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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 4, 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
(CrlIV), 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. AdDV 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 CrlV in China,
so as to lay a theoretical basis for controlling AdDV and CrlV 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. CrlV
virions were nonenveloped icosahedral-shaped particles with a diameter of 120-140 nm. A large
number of CrlV 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. CrlV 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 CrlV.[Conclusion] For the first time AdDV and CrlV were found to have been
widely spread in China.

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

% Ik % (Acheta domesticus L., house cricket) — #4T T RIS, AR, 8 N2 X 5K ki
J& T B 20 (Insecta) £ H (Orthoptera) ki BF - #8 —RUHLHE | A RAT LR gL e
(Gryllinae)™, FRWRIRJF = Foip 2, F 18 it S O AL R R AT TR . R i o
8B AJEER), TR ERA T RIRIR I AR K OB @, AK% 16-21 mm, k6
LT 2000 4F, A BRSEXTRERERAEYEEE W, HARO, RAathRE, Y .
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Y. KRSV EY), HEmERE, ik
HMHEEAR S B, e, 52
MAERY AR, AT AR, HArd
FEAH A A B, BAe b E C s TN SE
I R IR IR BT Wi

FIRIERR T ReA/E M€ R R AL, 7Eu D Al
BRSOy it B R A R RO B
KW, AR AT N IE S @ REA
A bR S K T AR B sh e
[FAFEE R e 22 5, I AR BUAE 425 A
KA REPE A T NI FL S & B A/ 45 A
JM T BEPENA, AL, R IR R iR R R
WITIRE . B HTRER . KIGFTF o . A4k
TR 45 PR LR R A HR, R
A B A G SR I R 3 1k RO D 4
JR Y 22 A TP I Bl At v o — 2B L Rk
WA A LR P Al BT B TR R S B TS B Y
W o DGR i g3 B ok Y B K R
(protein hydrolysate, PH) X T4 Jiz ik 5 % B A %
SRAVAEYEE, i BT Ak . TERR 1,1-—
TR LW (1, 1-diphenyl-2-picryIhydrazyl, DPPH)
FI L2

IR R ¢ 429 75 (Acheta domesticus densovirus,
AdDV)J& T-41/Mpi 7Rk (Parvoviridae) i A% 25 7
B} (Densovirinae), A JoHE (1) 1F — | [ i BB
DNA Ji5#:, Ef2%120 nm, F 1977 4 & I M Fi
B R 3 s e R 0 B A R sk
- F R IRERIR S TR, 45 2 MR IR 555
b3 SR PER AT . DA 1988 45 1 H % 1989 4F
FER, KER TG & — RN g,
21 4t %), AdDV FERRM AR B &P, Tt
FORFER, 9T 2004 4E 6 F . 2006 4E 7 .
2007 4F 5 A 12009 4 8 A k4T AdDV %1 .
20124712 A, AAREREI T ADDVIPL il
T 5% 1 5 R IR 22 IR e ADDV JFEU0E . SET-K
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IR i 2 3 A R AR 4 ORI R B R ], Bl R Y
WRIRARAUEL /N, NIEER, FEZ TS RER IR,
BUAEHEYE = BR, AERKHEZE, RAOHFER
i1 10-14 d; THAKIE LT RS P, HHRARE .
W 21 A 2R i O X gl A 3 i SR L 2 2 g £
JFTOL BB PRI, Rk RE
Koowln bR BRI, HESRE A
AN I NS K A 20 A LA A% N R A, 3R
A B EEIR R . . R G
=07 HR, FRE R WL ADDV L 5 IR IR Y
i

W% 158 T %2 9% 25 (cricket iridovirus, CrIV) & T
T %95 25 R (Iridoviridae) i % 7 72 J& (Iridovirus) ,
JETCHENRE A AR RRL, EHAR 2 130 nm, A
) 140-210 kb 19 XUE DNA, DNA 19 5 il 1
TN, B e 1996 4F 1 fi ==
Ermelo 11— 5 i Ml R % 3 5 373 (Kreca) 4 7 i 0%
1% (Gryllus campestris L. Fl1 Acheta domesticus L.)
A4 BRI R B T MR e, BRI 5
B TR RSB TER, DhCEEE ) M A R K
AR LG o 6P d R IR R BRI SR R ], X
PRI ) R I ARER B AR, A s S
B MR FR I 1 BB RTOL, Criv s 21
SERAFE MM E RAL A6, AEII TR, 178
RLE, B ERL EgE FE R A D
R BE 5 R 20 M i A A R b, ST T R
T O R 8 B A AR T I 4% o TR 5 I I
BT, KEER. BENZ ., R
R0 T £ A A IR B 7 A A i RO

2023 4F ERK AR, [l A S B IR IR 5 P Bl 2
RIMFRRIR KA EIET- RIS, & E &
Trit ok o INFREE PR AR AL RE 1B DR
FE R R BB L IR e S R
YREMT o R 8 6] N SR L R R IR KAt RS T
A, ABEFECE 1ok A4 20 METH AR
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DX HY ZR R R AT B 0 AR, LA B K e
FR IR, Shy il RE KRR G W0 e S T T
R 3 73 SR I B BB LR o

1A

1.1 #H#&mEKIE

AT FH ) LU JRR 5 BE R A iy XS,
XS2 o [ [ N SERR IR SR A 1 . o B A R A
i (2-3 I%) T 2024 4 8 H My [ 4 [ 45 My % % 4
B o KRR [l s Ry AR VRS, D
CAET . ARESUEFE S A BT 10 3 BRI f
DS R S A SR TR, BE TR IR R
A, BUOREJG S RVE T -20 °CoKA AT, HAx
FENG AR TR B8, ST DA EDRER R
PRI
1.2 S|¥FF5)

FHTFIR AN 095 e 8 1 im0,
51904 A e 8 RE i A T AR TR (i) 0y
ABRAFITEN WFEEF A SeqMan BT 4
B, FF7F NCBI iy BLAST HiEfT 41 Hext
1.3 ERERAERAVRRE R R

HEEHEC KENFEH T H, 5& T R
FHF ) — AR d, Bk U5 g . AR5
Iy LAY SR 5 75 1) R R AR i XS, XS2 Hr B L
B 2-3 HR BT AR S o KRR S BT 75%
CWE. JoW PBS W Th A TEE 3 I HE R,

x1 BTHRESENHNEMFESHFHIPCRIY

FeE R TEWRE KT R R A R ke . AR
KPR BYIFIEER, iR kErE e, MR T
BUE 3117 N SN 77/ 1= I = R N 4 2 A [ s
BilmiE . IEMIAREHLENEY), I E TIW EP
b, BEFARIC, —20 CCHRTEFEIT . A4 b
D) )1 ) S (1) e e A & 357 DA ) i 2R 47 BBURE e
i) o
1.4 DNA HJIZEX

] W B ZH 40 N 45 W) I A 500 plL 5xTE
Buffer, 7K _LAFEESIH . L 200 pL 21K, 7
SIMA 20 pL 10% SDS %, 5 20 pL 20 mg/mL
B K, 50 °C/KIE 2 h BL b n A ZEARF g
A (25:24:1, RFE)IRS), 4 °C,
12 000 r/min &5.0> 10 min UdE B3, TE 2 K,
PN SRR AT i (24:1, (RFRLL)IE A4
], 4°C., 12000 r/min Z5.0> 5 min W& FiG. 5
SRS A EEIR A, 4°C . 12 000 r/min B .0
5min, # W, BIA 70% ZEEpE4 2 R, fElE
T4 4 10-20 min, #&J5, SiA 30-50 pL
ddH,O L)% fi# DNA, Fi NanoDrop 43 5%t it
(ThermoFisher Scientific /v 7]) & il DNA ¥ & &
afifig, IR T-20 °C,
1.5 WRIRIFHEYEE

X WRIEAE S AT A MER . WA, il E
¥ A ¥ 18S rRNA 2 (X 3@ H 51 ¥ EUK18 (5'-
TGAGGATCCMGGTTGATYCTGCC-3') #ll MO18S3’

Table 1 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 ~ CrlV1 GGTTTCATCGATATCGCCAC 1079 [20]

(Cr1V)-dsDNA Crlv2  GAAATTGAAAAATATATGTA
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(5-CWDCBGCAGGTTCACCTAC-3') 24 ) 4
DNA H #i#z # 47 PCR §" 1% . PCR 2 i & %
(25 uL): . TUF5149(10 umol/L)4% 1 puL, 2x
Rapid Taq Master Mix (g 5% i MEREA RN i A
HFR/AH]) 125 uL, DNA1 pL, ddH,0 9.5 puL.
PCR JZ i 4&f4: 95°C 3 min; 95°C60s, 55°C
30s, 72°C60s, 35 E¥; 72°C 7 min, PCR
PR AR T AR TORR (L) IO A BR A F] LA
Sanger ¥ Y, FTASE]A945 5 SeqMan B4k
1198 . K51 A B NCBI U & A 47 kb
XF, 1B AR IR

1.6 FRERI PCR &

FIFRR B L5 1 ) iRk DNA BEf T
PCR #"1%, PCR KW AKZR (25 uL): . FiiFEsl
¥ (10 umol/L) % 0.5 uL, 2xRapid Tag Master
Mix 12.5 upL, DNA 1 pL, ddH,O 105 uL., PCR
N &AF: 95°C 3min; 95°C60s, 50°C 30s,
72°C 605, 30 AMEH; 72°C 7 min, 1% Bk
EERE KRN PCR 25
1.7 EBiREHEmEEIE

HCELAT MR B YL R Y B e XS R
BT SE A, TR BT G BRI AT A
FTE AR L F AR BY 35 FF R eI &6, PUIFF£ I,
FH TG TR 487 DA% B2 PN BE BRI 1D 1A 2 2, []
Pesct iz SO R IR EY, 430 B T 1% OsO4 ¥
WHEE, 4°CURAF. [ e RE 3 s TR 4 /R
R A R AR SEATRK . I, YR s
£} F1L % (transmission electron microscopy, TEM) Wi,

5. BB E L IR [23].
2 HERE50H

2.1 SRR £ E BRI IR R LA LR
RIEN R

WE IR I A5 AT 1A TR, 2 il AR
BE L B PR ARAR (o AT R A BB
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AT DL B AR B B A o DA O g I 1) I e
H 3 H PR BCH U ) DNA, il EAZ A
1) 18S rRNA H:[K| 138 H 51 Py 6 ik % DNA i#47
PCR #"##, 1552y 1 800 bp () &5 (18 1B), il
¥ 53 M7 % BRI IR AL G 18S rRNA 3k [H] 15 52 ik ek
(A. domesticus) 19 & X ¥ 21 AH L P 15 99.8%
(GenBank & s 5 & X95741.1), F:AG I A ] 4t
U, VR A RIERAE 60 A3, UEH H R E K
FRA TR B 0 FH TG T Ao} 0 I I 1 o Ay R R R

Xof f 5 i e R JR I W Y TR R AT A,
FRERIR MM LI5S, BRI, JHikiE . SIRE
A5 90 2T I AT DL (&1 1C), T R e R If oAk £
FLE A, 5 A DA AR R et 75 177 42 30 0 B
WA UTR (] 1D), Sy B g R e 2
22 TRERNER

Xof ML SR R AR i XS1 Al XS2 #E1T PCR
frill, Z5RWE 2 s, Hri AdDV RS
Y) %t Advp2-FIAdvp-R FlI Crlv #F 5% 51 9 X}
CrIV1/CrIV2 43514 375 2245 300 bp 5 1 000 bp
(R4 S 2T, AP ERE i o AR ARG 3] 4 S
PR . Gt —2 0T, P53 AdDV
HI 43 VP 3L 5 GenBank Hr 2012 4F M\ H 4< 43
159 ) 1 ADDV-AdIP12 (GenBank % 3% 5 Ny
KF015279.1) (1Y) VP % X AH L 1 18 99.6%, 1M
CrlV ) MCP ¥ 7 2 A /5 Bt | 5 Liz-CrIv_
USDA 2019 (GenBank 3¢5 & OK181107.1)AY
MCP K RS A B35 100.0%, 1A ikEE XS1
Fl XS2 [l I T R SRR A% B AADV G i
W EE CrIV,

2.3 AdDV # CrlV RUiESTHEM &

75 B AR AE SR AN 3 FIE 4 B, R
R IR XS v gy B I J] [l 25 2248 v %) 248 A
WA REWEERL TR, TR X,
R R DLAR B A% N R R AL IR BRI, B
2y 20 nm, % B Y LAY (Y R R Uk B 5 AT
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ealthy cricket Infected cricket

185 rRNA gene,
around 1 800 bp

El SBERES. EERARREWR. A: BRIRAES; B: BRERFEXSL, XS2 18S rRNAZEAfJPCR
P HI(UKIEM: 100 bp Plus DNA Marker; JkiE1, 2: ®EBEXS1, XS2 DNA; JkiE3: BAMEXTH); C. filtE
WRERAAE I 3 D: RO BRI YIS I (I (85 Sk s VR BITR)

Figure 1 The morphology, identification of the crickets and histopathological 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
L L |

bp N e St S O 8. D
5000
3000

2000
1 500

1 000 <—CrlV 1 000 bp

500
400
300
200

100

<— AdDV 300 bp

El2 wRERKERXSIAXS2HFEFEEHPCRI . JkiEM: 100 bp Plus DNA Marker; ki1, 4. 7:
XS1; JKif2, 5. 8: XS2; ki3, 6. 9: FAMEXIH,

Figure 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.
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fiE( 3).

R IREE XS1 g WAL an & 4 B, g
U7 A A 6 ) 20 B R SR A, R R B U S A
WA, TE LSS B HES s R 2
oA, TR, A5 N TR T EUR Y
VIR, BEARZ) 120-140 nm, S AR R R
ALY A
2.4 £ EEMXKEEEKES ADDV
Criv iyif&E

XiF SR [ 4 [ 45 b 5 IR 0 0 5 e e e i (B4
HOT R FI DLt B (74 I 0 ) P 7R Ao s A ) 435
AN 2 iR o PAS TR I Tl S (14 i e 400 5t
25-60 HORAE, AR5 A& P REALIR 10 2

BRI, 43 HIEEH DNA SEFTREIN, S5 2 B
TRo JUTAT HIIX G R IR A4l ADDV; BRI
A RIEM = FEHEAL , A 52 R IR X 47
CriV, ARFERIMZESR, 24653 i IX (91%) i) &K
IR [F] YL T AdDV Al CriV,

3 WhG LR

ARHFFE R AADV Fl CrIv T 7 Tk [ 5% ek ek
FRON T2 AT . HRIRIER IR T PR,
T T VR A IS Rl 0 S C A T 3l P 1Y
HIEEY, BRIEAS ERR AR I T k) KA
T %, M4 2009/2010 4 3 [ % 4 7 b P2 A
£, 2010 4F & [ 173 ¥ & b A i

E3 BEEREXSIF R EEFELHIESHEENE, A, C. ARIRE b 7 L 20 i i 40 i v AR
ZH T RS R EE R A HE T (VS) (FBl 5 um) (N: 4B4%); B, D: A. CIEIHBEHE X Il i) R 3l ok
NI AEAZ L B B B A AR R (VS TR A AR L) . BIRIELEIR A2 um, DIE LR A 200 nm,

DAk Frdis W AADVIRTERL 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 um, the scale bar of D is 200 nm. Arrows in D show AdDV virus

particles.
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El4 BREEEEXSIAER A ARRIESTERENE. A:
AR DI R (EEAFI R 200 nm) - 873k T4 R Crivi ks 1.

SRR IR XSTR N DT A ZH (L R 5 pm)s B 8]

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.

*2 ERE X REEEE ARSI R

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 123570, Hh Gk (5 8T T 34 £ 1) 3K o
(i 18%-29%0), ifi % T [ 2 W47k H 25 24 8%
FWRIEA B 5 | AR E IR i KB TR0 . 4K
1M, SRR AN B AL 1 55 I A 1y 3
R . R R O/ B SO MR % 7 (Acheta
domesticus mini ambidensovirus, AMADV), &%
I #R KT R 55 B (Gryllus bimaculatus nudivirus,
GbNV). Acheta dometicus volvovirus (AdVVV),
AdDV Fl CrlV 45 DNA Ji 5, LA S I i BRI
7 (cricket paralysis virus, CrPV/) Fil ik i 45 Ak 975 5
7 (Acheta dometicus iflavirus, AdIV) % RNA i
W, WREIR Y R ROl L FoR 0, Hop
AdDV FiI CrIV & Z WK IR KA SR A 7 H UL 1Y
Jal, 3l R WA S FE TR, CrIV A
JURYE S, BR TR iR R R R R
B E MR 12 (Gryllus bimaculatus) . KR YH % 5% (G.
campestris) . 75 ve gk (G, texensis) &, AL HE
By W H e R RO R YK iR (Locusta
migratoria migratorioides) Ik H E 4L 4 = /N
i3 (Blattella germanica) 1820 | L 2 jal gt G ¥ Hk
SRR A HE S P, N B — i
. AdDV B TR YL R IR L RE Rt
o, & (Gryllodes sigillatus) . & B2 (Gryllus
assimilis), ¥ K M % #% (G. bimaculatus) fil G.
locorojo “FikER , (HAUXS ZZWRIREIE, TR HAL
I R @ T LA TE R0, 19 2023 4 9 H L
oK, RPN Ll X %) R e e 7 R R e A
PRIET, HALT kIR 2 R M I ER S, il
WEL RN N ERH LA . DHE B, FRIA KR
Wk Z [l YL T AdDV Fil Criv, X E 5
IR IR B 5 R R A i i A 2 B, B )
H DX Ab R 225 M DX Y 58 R W 1 (] e sk g T
AdDV FI CrIV, #RIGAFILER, FATAN
AdDV Hi CrIV & £ 7 B N KT ARAT

XoF s 1 A e AR AT TR A ) e BT R B
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CrIV 5 i 15 - % % 0T % 5 5 B Pk Liz-CrIV_
USDA 2019 J¥# {35 100.0%, i Liz-CrlvV
Al F AR ARG R A, TECAT S R PG B
P51 KBRS Rk A, Rk HAT R
B FRE, WAE MBS YRR Yk
VR R B BT R, AR e B AR R
PR HbAG I AN ARG BE ) S8 35 I 58, XX TR R
SLAR| IR oK WR R LA K i AT 2 W 5 AR+ 43
L, DT S5 B E Hhisk 20 A 7™ 461 2 RIS
NZEE s S P AU, JF OR3P 5 SR A=
YA RS2 R E . REEIR IR R AR &
FEGY, JFTEmENRER, ERIEr—3 0
HEAPREG, PR 2 fd rh (AR Lok B R R
KRR HA B m R s R A ], e T R
RFEEREMILS, HIEMEPAREERR %
S A 118 G s JE ORGSR ZH U Y
o T % R ) 3= B A o) S - B 2R o [ AT
WAL, ZEEAE R —Fh AR PR R R, B IE
TR PRSI TCAI2E . Semberg 55 LIk
WRISAE A A AL, X LA T S A
I (real-time quantitative detection, gQPCR), i 75
AN qPCR 3 A2 W 5 28 iy A H3 BR (limits
of detection, LOD) b # # PCR /1§ LOD ik 1%
28 HE KPR B T, TR YL U
RS2 FE R IR 1 7 A (R e i [R) AR ) . 6
YR EYIAIK, DA RN GRS BT
BRIk, XEIRIEIRERIAE . AR
VBt HEA T B DU AT A TR i o
ABIFFER N 20 227> 1 X ZR R IR 2-3 134
BRI & B, ADV 5 CriV gt g 143
Wik, UL T FEUARMOR ST T KRR
w1 IS SRR L S sk A A T R
F& Ay 2020200 A g B R A I A R kR, A
SRR I /5 X5 43 AR 3 TS e 3, TR R I K 0k
BRI AET, HA DERE 9 A7 1% 2 L AU .
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SFFET- IR IR gt F i PCR Kl & B, 7 vpdy
AN EE . 1 I L R IR A 41 i HH B A
KIGER, (AR A eE, FEE RIS,
B L S TE LA 2V M AR WG 48, A T3
FURERFE T, Hadlas, HEub R ] LU &
M BT, M BRPR IR e AR S B e gy, 4R SR
PR . R e A AR o R AR
BE SRR . Ak 2E N LA K B e T A ) JER
2515 Takacs ZE(RIFFE 26 A, 755 1 1) 35 4 5 A1
T RE s Ad B R EE RGO, {E X B R R AR
ANBOL R TR AN AR ) B 328 2 57 Tl 2 flt R I e T
B 9 BB (A IR R 2 — , EL AR R B v FG AR
it e A ELA PO R AR AR FEY, T A — T
5T IR A WY REIE A 5 P o 4 TR R
B v AR el (AR, AR
TR, AdDV XFZIRER I EUR IR R, 4 2L
20 22 /AR, SEER b IX K 21 209
MR 38 M H A G5 Hb o7 R IR 5 B Ml 19 55 KA 4T
8T Criv X B kR A K e TR Y
HORIEAR K AdDV, HH S BRG] A
W98 R BR, 446 K 22 500 5% I 00 A 1N 4T T i #8577
AdDV Fl CrIV Wi s, I [ 8 A4E K1)
SREEMIRIRIIL . AdDV 5 CrIV 1E R BRER{K A
I 14 B R A SR G il R A EAR BE, DL G A
I B Q0] DBt B e R R B M B (B A5 TR
ABF5E

TEAREIN 25 BE PR PRI, A DLSR B — S
WA — MR A, By bR AR R —
S B B AR S A R ORI S R R 5, Ik
TN A X E T, 3 2 5 [ — SRRl A 7
R ADDV ] 84 SR B X 1 s =
B MILEREYUA, BPUREAH TSR
H K el B AR iR R R, AR AR R 2K
o B H YUK R S R R RNA Tk
(RNA interference, RNAI) &t T CRISPR/Cas9 &

K] 2 i 2 AR BEL TG i AR 35 IR ) R0 o T g
SR AN I R BE Y — S

AHIF ST B U AR T A ] P T SR A ) SR
HHAGE N 2] R e Ve A 7 ADDV AR B AT R 75
CriV, 33 W Fli 2 O 20 7 [ PN S ) i [X. 5% Ik ik
TR 32 A 1 5 7= A BOw B e o B R g
R FRB P R T M E A AR . A BN,
] P v A RIS 119 5 5 3 — A1 1 22 B 4 2t M i
—T JiJC. AdDV HI CrIV 1FZ R A [6) Fh i I
EH H AR R RE S A E ALY, HAE
AR R AT LI, AR XA E TS
B S [R]—FRIH I R AR G+ 0k, Xt
5 50 o R T [ ARG . ST R R
(R BE R - B, F & A8 RL 0 5 5 B i SR s ot
FIR BRI R AL TR IE AN B R, KRR
e— AN BRI 1
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