Jof A B U 2#4R Chinese Journal of Applied Entomology

2023, 60(2): 315-322.

%%‘%‘%%‘%‘%%%‘Q}

? FI'J pi=] 'ﬁ?ir U

BB B EW R L. REMKE

T S

ChEBRABE ST T, ARl U H BRE LR G BT S [ X A 508 %, Jbat 100101)

LU PRI BT U o W A A 1 A )~ S S M
T LA P HE T ) R TR A, T R M SR A 2 R B o 0 R A B R A 1 Mt HRURE SR e R v i 39 A
., HBEFEI 48 50 RAF, IEARRIAG T — RN E BRI MR . ASCHIE T RERE BRI HEAE SRR
DA i 0 R SR A5 B RN R A SR AR 5 RGELA TR I BER S BR DI IR , (AR AL S I 45
FL A BEASIN 55 47 D SRS 5 Hﬁé%ﬁ?aiiﬁi%zh@%?ﬁ%ﬁfﬂ’ﬂ%Fﬁ'ﬁfmé\%@ﬁé%%ﬁﬁ% AR LH
BT o is BORESR A B A AR B J5 1) 5 LA R

KR R WE; T R P

B OE I HORMUBOR G5 Y 9RO

Progressin research on thelocust aggregation pheromone

GUO Xiao-Jiao~ KANGLe

(State Key Laboratory of Integrated Management of Pest Insects and Rodents, Institute of Zoology,
Chinese Academy of Sciences, Beijing 100101, China)

Abstract Locust plagues continue to pose a major threat to global agriculture, the economy and the environment. These
plagues arise when locusts change from the solitary to the gregarious phase. An aggregation pheromone is considered to play a
critical role in this transition and has been the subject of research for over 50 years. This paper briefly describes the
characteristics of the locust aggregation pheromone and reviews recent progress in research, including recent breakthroughsin
compound identification, electrophysiological recording and behavioral assays. The shortcomings and limitations of past
research, and requirements for the identification and verification of the aggregation pheromone in current research, are also discussed.
Finally, prospects for future research and the application of the locust aggregation pheromone to locust prevention are outlined.
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SIYIRERAE AR A A, X B A
FEMERT B REEZ X (Parrish and Edelstein-
Keshet, 1999 ). ol SR 5 2 A5 5 E'/MZIS‘ﬁ
ARE AR EAER , 83X B i 2R (5 B
S 5T MEZ RGBSR, MiGfb#EE . i
B fbdE LA K Wr % (Bradbury et al., 1998 ).
o255 DA S i | AR HRHE K | ZERRmsT ]
A OB 2 BN A2 ' BRI S fﬁﬁlﬂ/\
(N e I X (Y =0 e S ke 2 SN

* P BhIH Supported projects:
** 4 {EH First author, E-mail:
*** 50 # Corresponding author, E-mail :

guoxj @ioz.ac.cn
lkang@ioz.ac.cn

Wk H 1) Received: 2022-12-02; %3 H Y Accepted: 2023-03-02

EZK HRFL2EE AT H (32070484 )

B e A A an & b U A B % ( Carde and
Bell, 1995; Carde and Minks, 1997; Dicke and
Grostal, 2001) A5 BAE 8 P 5 5 Y BT Rl PR
FE BAL 5 ( Semiochemicals), TMifigisi5 &
ﬁl‘ﬁiﬁ/ﬁiﬂ’ﬂﬂ' WIS WA RFRGE R R
( Aggregation pheromones ), 5 s 4121 B s %
28 ML, HECAE ) BB Z R FEAR BARAE R R
HEMERGEBZENIEA SR R aiF AR T
iﬁi%ﬁ\ WA, . fHE . SEE . ok
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WH., BEHE . S5 EH . BEEE . 258 H DL
B H% (Wertheimet al., 2005 ),

HA R R N UL LB RG SR 5T
HONTRARY B M — R e e R SR A
T LI R TR AN, | PRI 2 AL ik KR
W AT MARAS LB, WATHZEMFLE L
NP A O HL] . 8 LAY 7Y (Phase) FAHE
&2 Uvraov 7£ 1921 4E%f Locusta J& A& IE R
Y, fih & PR Locusta migratoria 55 Locusta danica
53 SR A — > e B SR N80 A i v 2 1
PIFRES, TCIS SR B AN RS A B N T BB S5
TR R 2 DA B r ()RS 2 T DA ] B o B
HAHE M (Uvarov, 1921), 40 4EJ5, Uvraov
E— 583 T R Z RS, A ST iR
T 8 ( Gregarious phase ) 5 1 ( Solitarious
phase ), Jf-4 W1l i RIS S f R — NS . Al

1966 ), FET MBS, 2 )5 KE M
71N L DA 2R o) A A SR R R Y
HEEY AL BRI 6 MR 17
Pt b % LA 2 RIBI4: (Song, 2005 ), Hp
TRig 5 VPR Schistocerca gregaria S g 0t g Al
SR AR RN, 46 K 2RI 58 245 SR F L # 2
LT TR YD TG AR Y o A G R A )
o7k, A BT, o FALHI S C i R LRk
1318 ( Pener and Simpson, 2009; Wang and Kang,
2014 ), AHXFREFF AT AR SR A 1R 2R,
IR RE AL . B AL . MERE . FREOK SR
A5 LR FMBUL, BT — R F24E
AL i pLBRAE R 7 FIf AR B 5E 7R 20
e 60 AERIF IR, DR EA1E A0 AR 21 R
SR 25 S A PR 2R X e L T SR R 2
YEH ( Nolte, 1963; Gillett, 1968 ), fii i ttHi T T

0 B R R OB 1 28 g B ( Uvaroy, R GEE R RNy 5 (B 1, £1),
YIRS Schistocerca gregaria st R KB AT
/ =S HEF W TR R ) C6. C8-ClOEAEREFINE
1968 1993 1996
Q . 4@} /‘ e
; R e 1988 N, 1994%@# % ..
LS M, S . C6. C8-C10
A o O, AR, KT, g, Em, DOUAM,
e WAIKE:, 2K RIEE
Wy, 2,3-T %
K42 Locusta migratoria Il AOIARE, KIS mps, aplRm
2-PEAE-S- LRI Jeiiims SHE, B e/ 42 HE R
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Fig. 1 Diagram of researches on aggregation pheromone in Schistocerca gregaria and Locusta migratoria
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Tablel Researcheson locust aggregation pheromone

P
i Sy U L A ooy HTR Sk
. e o Identification
Locust species Identified or verified compounds Sources e References
and verification

VORI AP F (CREE BRI EY) g Nymphs 17 446 Gillett, 1968
Schistocerca gregaria JAHL Adults

&I Locusta 2-F & J-5- 2L e LR 1) B B2 2 Nolte et al.,

migratoria
migratorioides

2-Methoxy-5-ethylphenol

fimkei, cc 1973
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43R 1 (Table 1 continued)

st
i sl 5 RIAER 1 2 ety TR Sk
) T e I dentification
Locust species Identified or verified compounds Sources e References
and verification
PR S gregaria KM Phenol, @AM Guaiacol, ZE/fif Veratrole 5 i1 GC-MS, 17y Fuzeau-Brae
gas N NN e
L. m. migratorioides BRI
72 B ) Al A
VR S gregaria REEEAY No identified compounds BEIR [Ewooxlll Obeng-Ofori
etal., 1993
VI S gregaria A W Bk Anisole, % HI % Benzaldehyde, 2% f¢ WM GC-MS, 7% Torto et al.,
Veratrole, @ f] K B Guaacol, # £ N HR el 1994
Phenylacetonitrile, PAN, Z; Phenol Electroantenn
ograms (EAG)
VDB ABIARE Guaiacol, K Phenol g, RE GC-MS, 475 Obeng-Ofori
S gregaria SRR W, oo #1994
2 fE EAD
VhE e 2 B Anisole, ZE I Y Benzaldehyde, ZE 7 ¥ déim, il GC-MS, 475 Njagi et al,
S gregaria Veratrole, AIfI/ARME) Guaiacol, =2 PAN, ) Phenol i, EAG 1996
YR CLE% Hexanal, “ZB% Octanal, T/ Nonanal, Z$EE g iy GC-MS, 5% Torto et al,
S gregaria Decanal, C./i# Hexanoic acid, =#® Octanoic acid, W, cc- 199
T Nonanoic acid Fl1%2¢ i Decanoic acid EAD
Ui C.% Hexanal, ¥ Octanal, T Nonanal, 2%/ W53 470K (ff Niassyet al,
S. gregaria Decanal, C'/% Hexanoic acid, “Zfi# Octanoic acid, 3 o e 1999
T-/2 Nonanoic acid, ¢/ Decanoic acid; #f]A R A2
1} Guaiacol, #&f; Phenol, 15| Indole ¥ ), GC-EAD
Vb e 7k Veratrole, BT AR B Guaiacol , 4 215 PAN, il GC-MS, Niassy et al,
S. gregaria ZW; Phenol, 4-Z 5538 BE 4-Vinylveratrole GC-EAD 1999
ki C. R Hexanoic acid, 7% Z i PAN, ArB0Amy g 53 E GC-MS, Niassy et al,
L. m. migratorioides Guaiacol, Z£f Phenol, M| Indole GC-EAD 1999
ki Ra-2- s (E) -2-Pentenal, L aX-2-JRUGEE ik GC-MS, Niassy et al,
L. m migratorioides (Z) -2-Pentenal , JIii-2-CL 4% (Z ) -2-Hexenal, GC-EAD 1999

Ji5i-2-7 % 455 ( Z )-2-Penten-l-ol, i-2-CL45-1 B2( 2 )
-2-Hexen-l-ol, ZZif¥ Veratrole, C.fik Hexanoic
acid, ATBIAN Guaiacol, T-i2 Nonanoic acid

b OUF% Hexanal , 3F CL B Cyclohexanol , BEFE ikt GC-Ms, 1y Shi et al,
Locusta migratoria Heptanal , % Phenol, 2,5- — HI JLnt i 2,5- KW, ec 20U
manilensis Dimethylpyrazine, “%fi% Benzyl acohol, %M1 EAD

Benzaldehyde, @I fi| A Guaiacol, F-f# Nonanal,
2,6,6- = H L -2-FF C J#5-1,4- il 2,6,6-Trimethyl-
2-cyclohexene-1,4-dione, %%[#% Decanal

g wNE PAN, oK ¥ Benzaldehyde, 7% [ g, Ak GC-MS, Wei et al,
L. migratoria Benzeneacetaldehyde, #:H1/iX Benzoic acid, & HIfik Gc-MsmMs 2017

Anisole, 7 Phenol, @IfIAE; Guaiacol, 4-Z.%
FLAEHIEE 4-Vinylanisole, 4.8 Phenethyl acohol,
Pk Veratrole, 7,1 Acetic acid, T2 Hexanoic acid,
&% Decanoic acid, 2,3-T [ 2,3-Butanediol %
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4% 1 (Table 1 continued)

AN TN T .
bt W AR 1L 21 feappks BRI

. - . Identification

Locust species Identified or verified compounds Source e References
and verification

K 4-Z 5 HAHIEE 4-Vinylanisole W, R GC-MS, 174 Guo et al,

L. migratoria K, g 2020

K, OR %
SESEIE, P
VIS PN R

1 BREERENEXSHIE

FERAE B R — vl SO MR, BER
M 5 4 55 ) A A AR 4 31— X b &
Yy, 32X M WS AR BA PE 22 57 5

FeiscE M [F—1 5 ( Shorey, 1973; Wertheim et al .,

2005 ), XAE CHHERIE B R SEE BRI
SRR T AR A X 2 BERAG B R AT LI
HHRE R IR A ALBCE 2 5 THL 5 AR R
SRR o RETICE AT LA i A e L R DL R
PP, A0 AT DUE A TEAS I & B B, AL 45 B
afy dur i AR (Wertheim et al., 2005 ). B
RELRTUER S Y] LUE—4 1k
HEYIRNRGY), H 252 R 25 5 5 s A RE
i ( Boake and Wade, 1984; Hodges et al.,
2002 ). W T L R, AR REHEER
FEREA A SRHE,

e O Y S R T B AR S Rl AR
TE, VARG AR T DL R A P H ) iy A st g 3001 R i
R BRI 22 5, TS R R AR A e
1 PR 2R S AR R B % ( Uvarov, 1966,
1977). i, #EAHERG R REE BN RA W
TR, —FhE— 7R R R R R R A
FEEER R, e 5 R I R R
RE NS [F] s W 75 | 2 e oty 5 1l R R P B 90 o

2 EHERERRNHRERE

TERTFTHE P BB i A v, AT Tl 52
B as R ) LR P I R (RIS A B
B 26 1 fjh 52 AL B I AN REFS S ) 58 42 19 FUe 2
FRAE , BRI R R RO R B T AR O e 2

FHIE (Nolte, 1963 ), Gillet % (1968 ) 4% 1 4
3ok W Hh ) S 6 2 R A A A 5 ao o S
BE % U S AT R RAE & BLIX P FROR
JRAG R T s AT o EEAT B R IR
L P ) ST 2 A 380 11 R AR AR O B A v 1Y)
TE BRI RE 1, ax segl S e i b R B 22 K
SR A S T e R AT N .

Nolte 45 (1973) % T QAR REH 1k
B 2-WER-5- R E, IR EY
(A ATER A= R G S GG R S oL
F R BB [RIERHRE A% ol AR B A0 T 25 5 i )
10, YK HA 4 Mg (Locustol ), iX 2
A — AN S AL A, AR AE 2 5 5
FIZL B YR B E R S ok

Fuzeau-Braesch %5 (1988 ) ki | Kig 5vb
TUEL TR S TR L 25 A R T B Bl AR R
Kb 3R EFL Sy, RIZEAE, AN 52K
Wy, JEHEMX 3 FibAY S HIRA Y ReY
5L 55 YD VBT R LI 55 4% R I B L 2R
v

P57 —TRF 5T Y, 38 e MR XSGR A ARG
FHXTF 2350, VD IS a3 2 (i 4 12 55 WL U 101 2%
R —M o FERLHH, A BB B AR
UK S ) L B TS 4 AR T TN
L R AR S A ) T 258 4 2 W A IR, I
0 H Y Y B L 5 B A A AR A A R SR
{54 % (Obeng-Ofori et al., 1993), 74h, Vb
L R (i g 2 2 A g e 2 e
FER I —M0, TR 1 s s e S A R A
A S o A B S SR 1 i e st gy 5 ol
(AR A A 54T i . GC-EAD (145
FH, &l 5 R A s A BB RS 5 | Ak fih £ B
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b F A TN ) SRS T RN A B AR T, i A
B EFRERONE, HAMITRES RN
K AT AR ( Obeng-Ofori et al., 1994 ).,

Torto 45 (1994, 1996) 5% T Vb
S8 A 5 L ) SRS o AT T P LA e
PERCE AP R T 6 Fhog H AR PRV P A 55 R
&Y, R e KR RN F
ik . AN EY SR, Tk Ee A YA IR Y
Tl P g H, P 5 T A P R R, R TS B o
SRR o I NI PIE -5 1 B RS A
PR A RAT R, AT T O BER (S B R
WET AMMEEY, HHIRONE . SRR
IR 55 B o (RIS ok S A B A AL AR &
HIARES RS A 7T A S o PR A AT N A v i
e el OB SR A B R MRS A i 22 5%, i L
WE 5 R M AETE I ERF R IG B R RS, 1996 4F,
I FE AT BA 43 B G 0 T > Y B Bl 1) AOBR A R
Y, BRI T OB, R, TR, B, OR.
TR . TRRAZIR . 1X 8 F b & WIHIIRAYRENS
2G| 5 i ueigh AR RN, T LSS R Y
MEIAREY 548 51X 8 Fiib&A thIal sk 1
o BFILAATIN Y, Vg iR E R R+
BUNTE RS Y

5 — 1~ AT BN 3 3 %o Jee: 70 R TR A
BRI R Y08 e AT R, RN R
o e e R R, BUR AL SRR 2,
o IR R, REEE . BRI A
RT3 114 R 25 SRR A I S A AT Ry A DA S
5 TR ORI O R 2 R R B g
ARIAR Y | AR H A SR, & B AN
PR AT NI, HoA 4 FE S RER i
T S8 BRI T AT RN o 7 4 FIA 17 R 1
LGP T, REAE S EHF OIS i 2 25 Sy L AR
PR, A B SN 22 S A W R A
( Njagi et al., 1996 ).

Niassy 4 (11999 ) il T Qi 5 yb g A [a]
1425 BRI R DR SRR LA T SO0 o
KA R SO H B R A AT R RN, AR
B H AR SR A R O 5 (LG P 5 A
HONE L B S s 0 SO & 3 B B Y

TR o BEAN, GG ) Bt ot o 55 0 g 2 -
Yy, TR A R VD L R4 R 2 3 B B
BTN o L2, VD5 i Xof 6 e e i 1)
FEIZ ), VDR X R i L O W A R
AT RN o AR, Al TR S T Kl 5 b e
XA RAL A ) F A BRSO R R SR A
YA 3 P b AP RENS 51 RIS 5 VB e fk £y
SRV HAEBRRON, SN CR . KNGS —Fh
KM E WA o Vb TR bl A e A TR M Y
8Ffb&Y, ClE. FlE. TS, B, O,
TR . TRAZmR, RAmIMbawRetssik €
Wb fy A R AR BN . KR AR R TR 9
Flr, Jea-2-pedimims . a-2- s | -2-c2 0
WE L W-2-PkEE, -2-C -1 B, BENEE . O
fiz . ABIAREY . THRRLAK 5 AR % E (A RESEAE
Wi BRI A W RE i 5 ke s fioh 7y A% FEL A= B 5
HoHr ICER 3 Y BT | VB 0 i £ 1 L A LS
YD N R R AR BEYE PR 5 AL AR
fik . AR KNG AR 4- 00 I RE P
HEB LA T LS R R R A B R . BB AR,
KR D YRR BRI 1) S S s 3 FE A,
SRR . R 505, X 3 Fh LA
S FE LAY .

Shi 48 (2011) XFPIMEJE 2 d B9 RIEZE(H 4
RYIPEATNT, KT 11 el AR BE YR
CUEE . FRCEE. PR, KM, 2,5-—HIJEnkiE |
WL RHEE . ARy . TR, 2,6,6-— H -
2- O M-1,4- RN B, Hoh HUR OOl L TR
KPR RCES 2,5- R EERES Pk 2 d
T R A AT R N, T HL 5 R A IR &9
(AT S 3 B — Ak ) T

Wei 55 (12017 ) 1| H e 72 B0 114 [ 45 4 26 X
SRS EE T EOR, i TR K
AP B 5 AR R R R S 2 R Y B
S5k, WTAEISw T 35 2 sy,
o 25 F O IR R AZE AL R &, 10 Fho 2EfE
FERIERY) RFE LY TR NG R
ROTE . KWR . RS KW AAIKRE . 4-
CIRHIR W R 2 BT DS B RS,
VIR IL G . R, Bk, 23T

B
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Wl Hoh, KZES 4- 2R EAE R B R
PR &8 o XA TAE AL 22 A 252 1 £
JES T 5 R RIS RS N LT B B Y
BT, BEE T RIERER(E B R A S

IR ORI R A L) v o B B HL
R R S RO &, R R 2 6 A 1T e
SRR AR B L HBE)S M SEIE A AR 2N
AEAE 5 e B S R HE R SO, TR 2 I REfS
PO R 5 28 A O AR T R R 2
Wi 2 B AU SR (HCN) BYRGA, e h Az 3]
Uil 5 S F AR CIEHA N A ER (Wei et al.,
2019 ), XTWFFEAGEI T 2K ZNEVE A B ik
A WA R VE S HLE] , [RIBf s e T oK
CIEAE RIRARERE R,

ST 8 — TR 5 X6 A i 28 L e R T o K
() 6 LB ZIE . 4-ZEAETEE (4VA ).,
AR, RORE, K g 2,5- —H IR T
TATRHRGER , S50 FHHA AVA BB SR
RIS 14T o SCERIRIE 1Y 3 Pk & a A
Wy Kl B EATIREGY ( Fuzeau-
Braesch et al., 1988 ) i[RI A 4T T34, 458 %
A 26k S ANRES RS CR R 5 | R o 3K —
RIVIAT LR T E T AVA XHE S R A
TR AN & B B BORN I A AR A 5] o
AVA Fgtg i v B i BhEER AR, Bl PR
FERSInRE N, R TR E AR h 45 HiUE K
MR fi A, A TRMKIIE & (E . 76 R fi
L) 4 Fp E ERGRISH P AVA RS 5 RAEIE
JERAR Y SR o FERE AU - E ARG Z AR, AL
FEHEIR A T LG 32 /R OR35 /& 4VA 5
PERZAR . Yl AN g AR CRISPR/Cas9 i}
Fi OR35 J&, WIS SSARAR Y fish 11 5 i JE IR P 22
HL AR SR N S AR, SRR AVA (e )i
PRI 5] Jy3ede . oAb, 2840 XG5k A
SETER] AVA X SIS R P AN A TR R Y
We 51 F1 o FEME BT AN A X R R, KIS
() X B S - YRIE R AVA AL BEML S | BF 41
. T HASZ B AR PR EE s e 558 i 1 52 )
(Guo et al., 2020 ), AHF5E IR MALZEI T, 17
REGUE, MR AR, B RS, L
LS el e 2 = TP W VeI SIS i

17 7 AT 74 WSS E MR IE, A BRI E T
4VA JE RIEFERE R R,

3 BREHBREEZTWRNBR

254 20 {42 60 3 90 AEAR AT TT, FATA
ME A BT T V0 B R SR AT B2 A PRI E AR T
BORELR, X EZEAILTEER . B, kG
IR TEPE S, Bz e LB A | i - 1
Hu K WEPE - PR S5 A ) Z 1R) Y LA, AR AR
R S B S A SR R LR . R,
A AR EARMEAE DU L TR A A S M T A AT R R A
FERAE B R IURFIE . HIK, XL = X E
AW EGR G YA 1 AT VAR R | AR
BN [RRE BB LA R e AT Sy RO B
i o X RGBT R G B R AHED
EERNERZ —, HHh, ALeirFE b A AR
54T RRINASUCHE , A7 A A0 (57 FH 0 H Ay T80 s il
P&, DRI RBAETS A A TR SN Y 3 ANTE A 5 T
FUA A B AR W H O AR N AT
R, 20 1A S P oA R B AT Ak
RAM,

DAY o oR 2 RRIESE A5 SR, 2R S
TV A M Bt PR, 7R 0] 5 2R B
Ei) A A e W B valll P NS I e = i F 2.
FRIE 5 M4 T B HAR DG o Seidelmann 453 i —
RN FEUER] T 8 G & BB 0575 A 1 B 2 I
P s ZL A HE R SO, e SR A Ak 7 rh
HoAt e HOR AT A IE B R (Seidelmann et al.,
2000, 2003, 2005; Seidelmann and Ferenz, 2002 )
TEEH ARG, e e g A0 AT LR AR 2R
748 ARy U S B 1 05 R AR g
W s PR, AT T s R REER (S R
RN SR MIREY . 2R, KP4~k
AW T FEERL, FEME A A W R S R Al
DA A7E Rk RS Bl v ) SR AR LA R A o A
AT , W R R 3 55 R BRI TS W] B A&
Yy, It AN A Ry ok 5 | A A A S BR
S AUIRMEAE R R R R AR . 2L SR
B RETBCRAE , AGEAT O 5 F A RN AR A s 15
BB ASIR (AT HE R
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4 PSERERERRNEESWIE

2 S5 5 I B0 E W A P B SR A B 2R T
LU AR U 7 B e SR e el A )
PEIEIN LR 0 B SRS B R DR AE , 0 HLA
HEE R SRR PIFORE , BASS M R# AT LL7E
WL 1 55 B R AR B AR IS A B AR
ISR VACZER Y R RS Y RSB P S 2y Nl [ i
e PR R R R AL S W T REE R, Rt
S ELE A R SR R Y, AR R B
B, MERERIMEZ AL SRR, FARINAT
A U 5 0 R SR AT A B DA G 1 &b B
BEJS , FIH mE BOER AT PR, Xtk
B VAT AR PR ME R 7 L , FRBNRR AT R e st
WG RS Y, N eGSR AL 5
TNRIE N o BSR4 T PSS KRB A F
BB AR ) B A ) 285 B i e, A6 D T
WERH BARME G HA 5 | 08 U BE ) o MRSE R 48
XPZAL A WA R B2 T B4 H A B R 7 ) AR 2 56
WAL G P S EEE . FI 2 E) GC-EAD.,
EAG. SSR “FA ML A, AT LA MHEAR ik 7 54
JEA ) T B I AU R RE e T HAR L &
AR AN . BT AR AR, 455
Ak A 0 1 DG B ML e PR A 0 0 S o AT, 45
AR a5 RN RS k5
AR, ERETRIELSS G B YRS & R H 5
B 2K, I RNAT 87 CRISPR-Cas9 #1754
DAL el i e e, ARG X 26 2R X H AR AL A 1
HL A 3 5 AT SN 7R AL, 0TI 3 2 G B R
HryEhfe. Bit—20, PR i &9
Ao B AL X2 i AT e 6 H AR AR A B B T 5 |
TR PR OCHET A, RIRERI T A B 5% L A
TEY 2 5 RN RN FEHAR L E X Binfb G
VIR R Z T, HT TR Se i 2 T %
HAr b & P2 s i 5 N FEALH . B,
S 7 A5 R A BB RS AE S AR BT A R 4
ERERMG B RMEZIEE, #4588
i, BB EWIFEARI G . R R
X A B R BT, K Iz LA ARk
FE SR A 7 T O FH 5 St

5 RE

R R AT B R IS B Sk R R R R 5
[ A Y E SEEZ1H, 2 2020 4
A —RAE T RIEREREE R, Bk, T
BER (S B Z M RO 5E 50 LT 2 BBy
Bt UBRERENZD, 0 LT ZLHERE RS
BEMRIE, GEMITHEREERZNAEY G BUE
1 RIS E A RS P AR DL B SR A 5 W]
o LW A SR A 2 R B AT A S BRI A 2R i
K, 3K H R B BL PR R E AT A7 1) R R
HE— 2P s B R AR B R AR AR B AT
J G52 FHLR, B R SNE S A R S
IRz, fead AAb BERE R (5 B R RILE
B I S SR TERE A AT S DR SR AT HE S 11
T, o 30K 46 0] 850 14 [ 25 AN (SOBs R R AT TIA R e
BRI AAZ O R TR L EE B, Rl ke 3%
AT i P AL T B A bR T X S R
b, WSS A A anf g Wy . 45k B8
2 SRV F SR RS R, TF & N FH AR R
(/NG FAT VR AT H B0 e o 7 AN RB O
FIRLEARZS TR, DT S I (10 4 (0, P 52 B 42
Hbr, WREAFRATES 5220 .
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