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BB b N TR G, LB EIRKFFGHERNIN . R (Acheta domesticus) R 7= T B &
T, HEILTFREARERMIANKE. ADV 5 CrlV £ R EF Lo mRIR, MAEKE K%
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Epidemiology of Acheta domesticus densovirus and cricket
iridovirus in China

LI Linlin'?, GUO Yutong"*, CHEN Jiawei'*, WANG Xinyue'?, FANG Kexin'?, ZENG Chengyu'?,
Danzengliexi 2, MENG Jie'?, Dilihuma-Aji'?, XU Yuxin'?, YANG Yongbo'?, YANG Hong"*"

1 School of Life Sciences, Central China Normal University, Wuhan, Hubei, China

2 Hubei Key Laboratory of Genetic Regulation and Integrative Biology, Wuhan, Hubei, China

Abstract: Acheta domesticus densovirus (AdDV) was first isolated from infected crickets in
Switzerland, 1977 and caused several outbreaks in Europe and the United States. Cricket iridovirus
(CrIV), first identified in the Netherlands in 1996, caused a high mortality rate, reduced the fertility,
and shortened the life span of infected crickets. The house cricket (Acheta domesticus), was
originated from south west Asia and introduced into China as food for reptile pets in recent
decades. AADV and CrlV are common pathogenic viruses that infect house crickets. Unveiling the
virus epidemics of house crickets becomes increasingly important with the development of the
house cricket industry.[Objective] To understand the epidemic status of AdDV and CrlIV in China,
so as to lay a theoretical basis for controlling AdDV and CrIV infections in the house cricket
industry and developing effective prevention and control measures. [Methods] Virus-specific PCR
was performed to detect pathogens of the crickets reared in farms spanning different regions of
China. The pathogens of the infected crickets were further proved by Sanger sequencing.
Transmission electron microscopy was employed to observe the virions in different tissue samples
(e.g., gut and fat body) of the infected crickets. [Results] AdDV virions were icosahedral-shaped
particles, nearly spherical, without envelope, with a diameter around 20 nm. It formed dense
chromatin regions in the nucleus of the host cell, showing typical features of densovirus. CrIV
virions were nonenveloped icosahedral-shaped particles with a diameter of 120-140 nm. A large
number of CrIV virions formed a lattice-like arrangement in the cytoplasm, which is a typical
feature of iridovirus. The virus-specific PCR detected AdDV in crickets collected from all the on-
line shops distributed in different regions of China. CrIV was also detected in crickets collected
from most (91%) of the on-line shops. The majority (91%) of detected crickets were infected with
both AdDV and CrIV. [Conclusion] For the first time AdDV and CrIV were found to have been
widely spread in China.

Keywords: Acheta domesticus; Acheta domesticus densovirus; cricket iridovirus; epidemiology

KWK IR (Acheta domesticus L., house cricket) — HEfT THIERIGEM, UT4Ed, [N 24 X5 kg
J& F B L4 (Insecta) B 3 H (Orthoptera) BRIV AL 0 — RIHLHEDT g Ao kAT LR A AL Bl
(Gryllinae)'"l, ZRERERJF = FPip W™, F 18 fit SN ORI PR BV A T T RIS . SRR A
BRI AJLZER], IRERAOCTRIBIRMHR  BARERASEE, KK 16-21 mm, k6
B ULTF 2000 4, S RGN ZIREEA YR E R, HARGOEA, BARAEHRAR, DB .
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). KIREVENEY, HEaHRP, Fikik
HHEEARS B, e, 52
MAERY AR, AT AL, HArd
R H A3 fide) 0, HAE P EE 8y TR S5E
I IR IR RO -

FURER R T BeVE M€ R RSN, TR FI
BAC A2 T B R A A AR T
LW, SRR 2eE NKpiE T S5EREA L
(AR B A B AR R s 2
[FAAFEE R fE 22 5, I AR BG4 28 A
KA R PR A T NI FLEh ki & B /45 A
F AT REPEN, AL, TEFRAH R WR R AR
UITIRE . I I . KIGATTE . M4k
BRI S B IR R AR R R AEER BT, B
T B A 0 SR I R 3 1k RO D 2 4
JR 0 % AR I Bl o o — 2 it &Kk
WRIA A LR P Al i T BT B TR R S B TS T B 1Y
DN d 2 - SR = G 7
(protein hydrolysate, PH) X T4t J7 ik % & HAG
SRAVAEYNEE, s BTt Ak . TERR 1,1-—
LT HIE (1, 1-diphenyl-2-picrylhydrazyl, DPPH)
SR

IR WK Yk 4% 94 55 (Acheta domesticus densovirus,
AdDV)J& T 40/ N FH(Parvoviridae) A R 25 V.
P (Densovirinae), hy Jo 4 IR 1 1 — - A B4
DNA Ji#E, HAAZ 20 nm, T 1977 4F 8 K M Fi
- £ R e v 43 RN 200 B AL 4R TG
I FEEIRERIR ST, 45 2 MR IR 555
Mr i KPR AT o N 1988 4F 1 H & 1989 4F
HR, FEEREHY R K — RN F,
21 229, AdDV 7ERRINBER 2 & 9%, Jo
R, 49T 2004 4E 6 H . 2006 4E 7 A .
2007 4F 5 H F12009 4F 8 H &4 T AdADV 15 .
2012 4F 12 A, HAEWREI T ADDVIL, #il
T 7 1) R R IR 25 5 I e AdDV 8058, JET-K
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IR ek 2 A v A 4 HOR IR o Bl R e iy
WRIRAAAE N, ATGER, FEZ RIS REB IR,
ICAEMEME R/, RS, AR/ AE
i1 10-14 d; HAEIL TR WP, HBAE .
U8 21 2R O Mg e s Y e A e 1
IEToe Wi s R, 1SR UE L
B s bRz BRWIA, JUHOR T IR A B
NG B R B 40 B A LA KA AL TR, R
R H R FENR TR . Pl . R D E
U BT, FRE M AN ADDV R YL R IR
i

IR 158 T R 9% 8% (cricket iridovirus, CrIV)J& T
WL 9 5 B (Iridoviridae) M1 % 9 73 J& (Iridovirus),,
JETCHERER) — AR, A2 130 nm, £
2 140-210 kb (9 XLEE DNA, DNA (& il if
TN, BB 5E. 1996 - 7EM =
Ermelo 1) — 5 i I R R 55 51 37 (Kreca) 14 ) A ik
W% (Gryllus campestris L. Fll Acheta domesticus L.)
& dUR S H A B T AT R e R, RIS
LT R RSB T A, AR B ) A i ROR
ARG . X IR ER AR LAY R I, X
PR IR (4 B U AR T S I, i o
KA R TR ) ALRE AR CrIV g 3
SRR MM E 2R A6, B TR, 178
R, BEOFRAEN, HEAKFEERELED
MR R s % 240 v 40 e 5 v, 357 1 3
5 ) URLAR G B & AR BE T 2% . 76 5 1 34
BaRpy T AEER, BEIUZE .. IR
I I 240 e - R S B B A R )

2023 AR EKLIK, [ PN 5 Rk R 1 Rl 2
RIRFWEBE R EICT MG, &R EH WA
Tefisk o DAFRGE P 8 AR FE RIS DR T
SR BRI FA AL e vk, HEI 28 1 i 5 |
FRPEIR o SR [ N SR R R R R A B AE T
A, ABFFEICE 7ok A2 20 AT ER



M F | R AR, 2025, 65(2)

799

DX HY ZR R R AT B SR, LA A K i
FR IR, Shy il RE KRR G W0 e S T T
R 7 773 SR I B BB LR,

1A

1.1 #HEEKIE

AT FH ) LR JR 5 BE R A iy XS
XS2 ok A B N R IR IR IR . T A R R A
i (2=3 #%) T 2024 4F 8 A g H 4 [ 45 M bk % 4
BRI E o RS Wk b g [l B oy AR VRS, D
EAET o MRS AR S BEALE 10 iR g
FIAUDBUR RS TP A SET BRI, BB T RRIRHL
Ay, BUOREJG S BV E F-20 °COKA AT, HiAsx
FET R IR 8 3R U8, 0T AT RRER R
ISR
1.2 5|45

FHFR s8R 04 5 P81 ange 1 pomt>2021,
51904 A e 8 e iR A T AR TR (i) 0y
B IRAFISERL 455 SeqMan 5445 % 4
#%, J7F NCBI Ay BLAST HiEfTE41 Hext
1.3 ERERAE R AVRRE R R

HERHEC KANMH TH, 9E T HAL
FHF i — AR dh, Bk U5 . AR5
Iy MUY SRR 75 1 R R AR B XS1, XS2 B L
B 2-3 HmREE TS KRR SR E T 75%
LM, JCWH PBS WA TR 3 IR R R
F1 ATHRSHRNNESMHSHFHPCRSY
Table 1

SRR, AETEORE KT O BT A R R
SLFARBYBIFIEHS, MACKEEE, MEs T
PULE 3117 N N 77 (= I =R N 22 2 A [ A
BilmiE . IRMIAREHLENEY), I E TIH EP
rh, BEFARIC, —20 CCHRTEFET . A4 b
DXR) 5 ) S 178 e I A 359 LA (W) 3 1A BURE B
il
1.4 DNA BJ$2EL

] W B ZH 40N 45 ) A 500 pL 5XTE
Buffer, K FAFEESIH . B 200 L 219, 47
SIANA 20 uL 10% SDS ##, 5 20 pL 20 mg/mL
FEARE K, 50°CKH 2h Pl E, InAZEAREIE:
A5 Sk 5:24:1, ERBI)IRA], 4 °C,
12 000 r/min 5.0> 10 min W4 B3, TE 2 1k,
FEINASEARFUGA S SR (24: 1, RFH)IRAYY
A), 4°C. 12000 r/min B0 5 min IWE FiE. 5
SR SN EEIR A, 4°C. 12 000 r/min 2.0
S5min, F L7, A 70% CBERG 2 Ik, I8
T48m ET4 10-20 min, )5, A 30-50 pL
ddH,O DL¥%§f# DNA, H] NanoDrop 43606 JE i
(ThermoFisher Scientific 2% F]) K ll DNA ¥ & &
afifiz, IRAFT-20 °C,
1.5 WRAEMMEEE

X WRIEAE AT A MER . R,
¥ A W) 18S tRNA (K 3@ H 51 ¥ EUKIS (5'-
TGAGGATCCMGGTTGATYCTGCC-3") I MO18S3’

PCR primers used to screen specific cricket viruses

Virus target Gene target Primers  Primer sequences (5—3') Amplicon  References
size (bp)

Acheta domesticus densovirus Capsid protein Advp2-F  CGTAACCCGGATTATCT 304 [3]

(AdDV)-ssDNA Advp-R  GGTCTTGCTACTCTAAATC

Acheta domesticus virus Capsid protein AdVF CAGCCATTCCTAATCCAGG 356 [21]

(AdV)-ssDNA AdVR  GTGTGCACGCACAATGGG

Cricket iridovirus Major capsid protein ~ CrIV1 GGTTTCATCGATATCGCCAC 1079 [20]

(CrlV)-dsDNA CrlV2  GAAATTGAAAAATATATGTA

http://journals.im.ac.cn/actamicrocn
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(5'-CWDCBGCAGGTTCACCTAC-3") 3, D) &
DNA JHi#R # 4T PCR ¥4 . PCR & W1k &
25 uL): E. FHESI¥(10 pmol/L)4% 1 pL, 2x
Rapid Tag Master Mix (Fd 5% i MERE A= Y RHEE Iy
FBR/ A 12.5 uL, DNA 1 pL, ddH,0 9.5 pL,
PCR JZ W 44 : 95 °C 3 min; 95°C 60's, 55°C
30s, 72°C60s, 35 MEFF; 72 °C 7min, PCR
7R AR AR TR () B A R E LA
Sanger LY, i3 RIM4E R SeqMan F ik
TTom%E . F 755 A 2] NCBI B4 P2 #E 1 7 E
XF, 1B EAR IR E B .

1.6 FREHI PCR &

F e R R S S | Xt Bk kiR DNA 9547
PCR #"14, PCR WA (25 uL): . TiFE5I
¥ (10 umol/L) % 0.5 uL, 2xRapid Tag Master
Mix 12.5 uL, DNA I pL, ddH,O 10.5 pL, PCR
KA. 95°C 3 min; 95°C 60s, 50°C30s,
72°C 60s, 30 PMEHR; 72°C 7 min, 1% B0
EEREFL KA PCR 45
1.7 ERSRHEFEMAVEIE

HCELA SR P R A IR A R XST HE
BT AR, TR T X R AT
FATCTE ARk F AR BY By JFwR B I &6, PUF R Kz,
FH TG T Bo 1 N e N BEPR UG I AR 0 21, [m] B
Pesct iz ORI EY, 430 T 1% OsO4 ¥
W, 4 °CORAF. e RE G A IR YRR
EYBHECA R A RIS TR . 3 Y MaE
% B 4% (transmission electron microscopy, TEM) I
g2, HUBEHIRE T IR I SR 23]

2 EREQH

2.1 ERERIFE) L E A1 B PR R A LA R
TRIEN R

WE IR I A5 AT 1A TR, 200 i AR
BE, B PR ARAR (. A7 R A R
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AT L B AR B J e A o DA IO ) S ) 0 e
HE 3 H I PR BCH U Y DNA, il B A
Py 18S rRNA H:X 138 H 51 Py 6T ik % DNA #47
PCR ¥4, 15525 1 800 bp 1757 (& 1B). M
FF A3 A 22 PRIGR IR AL B ) 18S rRNA FE [R5 SR ik ik
(A. domesticus) 1) %& K ¥ 1) A 0L P4 &5 99.8%
(GenBank % 55 & X95741.1), 4G I AS [m] it
W, R A BREREE S 60 434S, ULHI HATE AN K
FUREFRFE B T QS e} ot ot el kg R IR e

X 5 i e A JR I Mo T R A T A,
FRERER MM IE S, RN, JHiLiE . SIRE
LA T T AT UL (& 1C), i JE%s R ek I 9K B
FLE L, BRI PR KB B 1M 2 9 O 3
WA R (& 1D), Ry B Y T 0 BRIk ),
22 REWNER

Xof B SR R R B i XS I XS2 $EFT PCR
R, 5 RE 2 frs, Hd AdDV ff R
Y X%F Advp2-F/Advp-R Fl CrIV 4§ 5 5| ¥ Xt
CrIV1/CrIV2 4353 #5453 24 300 bp 5 1 000 bp
RS 27T, B X HERE i v R A T 21 4 S
YRR . gt — 2y, PSR AdDV
(3843 VP 3 5 GenBank 1 2012 4E M\ A A< 43
B 15 #| i AdDV-AdJP12 (GenBank % 5% 5 N
KF015279.1) ) VP & [ AH &L 35 99.6%, i
CrIV By MCP ¥ 43 5 K 7 Be Wl 5 Liz-CrIvV_
USDA 2019 (GenBank & 3¢5 & OK181107.1)f
MCP F P FIAR M 100.0%, 1A ERER XS1
F1 XS2 [F] A B T RR IR M A2 B AADV Flg i
WO CrlIV,
2.3 AdDV 1 CrIV B)iE ST EN

7 B AR A SR AN 3 RN 4 B, R
SR IR X ST H fizp S HC T Bl 2H 27 48 i v ) 48 i A
WA REWEERL R, TR g mx,
TR S R DL AR B A% N R AR IR BRI, HAR
24 20 nm, % B SR G R R U A% N 7 AR
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ealthy cricket Infected cricket

_I18S rRNA gene,
around 1 800 bp

Bl ERERRORTS. £ERBNRENE. A %%E‘J%?&; B: WREEFEFXS], XS2 18S rRNAKHAYPCR
P14 (VKIEM: 100 bp Plus DNA Marker; JkiE1. 2: BEEKXS1. XS2 DNA; KiH3: FTEXTHR); C. f@5E
WREREIE S ; D @ﬁ%ﬂ%ﬂ@HE%(E@%’?%ETK?E%Q%&H

Figure 1 The morphology, identification of the crickets and hlstopathological observation. A: The morphology
of crickets; B: PCR amplification of crickets XS1, XS2 18S rRNA gene (Lane M: 100 bp Plus DNA Marker;
Lanes 1, 2: Crickets XS1, XS2 DNA; Lane 3: Negative control); C: The abdominal cavity of healthy cricket;

D: The abdominal cavity of infected cricket (the blue arrows show tissues with iridescence).

AdVF/AdVR Advp2-F/Advp-R CrIV1/CrIV2
1 L 1

r 1 I 1 I : |

bp M 1 2 3 4 5 6 7 8 9

5000

3000

2000
1500

1000

<—CrIV 1 000 bp

500
400

300
200

100

<— AdDV 300 bp

EZ BRI AL RXS1FXS2H HHEFRPCRY 1. JKiEM: 100 bp Plus DNA Marker; JKiE1. 4. 7:
; VKiH2, 5. 8: XS2; Jkifi3. 6. 9: FAMEXTH.

Flgure 2 PCR amplification of viral genes in cricket samples XS1 and XS2. Lane M: 100 bp Plus DNA Marker;

Lanes 1, 4, 7: XS1; Lanes 2, 5, 8: XS2; Lanes 3, 6, 9: Negative control.

http://journals.im.ac.cn/actamicrocn
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fiE(#] 3). WRIER 35 I DNA SEATAS N, S50 2 B

R ERIEE XS1 AR R anE 4 iR, B
I /A 24 P P 200 BSR4
MY, BRI I HES ; Rk 2
TR, JCRERE, ST N R T EUR Y
VIR, EARZ) 120-140 nm, SRR
BV AL
24 ZEZMXRBLEE S AIDV F
CrlV HiAE

X R [ 4 ) 45 b SR IR R ) 5 R e i (FL 4
BUT I e (L) At R 114 0 ) Py 19 o g 2 ARG 0 45
TR 2 From o DS [R] I I SEE g i e 4 bt
25-60 FURAE, BRSNS FE S R BEHLE 10 5

TN T MK R SR R A 4 AdDV; BRIRIAL
A REM G REMESS, AW G Kk i 3
CrIV, MRAERIMEESR, 4 RH I X (91%) K
IR [F YL T AdDV il CrlV,

3 HhE LR

KHFFE R AdDV Hl CrIV T 7 T [ 5% ek ek
FEIEA A 2 AT . RARERIE TR W, R
T T VR AG 2IS Rl 0 S CA T 3l 0 1
HIEEY, BRI ERR AR I T b KA
T %, MR 2009/2010 4 3% [ % 4 7= 5 Ur 23 1
£, 2010 4FE € EH RT3 Y & b i A i

E3 BRBEXSIHE LA EREEAMBESERINE. A, C: ElkER bR 4 a2 b R
ZHFBEUR RN R AT (VS) (LB S pm) (N: 4iffi1%); B, D: AL CIEIH BAE X i J TR OKR
R AR L T O AR T AR SR I (VS . TR AR SRR . BIEIEEBIR D2 um, DI LA R 200 nm,

DIk T8 AAD VIR #EKL T

Figure 3  Observation of the midgut and surrounding tissues of infected cricket XS1 with transmission electron

microscope. A, C: There were many dense virogenic stroma (VS) in the nuclei of infected cricket midgut and

surrounding tissue cells (scale bar: 5 um) (N: Nucleus); B, D: The enlargement of black frames of A and C (VS:

Virogenic stroma). The scale bar of B is 2 pum, the scale bar of D is 200 nm. Arrows in D show AdDV virus

particles.
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Eld4 BREEEEXSIAERAEALRREHBRENE. A LNREXSIH AT ARAL (LBIRAS um); B: &
AZBHE XA (LR 200 nm). #73k BrE W CrIVIR#ER T

Figure 4 Observation of the fat body of infected cricket XS1 with transmission electron microscope. A: The fat
body tissues of infected cricket XS1 (scale bar: 5 um); B: The enlargement of the black frame of A (scale bar:
200 nm). Arrows show CrlV virus particles.

xR2 EAR XIS RRIREEINLER
Table 2 The investigation results of two viruses in house cricket samples collected from different regions of
China

Region Number of crickets Positive rate of viruses (%)
Total Tested AdDV CrlV
Shanghai 60 10 80 60
Beijing 25 10 80 80
Tianjing 60 10 60 90
Xingtai, Hebei 59 10 60 30
Shijiazhuang, Hebei 60 10 80 0
Shenyang, Liaoning 30 10 80 60
Qingdao, Shandong 60 10 100 100
Zhoukou, Henan 58 10 90 80
Xian, Shanxi 60 10 100 50
Hefei, Anhui 25 10 100 50
Nanchang, Jiangxi 60 10 60 90
Xiamen, Fujian 60 10 80 70
Hangzhou, Zhejiang 30 10 90 80
Wuxi, Jiangsu 60 10 90 90
Yancheng, Jiangsu 60 10 100 30
Yichang, Hubei 60 10 80 20
Changsha, Hunan 60 10 70 90
Chengdu, Sichuan 60 10 40 40
Foshan, Guangdong 60 10 90 60
Guangzhou, Guangdong 50 10 100 100
Guilin, Guangxi 60 10 80 70
Haikou, Hainan 50 10 80 60
Chuxiong, Yunnan 60 10 100 0

http://journals.im.ac.cn/actamicrocn
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6.5 1¢3ETT, Hrh ok 5 e T sh ) &Y e K it
(1 18%-29%". Fifi % F& AT Ik H 45 24 5%
IR i 5 | AT I IT 0 R SR 5 . 9K
1M, ZEERIRNT AN B AL 1 55 [ 1y &
MR . R BRI W LR IR B (Acheta
domesticus mini ambidensovirus, AAMADV), %
1 M FT R 95 BF (Gryllus bimaculatus nudivirus,
GbNV). Acheta dometicus volvovirus (AdVVV),
AdDV Fl CrIV 4 DNA JiEE, LA S BRI BRI
77 (cricket paralysis virus, CrPV) F1I% 5% 21 Ak Sk Jk
#F (Acheta dometicus iflavirus, AdIV) % RNA g
T, MIRBIER Y R AR IR B BORPO, Hop,
AdDV FI CrIV S 5 BRI KRR TR 7 P UL Y
TR, AR R AT, CrlV B
JUHYAE FIEHE R TR R R L SRR
T BE SR R R (Gryllus bimaculatus) . WX ERER (G.
campestris) . 15y 5= HTERIR(G. texensis)5, LHE
By W B e R B HE K IR (Locusta
migratoria migratorioides)FNEE W H B A AnfE = /)N
% (Blattella germanica) 5820, FL 2 YL o H5 Mk
SRS A HE S P, I B — i %
4fE 8. AdDV BR TR KRR, Rkt
% (Gryllodes sigillatus) & W (Gryllus
assimilis), T B B W& #8 (G. bimaculatus) Fl G.
locorojo SFWRIR | (HAUXT RAEREEESE, i x) HiAth
R S D NC g B AR TE R PO B 2023 4F 9 T LU
e, ] PN S Sl X e R S i 37 Y BIOR e AK 00
WRAET:, HALT WRIRZRINIE I, 5]
MEEHH N TR WAL . SRR B, Rk
g R Z [RlHH B T AADV Ml CrIV, Xt [ Py 32 %
FR R B 5 R A i i R A A B, BRA
Hi DX AE R 22 85 M DX Y 58 ik i 1 ] isp Rk e 1
AdDV Fl CrIV., HRAEABITERIEESE, TATIA N
AdDV HI CrlV B 245 E N R FRRAT .

XF PRI FE A e 8 R 20 R A 0 e i R B
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CrlV 5 i 15 - &% % 4T % %% 5 5 #K Liz-CrIV_
USDA 2019 F#IAHM: A 100.0%, T Liz-CrIV
AIIE R F ARG B B, TR CAT B ) R AT 3
P s | L pwt>l, BRIz Ah, Rk A 5
B FRMAE, AR YRR E YR
TR K IR 227 ik, iR AR R IR
P ARG DU RN AL T I 8 T 58, X0 TR
S 57 G R M LA KA T s 2 W S RS D -
B, N e A B R ek 2 £ 7 43 R R AT T
AN S sh P A, IR 5 B A
YT PR IR F . K BRI 2 AR 4
PGS, FAEmERFLR, 1B FEE R — 5
HEAREE, UL ZE0E A Lok A R L4l 4t
TR EA T m R d s AL ], 3 T &8
RFEBREEILS, B PR ER 2 %
S A 118 & 0 i ORL, T R R ZH e Y
o B A% I WU = B O o) B Sy - R o i) AR
UbAh, FEME R —RIERE IR AR, BE
FRMBE PRSI TCAIZ M. Semberg 55 LR
WRSEAH B A A A RE X FLHEAT SR S A
I (real-time quantitative detection, qPCR), fii 15
FAAS QPCR J3 BT FNEE A2 W7 52 (1A K H PR (limits
of detection, LOD) kb # # PCR /1§ LOD 1k 1%
28 TR R M FR It b, TR B 1 H UL
KR T2 SRR R A R (R )2 AR L) . 26
SUE YRR, LR = R R G BT Y
FRE, Nk, X IR RIS . PR E
PBRts HEA T BRI W AT I 1%

AMHFEXT E A 20 27 b X IR IR 2-3 3 4))
AR AL, AdDV 5 CrIV BRI 43
Heid, UL o B UBRRCR S T R R g
Hh T K TR 7 1 e S e At o A7 7 T Rk
L H 2021260 AR TSR I B A SRR, Fe 4]
WORE RGN J5 38 4 FE AR 35 T Ao s, 7 JAl N R R
PR IET, HA /D ERE NS A7 16 21 ki R
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SFFET- KRR gt F ) PCR Kl & B, 7 vpdy
TR . T X SRR IR AR 4l ) A
KGR, (HA AR AT, BEE R,
o TR S AR LA SUAN M N AT 0, BT 3K
FIRERFET . HEdRIE, HoLe K2 nl LIilos &
M ZTH , MR G A B I, L dE SR
PR . AT A SR E . IR
ISR Al I A B SR e TR A i
2 Takacs 25 HUMFIT Fe W, 5 A1) 37 4 B AN
T B S (0 B T R, (R X SRR R 5 i AR
ANGOL R TR AN AR 11 B 328 25 S T 2 ft R AR o i
59 SRR B 0 14 SR IR 22—, Bl AR R B e P A
it B B AU B R AR B E IR, A — 30
KT SRR IR A WA T (0 B 9 8 3 5 TR R
EL5E AR A7 e (AR, B M
FERIL, AADV XTZRIRERBORMERTE, 58
20 th2e £ /AR, SERRr b IX K 21 404
KK, 36 K H AR 55 Hb 5% 0% 1o 35 50 b 1) 55 K P 4T
AT CrIV % E R A b R
FORTEA K AADV, % FEFR RG0S, A
W R I, 45 K 2 F G 0% e A P #4 [) Bl 465
AdDV I CrIV WA 8, I [ B2 AR KT
IRAEMIRIREIE, AdDV 5 CrlV 75 ERIR{A P
(1) 348 B 2 AH B S8 e id SR A BAR E, DL RGP R
973 7 AT DA Bt SRR e 2 i A BOBE R A TR
ABF5E

PRSI 25 1E PR I, AT DR — 2R
AR — bR AL, B ke A aEtY; —
JENE F AR R A R R R A T R SR, Ok
o LA b D 11, 3300 58 B — Rk A/l 7E
FHRIE K YY AdADV B 5% SR B 7 X 1 it 7y =
SEEBEAIE EREEPOAR, BPUARE A TR 3R
(7K H B AL TR R LR AR R K,
WHE B BEYURER M R, R RNA Tk
(RNA interference, RNAi)zF& T CRISPR/Cas9 it

PR i AR BEL T8 A 35 PR ) 36000, T i
SR A I IR R 1 — SR S

EN T WNER € SRS NERN B P L 2
HAG U 2] R RV AR B AADV FIR IR AT R 7
CrIV, I Fips 2 £ 2 7F [ N A 5] 3l (X 5% Ik ok
HEUR T 02 A1 9T 7 A SO B e 5 e B g
WFRFH P RE R T M E SR . A BN,
] A o A RBE  35% 5 1— 4F 1 22 B B0 R R 1o
—TH JiJC. AdDV I CrIV 1EZ R 6] Fh R 11
H# A ARAR RAARA S HE ALY, HAE
AP B RATLZ B, AR X A8 TE
B2 — R R IR LG ik, X
SRR I T N ARG . S R
(s BRI =B, R A AR B 7 YA SR I X
IR IR [ RIS AL R 5 AN B LE R, SRR
Re—ATEEWRFIE T
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