 5 3 (4] 8-B)-

(o]
1

- 37°C
-+ 26°C

e}
T

Phage titer log,,/(PFU/mL) @
O

o 1 2 3 4 5 6 7 8
t/d

(D)

E "‘pH 6.0

=~ 97 <

> - M [To

o5 y—— -
2

5 8|

°

o

E L L L 1 1 L 1 1
~ 7

8. MEE{RFEFTIAIME P AIMZ 1t

Figure 8.

Tolerance of bacteriophage in culture environment. Titer variation of PNJ1809-11 (A) and PNJ1809-13

(B) at breeding temperature; titer variation of PNJ1809-11 (C) and PNJ1809-13 (D) at fecal pH; the effect of directe
sunlight on phages PNJ1809-11 and PNJ1809-13 (E). The error bar represents the standard deviation of three

parallel samples.
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2.10.2 WETEIATEZSME pH SR SZME: WERIAK
PNJ1809-11 By 7E 0-4 d PN7E pH 6.0 F pH 8.6
A TR E, 5SdESMITFIRERE TR, &
LM 1 DR A 8-C); MR
PNJ1809-13 AYZL M £ pH 6.0 £14F F 55 2 KA1
4 KW R FFAL, 78 pH 8.5 &4 N2 &, X} pH
6.0 S5 A1 TR (& 8-D).
2.10.3  FHOCE S X MR (A0S HE I . 28 FHOGH
56 h 5,2 BRIGE TR AR B R YA AN TR RE BE 1
PNJ1809-11 (i HI4A 1.6x10° PFU/mL 4%
2.8x10° PFU/mL, 2 FF% 6 fi%; PNJ1809-13 Ay
M HI4R) 4.8%10° PFU/mML f# % 4.5%x10” PFU/mL,
2R 1 ANEOER . WERR PNJ1809-11 AHXTF
PNJ1809-13 £ BH ¥ RE ) T %5 (] 8-E).
211 18 EREXTHERE RS R AR

Ze Il CVCC232 XIEF A PNJ1809-11 774k
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Table 7.

Mutation frequency of phage-resistant strains of CVCC232 after exposed to phages

Bacteria concentration after

Bacteria concentration without exposing

Ph Mutation fi
ages exposed to phage (CFU/mL) to phage (CFU/mL) utation trequency

PNJ1809-11 8.7x10° 3.5x108 2.5x107°

PNJ1809-13 3.5x10° 3.5x108 1.0x107
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Evaluation of sterilization efficiency of EAEC phage PNJ1809-11
and PNJ1809-13 as environmental disinfectants

Xinjie Qian, Yihao Li, Hang Zeng, Hanjie Yin, Yuxin Wang, Haosheng Huang,
Qianwen Gong, Dezhi Li, Feng Xue, Fang Tang, Jianjun Dai

Key Laboratory of Animal Bacteriology, College of Veterinary Medicine, Nangjing Agricultural University, Nanjing 210095,
Jiangsu Province, China

Abstract: [Objective] Analyzing the biological characteristics of two enteroaggregating Escherichia coli (EAEC)
CVCC232 phages PNJ1809-11 and PNJ1809-13, and evaluating their bactericidal effects as environmental
disinfectants. [Methods] We observed the morphology of PNJ1809-11 and PNJ1809-13 under a transmission
electron microscope, analysed their biological characteristics, including the host spectrum, optimal multiplicity of
infection, one-step growth curve, and tolerance to pH and temperature, also compared the sterilization efficiency of
atomized and sprayed phages. We next determined the bactericidal effect of the sprayed phage in a simulated
livestock farm environment as well as the effect of the phages on the biofilm disruption of the host bacteria. At last
we tested the tolerance of the two phages to the environment of simulated livestock farm and the mutation
frequency of phage-resistant strains. [Results] The results of electron microscope observation showed that phages
PNJ1809-11 and PNJ1809-13 both belong to Myoviridae phages. PNJ1809-11 and PNJ1809-13 could lyse 155 and
46 Escherichia coli strains, respectively. Biological assays showed that the MOI of the two phages are both 10; the
optimal pH of them are both 7; compared with PNJ1809-13, PNJ1809-11 showed better thermal stability. In the
simulated closed device, the sterilization efficiency of spryed and atomized PNJ1809-11 and PNJ1809-13 on the
host bacteria was as high as 99%; the sterilization efficiency on the surface of artificially contaminated feces was
also higher than 99%. The lysis efficiency of PNJ1809-11, PNJ1809-13 and their mixture (phage cocktail) against
biofilm of CVCC232 were 78%, 30% and 83% respectively. Phage PNJ1809-11 had better tolerance than
PNJ1809-13 to the temperature, fecal pH and sunlight of simulated livestock farm. The mutation frequency of
phage-resistant strains was 2.5x10° and 1.0x10° respectively. [Conclusion] In summary, phage PNJ1809-11 was
more tolerant to the environment, and the phage cocktail showed higher lysis effect on biofilm, which suggested
that sprayed phage PNJ1809-11 or the cocktail of PNJ1809-11 and PNJ1809-13 had the potential as an

environmental disinfectant.

Keywords: bacteriophage, phage cocktail, disinfectant, tolerance, biofilm
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Bifs= 1.

BEBETA PNJ1809-11, PNJ1809-13 HYBUfRLE

Table S1. The host range of phage PNJ1809-11 and PNJ1809-13

Bacteria number Animal sources Origin PNJ1809-11 PNJ1809-13
Q167 goat Qinghai +

Q159 goat Haiyan County, Qinghai + +
QI55 goat Tianjun County, Qinghai + +
Q152 goat Huzhu County, Qinghai + +
Q151 goat Huzhu County, Qinghai + +
Q150 goat Huzhu County, Qinghai + +
Q149 goat Huzhu County, Qinghai + +
Q148 goat Huzhu County, Qinghai + -
Q147 goat Huzhu County, Qinghai + +
Q145 goat Huzhu County, Qinghai + -
Q143 goat Huzhu County, Qinghai +

Q129 goat Haiyan County, Qinghai +

Q122 goat Tianjun County, Qinghai + -
Q121 goat Tianjun County, Qinghai + +
Q113 goat Huzhu County, Qinghai +

Q110 goat Tianjun County, Qinghai +

Q107 goat Tianjun County, Qinghai +

Q106 goat Tianjun County, Qinghai + -
Q100 goat Tianjun County, Qinghai + +
Q099 goat Tianjun County, Qinghai +

Q098 goat Tianjun County, Qinghai

Q096 goat Tianjun County, Qinghai -

Q095 goat Tianjun County, Qinghai + -
Q094 goat Tianjun County, Qinghai +
Q091 goat Tianjun County, Qinghai + -
Q089 goat Tianjun County, Qinghai

Q088 goat Tianjun County, Qinghai -

Q085 goat Tianjun County, Qinghai + -
Q084 goat Tianjun County, Qinghai +
Q075 goat Tianjun County, Qinghai + -
Q069 goat Tianjun County, Qinghai + -
Q063 goat Tianjun County, Qinghai + +
Q038 goat Hudong Breeding Farm, Qinghai + -
Q035 goat Hudong Breeding Farm, Qinghai + -
Q034 goat Hudong Breeding Farm, Qinghai + -
Q017 goat Hudong Breeding Farm, Qinghai + -
Q010 goat Qinhai + -
DE427 duck Chu County, Chuzhou, Anhui + -
DE425 duck Hengxi, Jiangning, Jiangsu + -
DE420 duck Hengxi, Jiangning, Jiangsu + -
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(BB 1)

DE419 duck Hengxi, Jiangning, Jiangsu + -
DE414 duck Hengxi, Jiangning, Jiangsu + -
DEA407 duck Hengxi, Jiangning, Jiangsu + -
DE405 duck Hengxi, Jiangning, Jiangsu + -
DE382 duck Hengxi, Jiangning, Jiangsu + -
DE366 duck Hengxi, Jiangning, Jiangsu + -
DE365 duck Hengxi, Jiangning, Jiangsu + -
DE363 duck Hengxi, Jiangning, Jiangsu + -
DE360 duck Hengxi, Jiangning, Jiangsu + -
DE358 duck Hengxi, Jiangning, Jiangsu + -
DE355 duck Hengxi, Jiangning, Jiangsu + -
DE354 duck Hengxi, Jiangning, Jiangsu + -
DE347 duck Hengxi, Jiangning, Jiangsu + -
DE344 duck Hengxi, Jiangning, Jiangsu + -
DE341 duck Hengxi, Jiangning, Jiangsu + -
DE336 duck Hengxi, Jiangning, Jiangsu + -
DE332 duck Hengxi, Jiangning, Jiangsu + -
DE331 duck Hengxi, Jiangning, Jiangsu + -
DE329 duck Hengxi, Jiangning, Jiangsu + -
DE328 duck Hengxi, Jiangning, Jiangsu + -
DE325 duck Hengxi, Jiangning, Jiangsu + -
DE322 duck Hengxi, Jiangning, Jiangsu + -
DE321 duck Hengxi, Jiangning, Jiangsu + -
DE319 duck Hengxi, Jiangning, Jiangsu + -
DE318 duck Hengxi, Jiangning, Jiangsu + -
DE317 duck Hengxi, Jiangning, Jiangsu + -
DE316 duck Hengxi, Jiangning, Jiangsu + -
DE314 duck Hengxi, Jiangning, Jiangsu + -
DE313 duck Hengxi, Jiangning, Jiangsu + -
DE312 duck Hengxi, Jiangning, Jiangsu + -
DE311 duck Hengxi, Jiangning, Jiangsu + -
DE310 duck Hengxi, Jiangning, Jiangsu + -
DE308 duck Hengxi, Jiangning, Jiangsu + -
DE306 duck Hengxi, Jiangning, Jiangsu + -
DE305 duck Hengxi, Jiangning, Jiangsu + -
DE304 duck Hengxi, Jiangning, Jiangsu + -
DE303 duck Hengxi, Jiangning, Jiangsu + -
DE301 duck Hengxi, Jiangning, Jiangsu + -
DE300 duck Hengxi, Jiangning, Jiangsu + -
DE298 duck Hengxi, Jiangning, Jiangsu + -
DE297 duck Hengxi, Jiangning, Jiangsu + -
DE294 duck Hengxi, Jiangning, Jiangsu + -
(1548)
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DE290 duck Hengxi, Jiangning, Jiangsu + -
DE288 duck Hengxi, Jiangning, Jiangsu + -
DE271 duck Hanhe Town, Lai'an County, Anhui + -
DE270 duck Hanhe Town, Lai'an County, Anhui + -
DE268 duck Hanhe Town, Lai'an County, Anhui + -
DE267 duck Hanhe Town, Lai'an County, Anhui + -
DE258 duck Hanhe Town, Lai'an County, Anhui + -
DE257 duck Hanhe Town, Lai'an County, Anhui + -
DE256 duck Hanhe Town, Lai'an County, Anhui + -
DE255 duck Hanhe Town, Lai'an County, Anhui + -
DE254 duck Hanhe Town, Lai'an County, Anhui + -
DE250 duck Hanhe Town, Lai'an County, Anhui + -
DE249 duck Hanhe Town, Lai'an County, Anhui + -
DE247 duck Hanhe Town, Lai'an County, Anhui + -
DE245 duck Hanhe Town, Lai'an County, Anhui + -
DE218 duck Tongjing,Jiangning, Jiangsu + -
DE192 duck Quanjiao County, Anhui + -
DE190 duck Quanjiao County, Anhui + -
DE189 duck Quanjiao County, Anhui + -
DE188 duck Quanjiao County, Anhui + +
DE186 duck Hengxi, Jiangning, Jiangsu + -
DE171 duck Dongshan, Jiangning,Jiangsu + -
DE169 duck Dongshan, Jiangning,Jiangsu + -
DE167 duck Dongshan, Jiangning,Jiangsu + -
DE166 duck Dongshan, Jiangning,Jiangsu + -
DE160 duck Guannan, Lianyungang, Jiangsu + -
DE152 duck Presented by Huazhong Agricultural University + -
DE151 duck Presented by Huazhong Agricultural University + -
DE150 duck Presented by Huazhong Agricultural University + -
DE144 duck Shandong + -
DE143 duck Shandong + -
DE139 duck Shandong + -
DE135 duck Shandong + +
DE134 duck Shandong + +
DE124 duck He County Anhui + -
DE099 duck Liuhe Nanjing + -
DEO095 duck Liuhe Nanjing + -
DEO089 duck Liuhe Nanjing + -
DE049 duck Quanjiao County, Anhui + -
DEO040 duck He County Anhui + -
DE039 duck He County Anhui + -
DEO037 duck He County Anhui + -

3
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(ZERT 1)

DEO032 duck He County Anhui + -
DE029 duck He County Anhui + -
DEO017 duck Lishui, Jiangsu + -
DEO15 duck Lishui, Jiangsu + -
DEO013 duck Lishui, Jiangsu + -
DEO002 duck Lishui, Jiangsu + -
DEO001 duck Lishui, Jiangsu + -
CVCC491 piglets Beijing + +
CVCC(C249 cow Beijing + -
CvVCC247 cow Beijing + -
CVCC245 cow Beijing + -
CVCC244 cow Sichuan + -
CVCC241 cow Sichuan + +
CVCC240 cow Sichuan + -
CVCC221 cow France + -
CVCC215 piglets Beijing + -
CVCC204 piglets Beijing + -
CVCC198 piglets Beijing + -
CVCC196 piglets Beijing + -
CVCC195 piglets Beijing + -
CVCC1591 cow Lanzhou + -
CVCCI1553 chicken Tianjin + -
CVCC1549 cow Sichuan + —
CVCC1548 cow Sichuan + -
CVCC1546 milk calf Sichuan +

CVCC1539 yak rectum Lanzhou +

CVCCI1531 lamb Inner Mongolia +

CVCC1530 lamb Inner Mongolia + -
CVCC1529 lamb Inner Mongolia +

CVCCl1526 piglets Gaochun, Zhejiang + +
CVCC1522 piglet intestinal mucosa  Shanghai - +
CVCC1519 piglets Beijing +
CVCCI511 piglets Beijing - +
CVCC1509 piglets Beijing + -
CVCC1502 piglets Shanghai + -
CVCC1498 piglets Guangxi + -
CVCC1495 piglets Guangxi + +
CVCC1494 piglet intestinal contents  Beijing + —
CVCC1493 piglets Beijing + +
CVCC1491 piglets Beijing + +
CVCC1418 piglets Shanghai — +
CVCC1350 piglets Shanghai - +
CVCC1335 piglets Shanghai — +

+: plaque foremed; —: no plaque formed.
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