M4+ Chinese Journal of Zoology 2022, 57(6): 951 ~ 962

3 B A= 5 ISR 1 1 XS K B Ya i e

A} M M N *
HEY xp®® FREY x|RIL?®
@ AbRUMTE KA MR, EMEZ N SASTREAEEAKE=E b 100875;
@ PENRMBIREFEE SRR TR KE 300450

WE: NZERRERIE T LY, B ABEE R, IO BA ORI ARG i,
FTE R R IR 12, B AN E <A Ik, o0 T MRS A RO 1 I DA K 1 FOE B e 4 v
DI AR, WP A o B, ASCRSs T SR R TR PN E R, e EE . TR
T AR BNUEIREER TR . A FAR I S A S A 4 2 A 7 T R X IR A N SRR B 4 D 9 R
K, AHEERI X VU@ RIS, HMINERGE TR Bh A I s S A2 A0 £ |
IR B 8 F P T A5 7 T 4t 3 1 Y it

KRR FARMRNX; AR, SR WM R

FEDHKS: Q958  CHERARIRME: A XEHS: 0250-3263 (2022) 06-951-12

Analysis of Avian Disease Transmission Risk and
Prevention Measuresin China

. @ . T . @*
YAN Zheng” LIU Xiao-Yan” CHEN Xing” LIU Zhen-Jiang®
@ Ministry of Education, Key Laboratory for Biodiversity Science and Ecological Engineering,
College of Life Sciences, Beijing Normal University, Beijing 100875

(@Department of Coastal Defence Engineering of Naval Logistics Academy of Peoples Liberation Army, Tianjin - 300450, China

Abstract: Many zoonotic diseases are found in wild animals and present a serious risk to human health, in
particularly the virus carried by birds flying freely around the world is hard to control. There are three main
bird migration routes which cover the most areas of China. It is important to investigate and fully understand
the types of avian transmitted diseases in key areas on the bird migration routines and its impacts on both
birds and human health. However, no literature is available in how about the risk of virus carried by migrating
birds, and how to predict and reduce this risk of virus spreading to human being so far. In this paper, we first
reviewed the main pathogen types carried by birds, including coronaviruses, influenza viruses, parasites,
Newecastle disease virus (NDV), etc., and then discussed the spread risk of avian viruses to human being and
animals in key areas of biosafety prevention. We also analyzed and discussed the risk of cross-spread of

diseases among different bird species in nature reserves located on bird migration routes which provide
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sufficient food sources for migratory birds and attract numerous birds. Diseases transmitted by wild birds pose

a serious threat to poultry farms, where high density of poultry may become avian influenza virus (AIV)

reservoirs, cause a risk of avian influenza outbreaks. Airports are mostly built in suburban areas or remote

areas with good ecological environment. There are important transit places for bird migration and densely

populated areas, which have serious risk of disease transmission. Finally, this paper puts forward the following

prevention suggestions from three aspects. First, establish and improve the monitoring and prediction

mechanism of migratory birds, and use laser technology to prevent contact between wild birds and poultry.

Second, examine and identify virus types carried by birds in their habitats and carry out vaccination. Third,

protect the ecological environment of bird habitat, and keep wild birds in their natural habitat, so as to reduce

the contact between wild birds and human and poultry, and thus reduce the risk of virus transmission.
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B RJE IR s, BA SRR 2 A
YA AT A G, RS FIBHRR A 18 B
P 25t (Lee et al. 2014), &/ 55 1K RTE
¥, EAE B BE e 0p R A IR 5555 (Chan
et al. 2015). B A4 & RS I B Al X (T A6 TR
G ARSI RTE—E (Duff et al. 2021,
Huang et al. 2021), AN[EPF SRR
H—E 25, H AT 4 E S (Lycett et al.
2019), S REEFERTHE ST PR 790 A2 X &
WEE) (Parvez et al. 2017), K AAE T A
o 13 Bl B A 1 ST AT U, TEIM PR R % %
FERAIEGL (Bahl et al. 2013). JT4ER, 4l
FEBH I ECE B I 20 RAEEE, ZHJEANE
YL, A SRS NE LT E
R EZ — (Parvezetal. 2017).

BE 2021 4, RERILE 1491 Fh, HE
WA NAL, TSR EELL B (P&
2021). FREH ST HERRAT L HA =5, ARERER
AR E I, R, T = AEIER
LI, VA R AT AR e AR B B 2 2R T I
X, BOLAEHAR, RS, W &% B
AL SRR [ N AR IR
IKEEER AR X s R SN 5l
H SRR b P R e P o R R e R e
T ZVU)IEL ARG A, WA E PR 200
=TT VT A e A B R 7 [XOFIE M R
X PHEBEEZEEH S PEE . N SE e X

oY R R X 2 DY )1 2 R P S
BESLJE (Anser indicus) 25 K7 19 2K GEIE 1% il =
LR ML R JCIRR A, BRI S AT
o IO 27 I -9 I o7 2 1 i
HRPX, 3 ST HERS LR o R E G X
(BRF A5 1997, AR 2017). BFAESEHA
HWERECHIRE ), ATHHT LT TR IESE,
R F 1 A FAE RE QIS T 2% (Somveille
2016) . JERY S | RS RN HE 28 55 & 2K 0% [H T 1,
P EEAEAS [R] KB AR B 8] 7= A JE PR A L, e 1
T LR AIAZ R (Li et al. 2018). HARMREY
X. AFEH. Pz, B4 S0 b & 25930
WS BT % B BN N B AT KR IR
% (Lin et al. 2012, Balami et al. 2014,
Bakran-Lebl et al. 2022), {#§7[X. {EH AL
LR BRI EEM S (S HFS%
2014, FEREE 20190, [RBk, Mhnsast &285%
WAE RN KB, AR SCE BT S2RT pEad
T rbonh B R X3 AR R AR F A, 42
FH L FRIPZE 9 7 Y0 SR, DABRAIG 1 R o W AH O
b3 ) 2 o

1 B SRMERER
11 ®EWRwEF

SR EE (Coronavirus, CoVs) & —4&
FART KA IE R P B 8% RNA, H1(27 ~ 32)% 10°
MEHEH R AN, &2 KIE&E RNA
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(ribonucleic acid) 43 (Rajcani 2020). 7R
e ARG EE NRIEN I Z Fhsh ), SEE
V. PRI B R TERR (EZsE 202D, 1R
P43 BSPRTE] 1) I3 27 22 57 L RCEAN TR B R A &

GikE, HEHERREDHEZERS (The
International Committee on Taxonomy of

Viruses, ICTV) e RWITF 739 4 N, 73931
#& Alpha-CoV.Beta-CoV . Delta-CoV ! Gamma-
CoV(Woo et al. 2007), Alpha-CoV I Beta-CoV
(R RS O R G W i N SR AN AR AL B9, T
Gamma-CoV FI Delta-CoV sk it = BK YL Y
K, HWA D HURGH ALY (Woo et al. 2014,
Lau et al. 2018, Wong et al. 2019).
24 ik, BrE 15 H 30 # 108 FiifA S
Frp R IR (Wille et al. 2020). X L4
BAWW ORI SRR AR EEH
(Anseriformes). f§J£H (Charadriiformes). #5
F-H (Pelecaniformes) FIfE% H (Suliformes) %5
Ky, 5 NFEEHYHERR A YT H (Galliformes )
#97% H (Columbiformes ) F1#£ /£ H (Passeriformes)
(Chu et al. 2011, Wille et al. 2020), 2018 4F7E
WIEEE 415 RE A SR ISEREA TS E S 8
sk E B (Pica pica) [ Delta-CoV FHEFE
A, JEik UL R g 2E sy iR B, P E R
VR VA X AT RE 2 R P M X & 3K Delta-
CoV MIVETERIF (Wang et al. 2021) . FKE AR
JREREPURE FARMRL, RG A EAXR, Y
N8 A fh = A A2 UL X (Breslin et al.
1999, Cavanagh et al. 2001, 2002) . J7 34 (Gallus
gallus) 1% 4u % = <& & W 8 (infectious
bronchitis virus, IBV) JEXARPIEE, 1l 5[
MG A E PR TE B, 18 K 8 L [ A A
XK, WA GMEGMAEER (Cavanagh
2007). IBV & AMYAE b T IERIEH LR |
AR =g, el fEEATE . B RIONE
2 AR 9 5E  (Cavanagh 2007).
BEHT 2 B K3 (Meleagris gallopavo) F13A 251
(Phasianus colchicus) 535 J% H 1) 1BV, &4k
TR, IO RS & (1) )& 4 (Mardani et al.

20060 JAk, KAGEIRIFE (Turkey coronavirus,
TCoV) TE G 5|2 S IE B, 1245 1k
) TG e ML % T AT T (Kang et al.
2021),
12 WBRRE

F AR 2 (Influenza A virus, IAV)
AT 8RR 2 (Avian influenza virus,
AIV), B L HEE RNA iR, HAERER
(Chen et al. 2006) . TFAE/KE, Rl & ERH,
unZx:k K5 ( Anas platyrhynchos) . K K #5( Cygnus
cygnus) FKJE (Anser anser) %, LIKfiIE
H, t¥i@#Ey (Larus canus). HEERS (L.
crassirostris) FIiE#ERS (Qerna hirundo) %5
B N2 TAV FIRSRTE £ (Olsen et al. 2006),
X LG TE F PR B E H AR EUR PE,
7 B AT B8 2 ToFEIR A9 (Kuiken 2013, Runstadler
et al. 2013), AFFLFRM, {5 S 0] UGG R A
A B ¥ SR 7 (Jourdain et al. 2010), 1
H YK IAV HE R 0] DU 5 S 1 K AT B 2oL 1
(Lam et al. 2012, Scotch et al. 2014),

Bt W B AR AR B R G B T
B, KHUERAT IR AR TR A T
FLZH T iR (Lycett et al. 2019). BEEM ALK
BHTR, HSN1 R 8 75 R W16 5 A 1
2003 %2 2012 4 A B A 5 2K ()L 4k 6 4k (Tian
et al. 2015). 2014 FFLEFE DY I FIVL F4 48
AR T HSNS FIFFPAN A HSN6 HAHIE R,
XA HANG i RITETHE L KL (Bi et
al. 2015, Erik et al. 2015). 2 RGP 2200 by
RO, ZREREEETT ARE, WMESTT
Al A FEERE (Biet al. 2016), Hf—A
i R3KA5 T HSNI/HTNO 3 29575 10 A #8851
i B, HFHANEIEY (Zhang et al.
2016a). 2016 - 5 F7E 5 1M B A S8 Rk
Y HSN8 (QH-H5N8) Jk#E &tk (Li et al.
2017), [RIHAAE 5 A 750080 B 3 A B 1 2R ABh )
H5NS i #F (Lee et al. 2017). % 2016 4 11 H,
HH R RN R B QH-HSNS 15 5 AR AL 75 7
PR, KRG S ITAETE i B B 7 i 31 2
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£ i (Ghafouri et al. 2017, Kleyheeg et al. 2017,
Globig et al. 2018). K H A [FIH X (145 & F 4L
FE PEAF R E 36 3 A AT 36, e X AN [R] K 1
BB IR AT HE RS AR A X RE & ALV f£
B B EE R R . HINS & IEAE WM B 1
MFEHIERS T E R R, RS
TN, B S IPIGE A IE R Al R Rk
TREFDUR, 0 5 1A% 36 7 =X H I ) i T A
A%, I B R 3 P 3R L3, i im) 38
B BN R T AR K S B R K AT
FERI T BEME (Caliendo et al. 2020). AIV 7E%7
0] () A% R AN B 2H ) L AN 32 H s BR /i), 2017 4R
L5 R AR I /N B A G CAnser
fabalis) #EfHEHL%EE 1 £ HON1 A AIV
(J746), ZFMRE T AR E MK, &2
JCEAREE (BT 2020). 2018 F{EiEHE
TEEASSISERE 5 20 2t H2NT AT H2NS 7Y
BUERE, YWEBUREEREREE, 58K
R A H A BRI o E A R ) 2
PRE R I A, AR OR R (4R 5E
2019).,

H 1997 3R &R AT B X K AE &
ELCK, 2RI T RKE (kG A
JZ3S) 78 AIV AL EELER (Zhou et al.
1999, Cameron et al. 2001). 2002 4, @
BOR 28 AN AR 5 8455 HTNS i sk A e
FILEXT, KWK EHRREEEKRE T 1 FRE
A2 7K 8 A F 1) 85 I B0 B ik ( Campitelli et al.
2004). 2020 4, FELTPEE KD 2 HORREE
PHET HSNS i 8, Bl 5 75 HoAt 10 FhAS R R
(1 A2 B RN B Al B2 8 . SastAE
TR, A PANAS [F S R B Y HSNS 5 2 B B
A S N, o — b DR B E AR B A
B RMFIRKEE 2L, (Cuietal 2022).
ATV 7E37 SRS E ] A BAE 3G, X5 IE
BT e, RN ALV AR N4k
RIS N EFRE, AV FEES
ANKESKRREY), HAPpaiExaEr mriz
157 % (Kilpatrick et al. 2006, Bahl et al. 2016,

Luetal. 2017), {EVHE T MM A A& I T KEL
TTEE R HINO W5, S N TohEtR B4R
JEIR (Pantin-Jackwood et al. 2014, Jiao et al.
2018), HEEAKH 51 17— RIVGEIR, & po™
P AR EIETS (Gao et al. 2013). TAV
fF HINI. H5N1. H7N4. H7N7 1 HINO %%
Fh & LR B WY H g A 2K (Liu et al.
2013, #IERFZE 2014, Buietal 2017), X4k
EYLTE NS A e s R AL, a0 1918 4F, |
HINT JE 5 51 R K e R iiAT, 16&
JRRZ) 5000 /3 AFET: (Johnson et al. 2002);
2013 4F 2 F, TR iR ORI T N
L HTNO R 2R ], 2 UE 5 N & 3 293 (Chen
et al. 2013, Gao et al. 2013); 2016 £ 12 H,
TE ZNG RN 99 51 Hh o BT v B0 P 8 I K
H7N9 J% & (Zhou et al. 2017). [FIt, MNEFg:
T AE I N TS & I SR XU o
1.3 FHAEMAALH

B R FF A H o AR P A AR R AR R A A
25, RN B A ALEE e N A A A P A A
RRZFFAETFED AT, WRFERSAEE
L4 (de la Fuente et al. 2015). &JE (Avian
malaria ) & — FRpr HAL 36 10 5 S8 0 A 2 A U,
AEJE B (Plasmodium relictum) 5 #2357 4
BRAGRE, IR OO i e o S 8 S s A K
A E AR (Dahlin et al. 2019), K282 08
B EERTE £ —, 20 60 FRIEER R
6, AL A MRS R AL R £ A EE
FEBE 2R BT C Y HUL #E (Kolonin 2008, de la
Fuente et al. 2015). £/ H & 2417 18 b i b
K%, Hi SR LR R TR,
B R RF R g i iR A 70 i T rE
BIML 2, A [F] 9 Ji AE A 55 70 B 15 [) 58 X A% Gy
(Loss et al. 2016) . B [F &2 25 A= gL 4% N & I
BB 2 Kk, 1) I KBENS (Sreptopelia
decaocto) A Py % 45 1 [K 57 I3 i€ /& (Borrelia
garinii), 5l AWK (Lyme disease) (# &
%% 2010, Yangetal. 2015); fi5% (Bubo bubo)
A P9 485 5 VB W 4 LS % /& ( Anaplasma
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phagocytophilum), 5| 2 G449 (Anaplasmosis ),
FEEIN FHE HE XML EILT. (Li et al
20110 AL AL, #ERE 4 (Psittacosis ) (Williams
et al. 1998). & R fiXi % (Murray Valley
encephalitis, MVE) (Mackenzie et al. 2017) #Hl
i B OK O - NI I # ¢ Crimean-Congo
hemorrhagic fever) (Mancuso et al. 2019) Hit
RJEAR WA, RGPS RN RS
KPR WA JR R 2 B AR, —Fhi
KAy (Haemaphysalis longicornis) 1441
B A JE W FEAE B A LS LT H AN
], B 70 R A A LR 0 A 55 4 M S AE
H 5 =[5 8] 1T e % 4 — L (Yun et al. 2015,
Zhang et al. 2016b). B4k, X3 EVLIR4E B
L 3 95 75 51 8 1 R BpE I ARk 2> 2% G AR
(severe fever with thrombocytopenia syndrome,
SFTS) WIWFF R, "/ (Anser cygnoides)
FIERFPEN (Sreptopelia chinensis) P
t B BLm PR, R UIE A 5 SR e 7
A JE AT UG AT AR BRI B AL 3, T RN
WAL R AR P R R R A JER R (L
et al. 2016). (K, SIRIREH LML
FHELN) I, B TAEAE B,
14 FHAbRK

T3 S o S 2R A R T 2 A O ARAT 9 Ak
%2, B bR P KU, A A% G 8 78
IR . 74 Je B9 8 (West Nile virus, WNV)
A 75 B (Usutu virus, USUV) &N\ &
LB, LREFEMEWE (Kvapil et al.
20210, AIERGL N ALY, (615 3 H L
RIS 9 FREIR (Vilibic-Cavlek et al. 2019),
TRIEHLIN 3% ~ 5% (FEHIRAE 2005). 2018
LK, WNV TERGH & 3k, AR
TG RN (Kvapil et al. 2021). USUV
XF %5 (Turdus merula) A2 #K 5 ( Srix
nebulosa) 25 &K HA =BURME, EHEIEHEA
PR (Vilibi¢-Cavlek et al. 2020). #FRHN
VYA 9 BE BT % i 2 (Newcastle disease
virus, NDV), 7EEF S &3k NIk 17 (Ababneh

etal. 2012), AlIEEHMIFE Y25 5K E (Solomon
et al. 2012). TEFRE R IX IR HFIE & 1T 7
WS4y 25 10 #k NDV, Horr 4 Bk 574
5K, ZiATEHKRY] NDV AIRefEE SR
BafL 3% (Zhang et al. 2016¢). FrIs%E BT H
G Atk O 3R B 21 D R BT o

2 BB B B R X 35K

21 BRI
B R (M S B PPN AR S A o (1)

HEEAR, HarRE D& kor 82 4 LR 2K
N E R ERE AR RS X RS 2019,
W Hh 25 e S KR 7 R B ORIE, TR
HEIGRAE (FEREE 2019). HlE M H A
A S HEH I, R SR AR, I
B 5 2 KB A BT X 38, (Olsen et al. 2006
FEZVLRAP X &R Sk Bg . H A CAnser
albifrons) F1% % (Aix galericulata) %5 5 FhHy
AEIEHEK B 3 20 MRS TRIBOR AR 13 FR
B R, SIS R Az, MR
BIEK, EREAERHRTREZERN CGHEE
55 2008). TR VU EEE AR
X ¢ 15 1) B SR AR R 22—, 2005 4F 2K
IR BOR E HSNT i 2 B DL E . KRSk EY

( Larus brunnicephalus ) A1 ¥ [ ( Larus
ichthyaetus) %5928 (Liu et al. 2005); 2016 4F
H5N8 BB S BEME . A KB AR 3 Fif
9RFET (Lietal 2017). WERREH, %19
% PR gl N IR TR 4 BR AR HE 1 B L Y

(Verhagen et al. 2015, Lycett et al. 2016), %
LR X S ik & B B M AR I A B 4

(Debela et al. 20200, X T-A[F] &S [a] 55 2
AL F% S A5 21 78 73 FAR .
22 FEBEIME

B A S RAL R (1) i 45 88 R R T I R ™

BB, 150 RER SR AERE R I, HER
TGRS R K E IR S 7 £ 1) (Bahl
et al. 2016). FRFAI i FRAE L 1 & 2K P BE A
N ALV GEAEPE, AAERKRERERE (Butler
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2006). 2005 FRFIEHE KA VUITEH LN
Z—MAEMEE S (Sruthio camelus) FEFEIZRE
A HS BEREHT, KAESRERKIRES
FRHEY Se S H R RS YRR N B S aa i
TR H A W A OC (Thompson et al.
2008). HbAh, H5 BYE IR G XU 5 HE
(Ciconia ciconia). [ (Larus spp.). %A JfE
(Alopochen aegyptiaca) 25 A 1 2 i 1 47
F A% (Thompson et al. 2008). HfA4= ZRA K
BTG R B RIS S8 [RIRE s B
ALK, I EEAER 75 DMK 11 A H) ALV
Bm, KB A BRI & ALV B gL 2
FEMEZ AR, AIV LRI AR AT RE /2 XL
% (Zhang et al. 2019). KBk, fnomxf K &7
FA I B B2, H ek BT AR 1 S 1R 2 0 UG

B4 528 5 ) [ vh 3 ) B 4 A R
fikr, 7 AT A NAIAT XU, a3 5 g e 4
I, B AR S SR 7 JE B B v AR FR 4 N
AR (EWI eSS 2005). 1E22 R
A 2RO I T SR AL )
PR I T 28 9% 5 (Hepatitis E virus, HEV)
IS, SO 22 M3 B RS (Lophura
nycthemera). %3 (Balaericaregulorum). #ff
168 (Cervus nippon). F i iE ( Elaphodus
cephalophus). W fE (Ursus thibetanus).
=% (Neofelisnebulosa) 5 7 Flsh¥nl ke,
FHTE 7 AW AAMIERN S 5 22
(Zhang et al. 2008) . [AI M, & W5 h4) b i3t A7
HDRFFRI, DO N & I BT i, A
A BRI R R 3, OREE NP2 4.
23 Wl

W2 @ T ei izt X, AR
Uf, FEMEEE, EIPSMIAT, R,
W5 KEE SHATHEMRE, RS HEY
15 BCHN B0 B, 7 S ST A R 1) E B e (
HZE4 2014, XIHRVLEF 2021a). U4, FRE
HAEMNRZ G, K2 T SFRITHER R
PR 2R, A A LE K 5 A il 5 CUHIRVESE 2021
M H # A 3R A 3 8 1) 1] B a3 A A LA

R BYR RS AT, IR O T
F o 2018 HFAE H R — A E BR LI I 2
WNV Hl USUV, MR &L N i3
MR e 22K £, (EREY BE % (Bakran-
Lebl et al. 2022). Ak, SUEM S RED) = E
B )UK, Bl A S BT S R bR AE = RX
WATRE G, SRR BR RO IR T & KAt
FOILHE A5 TAE N 507 R od 3 I AL 38 XU
(Slota et al. 2011, Cyranoski 2017). JJ/>#L
N B EEL 2, OEE SRR 2R
W, B EIR BOCEE B AR 284
[ B R T S 2R A (BRMESESE 2017, XI4R
L5 202100, Wl T N B X, Ehifk
T DA P2 B, T B ORI HUR N SR A

3 HABRMEIRPIGE

31 HnEEAE SIS R

S A B R AR R R, A
I, PHBRTH KMESERE S (Beltran-Alcrudo et al.
2008) . SN L FE HEFE HI PR R A E AR, K
2 H {5 B R A AR 2 2R ] — 26 RN 1) R T B
Mo B AR A (Akesson et al. 2007), 14
AL YRR | R S ST A A
FEE M 2422 B A B 24E H (Bourouiba et al.
20100, i by - I Ge -8 AL A (susceptible-
infectious-recovered, SIR) (Kumar et al. 2020)+
Gy 1% - Y - 5y AR R (susceptible-infected-
susceptible, SIS) (Zhu et al. 2019) Fl 5 &%
fR-JEGL- VR E Y (susceptible-exposed-infectious-
recovered, SEIR) (Liuetal. 2020) %5, &L
RTIEERAE EAR  E R T R, S SN
X SLE A B L T AR, 8 R /2% (remote
sensing, RS) . {5 E R4 ( geographic
information system, GIS) . 4= ¥k & i & 4t (global
position system, GPS) S8R, . @4 Y
KITPEREIE 3T &, IAREKT. WiEE
FEAS [R b DX RIAS [ P F 2 1) 1) % T LLsd it &
G )1 R G B E R HE T 73 6T (Lemey et al.
2009, Pybus et al. 2009), XL AR FH Pigiit
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M8 25 7 B B SR s 9 /IR G, DAL T A
SEIR B RGN 20 Al . RS I A H R
T RIR WA R S KA S EORIE ALV 15
i % 26 A1 X3 (Trovdo et al. 2015). &34
TG IR YIS R R, T
HERT[A] (Hickling et al. 2006, Thackeray et al.
20100 {EABRMIEAZEE 5T, FHAIR X
FHLI 55 M CLUERA T & 2 A R IR 2 16 (]
DRt , 4 [ 25 PR 4 X AL 37y () 7 g S B s AL
O RITHEHYE, RIS RIEHMR, R
P N 65

BRI I 5 B X2 B B AR R
TWREFBU R, TR B AR B R AT s, S L
HN&ESl, B BOLF BT AR A S
PRI, BFEFRUER, BOLTE R & IR
DR A= B S 4 32 AE 98% LA L, BEREHICR
BEAIC B AR 5 28 15 R TR 928 0 1) 58 A% 3R i 5
(Elbers et al. 2021). FFEER#H 4= 528, Kl
Fe Sy, SRR R AT S fit L T
AT RS FREAEERZ L.
32 SRk R

PR A 2Ry, 0B A 5 SR i AR AE 1K
BESSALHEAT I DU AE 2 15 TRy v (e S EE . okt
W A R T shA Sent s, 42
FURIAE SIS . HAl, sl R,
41 DNBSEQ-T7 Al Illumina HiSeq 255 &
AT RS A A DU B 0 4% % DNA (Wang et al.
2019, Luetal. 20200, 75# bl TAFE 2 24
TALI O AT A SR 52, (HAR DR AL fE
FEMRA T (Kuchinski et al. 2020). N4 A
DS A S R S R I oL, PT DOl R AR B A
LIRS TIPSS: N pud=ch = o NI L SRR RSN (I
Horh o S AR AL R R 1 BARE R, R R
W7 FL A 3 8 1447 %€ (Kuchinski et al.
2020,

A G RMF E A AL ALV AT
T i 1 B LBk % (Zhang et al. 2019), K& K
P2 D B AR SRR SR R AR R R E R . &
TURRIEE VR A — i EE P AR B0 1R T V%

Kharis ¢ (2018) i i 0 i B T H 4047 5 Jk
2%, il e 9 R d A LA 7 B 8 TE 228
AERG. Rk, 485 SRR 2R K
BT S HE P R B I 45 I AE S A R P 1
BN . B BN EE RS N, RIAAN
B R LB N g A R SR b . 2017
SE, HE HING ZEER R Bk W,
Foh2e v R 08 R OR ok X 8 IR L B T B B, DA
e NS B () B AR B4R FE R (Lycett
etal. 2019). EARIRIHIG YL E (1) 32 EE A
FATFHOKIE. MHnsRmEy . HAh & DL 3R
FEZ W EEE L (Wang et al. 2014) . PUAERIZELS
KU, WEE - BAREMEPEE, ML
AN (Chen et al. 2005). P, & WX
(X FHFRTE 3 55 e e DX AR 28, I xsd BREE A 1
KR, SRR R S S b B
HIEER,
33 MEHRY

NGB ARSI IR 2 51 R BF A2
ViR R R M E R R (EH - RS )%
2015), A BEAA T B0 S R B IR A A S e N
NRAEGEIX, I8 A A PR EE AR A2 B Yy 73 1)
Bt 70 T RSN E KA B A
FRAT, xR AR A B A
B X (Yangetal. 2016). 75254 5 HuG 52
M 22 A N & AT s, s AN T
WEARAE (FHEEE 20200, F3 11K S AR
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