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FEE . AW a0 3% B B0 8 TRAEAR £ 75 R 691 & B RIE SR R £ 4 DN BRIEAR S A7 L0 BR AR HAR
%% 2R 32 48 & J% 4 (Actinidia chlorotic ringspot-associated virus, AcCRaV) # 5 7 t5 0L, st R & Az 4
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M EoA iz, Bah 453, £ P 8 2 B A £ B M E AcCRaV #94 k£ % 3, 4 45.0%, EM ik
X & % BrAE P AcCRaV #94#  % %AK, 4 10.0%., M % 423 4~ AcCRaV % & 4 cp 2 B 55 &%
¥ 4945 nt, RAK AR T AcCRaV 4 B L5 M2 AN, A ER XG5 F E . AcCRaV # ¢p
EASFEFEHBERBFA - (R, MEMEEEAREARRAR, K3 T 24 AcCRaV 2 &
W 771 A2 272 9 K A4 55) , RNAL1 K Z 55 A 7 049 nt F= 7 274 nt, RNA2 K & 35 % 2 266 nt, RNA3
KE A H1 691 ntF=1 696 nt, RNA4 K F 5 %] A 1 736 ntF= 1 683 nt, RNAS K& 5 #] % 1 460 nt =
1497 nt. o B4 271 F= 772 ¢4 K F 41 5 %) 55 GenBank F " — R i8 69 4% E #1 4L 4 AcCRaV o & 4
HN-6 & B 28 5 71 so 3-8 4 ZZ2 5 HN-6 49 RNA4 Bl R £ 5% 3, 4 96.0%, 2 & 4 ZZ2 5 HN-6
#9 RNA1 B R & 54K, 4 87.8%. # " AcCRaV &R BB 4 BRI E = R oA ) 2, LA 5T
TA S HBENSFH — X R,
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Abstract: To investigate the incidence and distribution of Actinidia chlorotic ringspot-associated virus
(AcCRaV) in the four major kiwifruit cultivars Xuxiang, Hayward, Huayou and Qinmei grown in
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Shaanxi Province of China, a total of 493 samples from the four regions of Shaanxi were collected for
AcCRaV detection. Their molecular variations were analyzed based on ¢p gene sequences, and tran-
scriptome sequencing was also conducted in two isolates. The results showed that AcCRaV was wide-
spread in kiwifruit in Shaanxi, with the highest detection rate in the cultivar Qinmei from Zhouzhi
County (45.0%) and the lowest in the cultivar Qinmei from Yangling (10.0%). The full-length cp gene
sequences were obtained from 23 AcCRaV isolates. The phylogenetic tree showed that these isolates
were divided into two groups, with large molecular variations. The molecular variation of AcCRaV ¢p
gene was related to different kiwifruit cultivars, but its correlation with different geographical regions
was not significant. In this study, genome sequences of two AcCRaV isolates (ZZ1 and ZZ2) were ob-
tained, with sequence lengths of 7 049 nt and 7 274 nt for RNAT1, both 2 266 nt for RNA2, 1 691 nt
and 1 696 nt for RNA3, 1 736 nt and 1 683 nt for RNA4, and 1 460 nt and 1 497 nt for RNAS, respec-
tively. The genomes of the two isolates were compared with that of the Hubei isolate HN-6, which was
the only entry from China in GenBank. Among the five RNA strands, the highest nucleotide identity
(96.0%) was observed between ZZ2 and HN-6 for RNA4, while the lowest nucleotide identity (87.8%)
was observed between ZZ2 and HN-6 for RNALI. It indicated that AcCRaV was widely distributed in the
four kiwifruit cultivars in Shaanxi, and its molecular variation was related to different kiwifruit cultivars.

Key words: kiwifruit; Actinidia chlorotic ringspot-associated virus; genome; molecular variability; Shaanxi
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TRAGE A T T M e S A ) RS TR 9 I AR Jo e A A
Y, v EDE BRI R IR oA s R H TR
Bk AR 85 AR o KL 5 i 2 1Y [ K (Ferguson &
Huang,2007) . BEAb, B0 == B A B KRR 2k E A
H A<t #5256 B A= 72 K [ (Blouin et al., 2013) o
H A, 5 AR 7= 5 iR A o 2 SR AR
Rk (ELHEZE 2L AR B IRTEAE AP R AR RRpk

(A 2L PH AR 8 4 SR 55 i A ) 2 A~ Fh (Ferguson &
Huang,2007) ., #% % 2014 4F , f SRR Ah AR 1f A1
2970 21.977 o, 27 i iR B 24 344 7 ¢, 1 v A
BERIE TR R 14.5 7 hm?, =5 2900 184 T3 t, A A
PRk B Y 53.4% (FAO,2014) . BEVE 4 23
FE] i K BRI = X, 2017 4128 i Ak Ak 15 e A
HBL 6.7 77 hm?, =5l 130 77 ¢, o5 3R E SRR
PR Y 50.0% , o tE AR BB S B9 33.3% (FAO,
2017) . EAER , Bl A BRI RR E TH AR R r K
I BEJa R HBORN & A 1 Ry S Rk 22 4 A 7 )
Pz —o BRBpkpom R iR g fa il R i
AEI BEEE HH RIS SRR IR, A T ™ H I 2 i
TR SRl 55 , EL 2 B AN PR K 25 A ML (Pearson et al.,
2011),

H 2003 4F 37 74 22 IR [ 5 | 2 ik v A e 1
YRS 3 32 5 25 74955 7 (apple stem grooving virus,
ASGV) LI , AW A kA Bk i 75 9 28 22 S (Clover
2003 ; Blouin et al., 2018; Veerakone et al.,

H T, & 58 = e B bk it s s 2

et al.,
2018) .

18 F , £ 45 6 Fh 5% B (Pearson et al., 2011 ; Chavan
et al.,2012;Blouin et al., 2013 ) Al 12 Fft £ %0 (4 e
B2 HOHT 27 35 1999 7 (Blouin et al., 2012; Chavan et
al.,2013;James & Phelan,2016) . £ & FEAR KT Hk
B 4 0 B 9 B, 2302 ASGV Bk
# A (Actinidia virus A, AcVA) Jr Bk 5% 55 B (Ac-
tinidia virus B, AcVB) CKRME Y25, 2015) AR i 5
9% B (citrus leaf blotch virus, CLBV) . B i L IE
45 AH 2¢ 9 7% (tomato necrotic spot associated virus,
TNSaV) (Wang et al., 2016) iR/ Bk w25 1 BEAH 2
Ji 7 (Actinidia chlorotic ringspot-associated virus,
AcCRaV) (Zheng et al., 2017) . 5% JIN A& 95 7 (cu-
cumber mosaic virus, CMV ) (Wang et al., 2018) . ik
M Mk 9% B 1 (Actinidia virus 1, AcV-1) (Peng et al.,
2019; Wen et al., 2019 ) F1 5544 2 X % 7% (potato virus
X,PVX)(Zhao et al.,2019) . AU A IHIHF 5 K
I, AcCRaV TERE U4 TR A SRk L mks: s 32 iy
%% 41.6%(Zhao et al.,2019) . SR I% 5K 2 78 Bk 74
B UG IRTE ARG LRk b L 0% oA S ooy
AR SR R 2R A7 B AR WARGE
AHFFE T BEPE 48 4 BRERE A R IR
i AR AZE S5 | AcCRaV 41 15 LT B R Gk
DR 3882k I T2 R TR AN [k it Al AN [
HIX 1943 B 9140 5¢ 26 1 (coat protein, CP) F& K ¥ 51
A*ﬁﬁﬁj‘?ﬁr SR, I3 A v AR
IR G E AcCRaV 43 25 ) 1) 1k L P 47, 3 i
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LI DA ZE R R, LIYI R e 74 5 oA e o 2
TSRS A 2 RSB

1 B 7

1.1 ##

HERERE : 7391 T 2018—2019 4E /Y 4—5 H L7
Bty 2= 5 (14740) JE B (1811473 MHHe X (8517%)
AT (80 107 ) RAEFR MM 7 AL 445 (HFTE |
RRER A SR TR Y AR RS AR 2836
B Rkt b 3 493 473, F-80 CARAF 7 FH o

5 : TRIzol 17 & , 35 [ Invitrogen 23 7] ; M-
MLV J2 5% 5t , 32 [ Thermo Fisher Scientific 2 7 ;
BEMLZS RARS 19 R A % 6 . pMD19-T 2144 |
KWK 1E Escherichia coli IM109 B2 S 400, H A<
TaKaRa /A 7 ;2% Tag Mastermix , 36 505 A 20 4= 9y
B A BR A 5 ok OG0 £ B8R IO &
A B EARA R A  INTPs,
DNA Marker, /152 K MBI Fermentas /A ] ; 4R 71
oS Vs VTR

{X#%: T100TM Thermal Cycler PCR Y. .Gel Doc
XR+EEWE A% 2 4t , 55 [F Bio-Rad /A ] ;5804 R =ik
2081, 785 Eppendorf /3 F] ; NanoDrop 2000c %4 i
ol AT WL 4366 1T, 9 [E Thermo Fisher Sci-
entific /A 7 ; DYCP-38C #l ki /K - H ik A%, AL 5t 7S
— R
1.2 Ak
1.2.1 A5x4 5 P AcCRaV #9 RT-PCR 44

Z: i TRIzol IR G 106 W X SR AR 1 493 {54 b
A3 IFR IO S RNA , F S 5240 mT WL e T
I S RNA MR B, e #R0 FE K T 200 ng/ul 1Y &
RNA T4 5. B pg B RNA FHBEHLAS B4
S M-MLV J 5 SEBTE 37°C 2544 T IV 60 min
A cDNA(Zhao et al.,2012). 2 Zheng et al.(2017)
B TT5 14 AcCRaV3F (5-ATCCAAGAATTCCT-
TAACAGCA-3') #il AcCRaV3R (5-TGTGCAATCA-
TGGCTTATCAGA-3') , H:- XL RE i £ 4T AcCRaV
() RT-PCR AN , FWUHA H 19 7 BER /N K 477 bp, AT
FEPTHS ¥ At R A R A PR A Rl A
o 25 pL W AK & : 2xTag MasterMix 12.5 pL ., |-
THF51 945 1 L B cDNA 1 pL RLZE7K 9.5 pL;
N PR - 94°CHAE M 3 min; 94°C 728130 s,52°C iR
K 30s,72°CHEM# 1 min, 35 KAEIH . PCR“HIZ: 1%
DR S L KR I i, B 5 A B AR AR 1 %
Z At BB A PR BR S w1 , AR fit

R S A T B AR EE -
1.2.2 AcCRaV & cp 3 B 4T EF5H7

IEFE AcCRaV 1) cp ZEH 431728 5, FEALPk %
FKEBMERO) JEE 4 X (443) Fih
7 (443 ) AR S R i 23 e iy, P i T
IR AEAL N2 L BRERE 5300 R 8.6.5 4 10, Z 1
1.2.1 J5 43 B4 B RNA I 52 5 534 /i cDNA.,
Z: il Zheng et al.(2017)fitiB %11 AcCRaV ] cp F[H
P 154 AcCCP-F (5-CGAGCTCAGTGGAAGAA-
CCACAATATT-3") il AcCCP-R(5'-CGG-GATCCAT-
GCCAAAGCCTATGCAAGG-3') , Fitli H i A Bt K
/N2 945 bp., PCR [ i iA R AR P[] 1.2.1, #3545
[) PCR =¥ 22 DNA [ 7] & gl fb J5 % 3 5
pMDI19-T A4, # A0 KT i IM109 8837 25 41 i
W4 25 PCRAGIN B4 BE P 7 g 6 b e B Rl & A ) )
HA RS w4700, B R 2 D i 3 1B
PETERE , LIARAS I —E 751 . f# ] CLUSTAL X
A% (Thompson et al., 1997) X ARWFFT AT 23 4~ .
AR 2 Fii i 5E 19 25 4~ (Zhao et al., 2019) L
NCBI F #f#) 11~ (Zheng et al.,2017) AcCRaV cp F&
K 96T L4387, 31 R MEGA 7.0 3144 LASR
AWM ERREEWN, AR EEEZRE 1 000K
(Tamura et al.,2011) .
1.2.3  AcCRaV & H48m] 5 5 547 7 i

PEBCR A i 2 B aei A AR ™ Y 2 MR
PR Ak Il b HL28 1.2.1 1 RT-PCR A6 ff 5 4% Ac-
CRaV {2 YL 2 3 FEdl , 260 BRI 9T oL ik
TPE ALY o B e 2 I8 1.2.0 J7 3k 20 0 32 BB
RNA, #R 5 B AR RNA J5 2E47 8 28, 1 Tllu-
mina HiSeq X-ten V-5 #EATI ¥ . W7 5 47T Ac-
CRaV & K 4 1% %) 43 ¥ , & 4c F§ CLC Genomics
Workbench 9.5 A 2 B I e AR A5 1 B 10 42 Sk FIG
1 F 91 5 SR 5 5 GenBank 1 2 H B A BRABA 5L
PRI HEATUC C o3BT , 25 Bl 235 SR v S5 5 i i 1A
ZH VT2 %) 15 51 5 FH Trinity program #X { (Haas et al.,
2013 ) XA VE IE 19 3 50 B A7 2 %8¢, 3R AR K R BT
), 7E NCBI U e X} BT 3R A5 1 K R BE Y 9 i 45
BLAST X, 20 314 3] 5 AcCRaV [R5 7751, 3k
% AcCRaV & [H 4 . f# ] Vector NTI 11.5 5 4 X}
AcCRaV 5& K 4 G5 W RRAEFEAT 2007, I % HAZ AT R
J7 510 B A8~ 1000 G % 2 11 22 3 R 17 91 23 391] 5 Gen-
Bank 1l — iz 16 19 3% E W L 4 AcCRaV 43 & 9
HIN-6 F R 41 4 1 18 5 51) B T 17 Gt i 2 1 28 JE 1R
JEHNHEAT EEXT AT
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2 BEREHM

2.1 BEAEERERE L AcCRaV B4 TR
TEREPT A 25 JE B A KA TR
FEIALI R BEFN A48 AR I A i b 24 S 0
F'T AcCRaV , 3K K 24.3% (B A [E] X AR HK
MR R R R, R ER JEE X

FNBL P T BRAGEBE AR & AcCRaV A H 2R 43 51l A
29.8%.27.9% .16.5% F1 13.8% , TE45 7 13 K 1% AE
P A SRRk S AP AcCRaV A& H 35351k
28.3%.26.2% 17.7% F121.1% , H e R E R %=
AP AcCRaV K H R I =, N 45.0% , fE7 %
X 02 35 i Fh | AcCRaV A H 80541, oM 10.0%
(F1),

R 1 BREBAR R IR XA BB AR R B H 2

Table 1 The incidences of Actinidia chlorotic ringspot-associated virus in tested Actinidia plants in Shaanxi Province

SRAEHD BrRpRk SR AL A it %%
Sampling site Actinidia species Total no. of samples ~ Positive no. of samples Detection rate
JEF5 # A Xuxiang 75 26 34.6
Meixian County TFIR % Hayward 40 15 37.5
1241 Huayou 26 23.1
2235 Qinmei 40 17.5
/Nt Subtotal 181 54 29.8
Jiz R #:7 Xuxiang 55 17 30.9
Zhouzhi County IR Hayward 42 11 26.2
#£41 Huayou 30 4 13.3
Z& 3% Qinmei 20 9 45.0
/Nit Subtotal 147 41 279
WX #:7# Xuxiang 25 20.0
Yangling District RS Hayward 20 15.0
1E4). Huayou 20 20.0
2% 3¢ Qinmei 20 2 10.0
/N T Subtotal 85 14 16.5
PR 57 Xuxiang 25 3 12.0
Hanzhong City TFIR % Hayward 20 3 15.0
441 Huayou 20 3 15.0
Z2 3% Qinmei 15 2 13.3
/Nt Subtotal 80 11 13.8
AT Total 493 120 24.3

2.2 AcCRaVHI p BEESFERS

MBE PR A4 23 13 BB BE AR i 38 1 2] T
K/INK 945 bp ) AcCRaV cpFEH T4, #1458 GenBank
Ja ARG AYE 540 31 MN022329~MN022351 .
F AcCRaV [ cp B[R ¥ 51 ¥4 B2 1Y) 2R G2 EAL A B i
3R 24, e 1A 5 3N A, A ST R AR
()43 B R AE A 1 21 (RAE 34l b 34 o A
(1), H AcCRaV 1 cp 2 H 43 T8 7 S EHE &b
Fifs —E K Z , b AcCRaV 7R 7 R a1 2 T
AR SRR RS VLAY 34 DA K 2 2 R 35 43
Ao AcCRaV TEMHRTE Z5 L AAENL A A EAE—
SE oA S A5 AR AR AR, AcCRaV 1)
cp TR 4y 128 S 5N ] B B B AR MR B i
2.3 EREEkAF R RANF SR

24N J) 2 BL IR TR 5 28 S 2 I 7

WHIFAS 67 992 730 5167 500 416 55751, etk Al
T 7915 43 345 31 67 825 345 167 585 620 4%
e R P A, SRR R L A TR C S, 43 AR A
1 670 640 5511 126 427 S5 ARVCHELT1 , 4351 i 5 ot
BT 2.46% F1 1.67%. K4 A VT F 5354740
BG4S 8 107 5 H117 976 4 K A BT 31, K&
4394 200~17 857 nt #1200~8 222 nt, % BLASTn
FIBLASTX L X375 T 10 £ 5 AcCRaV fE7E58 &
[EIEPE ) P30 B B, 73511 5 AcCRaV [ 5 55 RNA 7
51 RNA1~RNAS VL, 4 2 4~ AcCRaV il 243 &)
FSEILLT A, sl 44k 221 1222

AcCRaV 7} W) 271 1) RNA1~RNAS K Ji 4351
37049.2266.1691.1736.1 460 nt, GenBank & 53t 5
S5 MN022297~MN022301;530 254 ZZ2 ) RNA 1~
RNAS K347 274.2 266.1 6961 683 .1 497 nt,
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GenBank % 5% 5451y MN022302~MN022306., 43
B 271 R 272 () B AL A5 A JF ik i 3 HE
(open reading frame, ORF ) , H: 7" RNA1 ) ORF 4
AT RNA Y RNA R4 g 8 11 ; RNA2 (1) ORF i
TEWEHE FTRTIARZE 11 ; RNA3 (1) ORF 4B A e E 1
RNA4 /] ORF Ziifith 1 1~ 1 ; RNAS (1) ORF % iy
I MEEEH. 240 AcCRaV JH 24y Y 221 M 2272
5564 HN-6 73 B 91 5 25 RNA B 1 R 741

[R5 R R s 2 43 B 222 55 HN-6 [¥) RNA4,
4 96.0% , [F) 5 32 5 AR 1Y 2 43 259 272 5 HN-6 11
RNAL, } 87.8%;3 141 ES Y)Y 51> ORF Fhth i (124
FEIR P4 2Z 1], [R5 e e i & 57 5400 ZZ2 55 HN-6
f) ORF4 11 ORF5, 14 100.0% , [A] P 5 e 1% A 42
B W) 271 5 HN-6 1) ORF5 LA M 5y 5 221 5 272
) ORF5, 345 95.6%(#2) .

0.005 .

69, Meixian 1/Xuxiang/Shaanxi, China (MH457036)

84 Yangling 4/Xuxiang/Shaanxi, China (MH457049)
Yangling 3/Xuxiang/Shaanxi, China (MH457048)
Hanzhong 4/Xuxiang/Shaanxi, China (MH457034)

90— Zhouzhi 5/Xuxiang/Shaanxi, China (MH457054)
ﬁr Yangling 6/Hayward/Shaanxi, China (MN022341)
® Zhouzhi 11/Huayou/Shaanxi, China (MN022337)

75
80

100

90— ® Meixian 12/Xuxiang/Shaanxi, China (MN022345)

® Yangling 7/Qinmei/Shaanxi, China (MN022342)

Meixian 5/Xuxiang/Shaanxi, China (MH457040)

® Yangling 8/Huayou/Shaanxi, China (MN022343)

99, ® Yangling 5/Xuxiang/Shaanxi, China (MN022340)

® Zhouzhi 10/Hayward/Shaanxi, China (MN022336)
Hanzhong 2/Xuxiang/Shaanxi, China (MH457032)

100; Meixian 3/Xuxiang/Shaanxi, China (MH457038)

77

64

99

Zhouzhi 4/Xuxiang/Shaanxi, China (MH457053)

® Hanzhong 7/Xuxiang/Shaanxi, China (MN022330)
Hanzhong 3/Xuxiang/Shaanxi, China (MH457033)

® Zhouzhi 12/Huayou/Shaanxi, China (MN022338)

® Meixian 11/Xuxiang/Shaanxi, China (MN022344)

® Meixian 14/Xuxiang/Shaanxi, China (MN022347)

® Meixian 18/Hayward/Shaanxi, China (MN022351)

84

® Hanzhong 8/Huayou/Shaanxi, China (MN022331)
® Meixian 13/Xuxiang/Shaanxi, China (MN022346)
HN-6/Actinidia chinensis/Hubei, China (KT861483)

100 | Meixian 6/Xuxiang/Shaanxi, China (MH457041)
Meixian 9/Xuxiang/Shaanxi, China (MH457044)
Zhouzhi 2/Xuxiang/Shaanxi, China (MH457051)

100 — @ Hanzhong 6/Xuxiang/Shaanxi, China (MN022329)
L Hanzhong 1/Xuxiang/Shaanxi, China (MH457031)
Meixian 2/Xuxiang/Shaanxi, China (MH457037)
Meixian 8/Xuxiang/Shaanxi, China (MH457043)

Zhouzhi 3/Xuxiang/Shaanxi, China (MH457052)
® Zhouzhi 13/Qinmei/Shaanxi, China (MN022339)

98 Meixian 4/Xuxiang/Shaanxi, China (MH457039)
04 Yangling 1/Xuxiang/Shaanxi, China (MH457046)
69 Meixian 7/Xuxiang/Shaanxi, China (MH457042)
® Hanzhong 9/Qinmei/Shaanxi, China (MN022332)
74 Yangling 2/Xuxiang/Shaanxi, China (MH457047)

100 Zhouzhi 6/Xuxiang/Shaanxi, China (MH457055)

® Zhouzhi 9/Hayward/Shaanxi, China (MN022335)

¢ @ Meixian 16/Huayou/Shaanxi, China (MN022349)

89 | @ Zhouzhi 8/Hayward/Shaanxi, China (MN022334)

® Meixian 17/Hayward/Shaanxi, China (MN022350)

® Meixian 15/Qinmei/Shaanxi, China (MN022348)

72' ® Zhouzhi 7/Xuxiang/Shaanxi, China (MN022333)
100— Zhouzhi 1/Xuxiang/Shaanxi, China (MH457050)

|_|—_Hanzhong 5/Xuxiang/Shaanxi, China (MH457035)
72 Meixian 10/Xuxiang/Shaanxi, China (MH457045)

1 BT op BEF 5 LIS A M B ERR MR R B IR X R B A B 2 B R R Gt L it

Fig. 1 Phylogenetic tree of the isolates of Actinidia chlorotic ringspot-associated virus based on complete nucleotide sequences

of cp gene by using neighbor-joining method

K N B RIBIE R R 7 B A PRIk R R IR (525 ) o R SRS B A A SEIE P81, R s IR T 609% SCHF

RIEE . The description is represented as the isolate/kiwifruit variety/origin (accession number). The black dot indicates the se-

quence obtained in this study, and bootstrap values below 60% are not shown.
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Table 2 Comparison of the nucleotide and predicted amino acid sequences of Actinidia chlorotic ringspot-associated virus

771, 772, and HN-6 isolates %
J¥%1 Sequence 771 772
AT R RNAI 772 94.4
Nucleotide HN-6 90.6 87.8
RNA2 772 95.1
HN-6 93.7 93.6
RNA3 772 95.3
HN-6 91.0 92.6
RNA4 772 91.8
HN-6 92.6 96.0
RNAS 772 93.2
HN-6 94.5 93.6
BIHR MO RNA F RNA 545 i 772 99.4
Amino acid RNA-dependent RNA polymerase HN-6 97.6 97.7
W TS 772 96.7
Glycoprotein precursor protein HN-6 96.2 95.7
Kt 772 99.1
Nucleocapsid protein HN-6 97.9 98.5
B 5 37 £ 772 99.8
Membrane-located protein HN-6 99.8 100.0
fBEEH 772 95.6
Hypothetical protein HN-6 95.6 100.0
3 e AR. ARBFIEIR T 15 BLA AR IREE , B BE L Fint

AR EIRAERERTA R 2 E JH R X
AT BRAGER, 7 X AR IR AR 5
PRk S Fh - R G A T AcCRaV (A 1E I, &
I AcCRaV 7EBE VG B BRBERE ™ DX A RS 385 &, 18
$]24.3%, Zheng et al.(2017)FK4E Tt LM =
B S A RARRAE i L 43 e TR AR L SRR Ae
Bk IR B AL Rk A £ T AcCRaV
MIAEAE , HFE UARGE T AcCRaV 5 [Ei#Idb 4 HN-6 43
B LR AT S AR T AcCRaV 1A H
N 26.1%, WA E R - AcCRaVv 1Y £ it 32
9.5% , B ABIFE T AcCRaV 19K HI R AL, AL
AR PG 2t R A T 440 13 BE DL T3 IR L 1Y
T IRERRARE 5, R0 AcCRaV 7E18 T Bk 1
K 3Rk 41.8%(Zhao et al.,2019) . I 5L %
B 2 B 58 Bk 327 X AH L, AcCRaV 7E . P
BT, HIb, Zhao et al.(2019) 5 T 1Epk
V4 & BRAEBE b K Y AcCRaV 4b , 16 & Bl AcVA .
AcVB . ASGV Fl CMV 459 1 ARG HH Rl i sy . B
VYA TR f R A SRR = DX, PR R A ik A = v
o A 7 1) K BRGNS 45 A E B A B S

M AcCRaV 2 G2l e Bk B9 AE IR K , Zheng et
al. (2017) W58 & B, AcCRaV 12 4 HhAE R BERE 1) hE
R FEBERBONAREEIABE AR LR BE 5 A ik 8 1L A5 e

Ik AL B BRAERR T R LA 2] T AcCRaV Z4h, if
FEVE 22 2 B AR I A S R 21 T Ac-
CRaV. W] AcCRaV {2445 R AR AR R 2
FEAL1% . Blouin et al. (2012) F1 Zhao et al. (2019) fJf
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