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Abstract: Cassava ( Manihot esculenta Crantz) is an important economic and food crop in Latin America, Africa and Southeast A-
sia. Because of its excellences in drought and barren tolerance, cassava is widely cultivated in tropical and subtropical regions of the
world. Cassava mosaic virus (CMV) is one of the most widespread diseases that threaten cassava production. Since cassava is a veg-
etatively propagated crop, CMV is mainly transmitted by infected planting material ( stakes). Nevertheless, CMV is also transmitted
by various species of the Bemisia tabaci ( Gennadius) whitefly complex (Hemiptera; Aleyrodidae). Previously, there have been no
reports of CMV occurrence and damage in cassava producing areas in China and Southeast Asia. However, in recent years, Sri Lan-
ka cassava mosaic virus (SLCMV) has been widely spread in Southeast Asia. Now, it has become the main disease of cassava pro-
duction in this region, and also poses a major threat to cassava production in China. This paper will discuss the occurrence, trans-
mission and prevention strategies of SLCMV in Asia. It may provide reference for the prevention and control of SLCMV in China.

Key words: cassava; Sri Lankan cassava mosaic virus; whitefly; resistance breeding; integrated control

1 3= Sharkawy,2004) , REZE2ERE S KR EIEY), 78

K2 Manihot esculenta Crantz J& }EE R} Euphor- Rl X, FURT E K Zea mays L. KA Oryza
biaceae A58 Manihot W4, JE 7= TR T 269, 80 sativa L. Z;}:/\E’]kff*jiﬂié\mﬁiﬂéﬁo H A, 4Bk
B S SO b b, gy T 100 2 TR AL DCAT AR, i 2115
WA 0 X G % 3 5 R A fE gy (g1 02 1EF I SRTREE S AL RS AL AT

175 B # ( Received ) ; 2023-12-26  #£5 HHA( Accepted) : 2024-03-16

EEWB: X A/FFELERSETH(32161143008)

EEEN: E3H, F, LR 4, HEF W MK, E-mail: qigiwang@ zju.edu.cn
* 1 15 1E # (Author for correspondence) , T B2, E-mail: xwwang@ zju.edu.cn



514

FHEFS . HrHL2E RAREE MR AR 1 2 AL RS B 21 -

M (Rey & Vanderschuren, 2017), K% & & 3
¥, FEARYNFN 7 36 11X 3= BEPEAE R & i 2%, 760
3t DX U] = P T A e e (M SORE , 2007) . AR EH
) CAr A RTEAR W &, C 2T Z T8
a3 4R | R AL T A U (1R T 55, 2023)
FRER S R KRR I O, B4R AR
ML ENAEHFER I 20%, 296 80% 1 i
H, KRR —I IR E RN EZREEY,
XTI I AR & e | PR R 52 ) 3
PRI R R B 2 45 3 AR

ARBEARH TN 5, 8 7R BT b DR AR, 7E 42 BR
PR AR S R AR B 5 354 T, AR A4l
e R B R R R (Jarvis et al. ,2012) , {H
AR A AL A A0 T e ™ A T U,
Gy AR )T G B R A B U R &L
Bemisia tabaci Gennadius 15 #% 1 AR ZAE M5 ( cassa-
va mosaic disease, CMD) ( Legg et al. ,2015; Rey &
Vanderschuren,2017) , i 30 4F2k CMD — B 7£
RIS W DR B 3 A, 3 AN 8 DR R i ™, ™ o i
AR 70% , BRAF I SR K AE 10 /23800 E
(Rojas et al.,2018) , CMD J&H WA KRR R G4
WAL B B 1Y 22 Fl K AL 0 WU 95 5 (cassava
mosaic geminiviruses, CMGs) 5|2 AT, A 11 F &
B R A FEAE R AL M5 B ( African cassa-
va mosaic virus, ACMV) EIEE ARZLE M52 (Indian
cassava mosaic virus, ICMV) A1l B 22 K AR ZEp
%2 (Sri Lankan cassava mosaic virus, SLCMV ) 45X
AR M R I B 2K (Legg et al.,2015; Patil
& Fauquet, 2009 ), CMG & — 2% #4370k DNA
( single-stranded DNA | ssDNA) R8¢, LK ZH i 2 >
DNA 735 (DNA A FI DNA B) ¥ i, Sy BUEH {73 XA
%7, DNA A il DNA B K@% N 2.8 kb 2247,
DNA A [ %if% AC1 ,AC2 AC3 AC4 AVI AV2 5§
HA, SRR s W B ARG DNA B |
Zifihy BC1 BV M, 57 2% R iz 31 A1
e, DNA A il DNA B 7EHE A (8] B X I 6] 776 — B
23200 bp HILRSF 51, 15 DNA 1952 il 15 53t 5% D)
A0 (Zerbini et al. ,2017)

FEI , EFHRATHY CMG 24 ICMV T SLCMV,
HIR SLCMV X ICMV Bk B, {H SLCMV Hu 3 7313
ST HAR G SR 2 R 2 BRI 1 o B 11K
SLCMV ( Hareesh et al. ,2023) , A FEZEA SLC-

MV A St Al HUrEm A am R S5 BA

2 SLCMV R &£ E5&#E

SLCMV 5 53 35 R 2 e A6 0 B 24 R A o A2
e A b A3 25 R, PR T A 44 (Saunders et al.,
2002) . M 2013 4F2, SLCMV 75 75 g 0 Hb X T 44T
AL, o )5 1 Y (Wang et al. ,2014) 53 %€
(Wang et al.,2016) . #7 (Uke et al.,2018) , Z=[E
(Leiva et al.,2020) F1=&4it ( Chittarath et al. ,2021) #%
8, BN AR WL X 5] & CMD 1 = Z R4, %
EHAIAEE A 77 3 B T 7™ F R, A, R R R
HHZERIN E] SLCMV 1 &8 %K 6.3% ~56.3% ( Mi-
nato et al.,2019) ; 7E 2= [E SLCMV 1) M Ak & 5k Fh
40% , > 5] M X £E %8 BB 1K #] 80% ( Saokham et al.,
2021) ; 7EE4E SLCMV BHPERIHEAR A 18.3% ( Chittar-
ath et al. ,2021)) , HEfdiit, SLCMV X A 1 i i) 7
RN 16%~33% (Uke et al. ,2021)

T 2017—2018 4F: ], 3 [¥ g B AR 22 58 J5 i
T BEURYL CMD AR, 28 50 o 5 4 3 ok
SLCMV (%% ,2018; Wang et al.,2019) , [A]i},
IV4E (2019) T A T SO ZEAR 3 F AR XL R 5
) 6 A dh R AR B AY 1 AR 7 AR E E
TR BE SR JE A A LRI X S AP SLEMV 3
AEAPE, HH] PR A &R 90% L I, EEZF
(2021 7EEN 6 N (IX) By A 45 2R oK, SL-
CMV S e A 3250 21.1% .,

SLCMV 7E FH [] 32 %2 fhy 15 A B 00 0 A% 35
HARY R — A 1 224> 1845 4540 22 5 B B AH S8 2
ATCHE KA1 B B A7 b 418 1) B A7 A 2 A B (Liu et
al. ,2012) , AR LR A N I (0 25 A 3 ) 40
JEK T 3.5% (A5 SR X 43K [6] i BA A, B iR
M ElE /DAL 44 S FRAFFR ( Kanakala & Ghanim,
2019; Lee et al.,2013) . N[EIKEA BURAEFR7E 2T 3
T RS R AEY A S R R P AR BE
TIHEREIE R R S SE T A A R KR 22 5, FoR
H I TRIFT 2 ARG IR e SLCMV A |- R &5 1Y
AR EL, 2 K FE AN Asia 1T 1 [BTEF (Uke et al.
2018; Wang et al. ,2016) . Leiva et al. (2022) X} %
i 4 1 BT P AR S v %) Ry U AT SR A AN )
ST, S8 B B AR B AP A Asia 1T 1 Fl Asia 11
6, Chi et al. (2020) FWFFEUL R, AHBT A2
HRA B R AEFP Middle East-Asia Minor 1 ( MEAM1)
F1 Mediterranean ( MED) | Asia 11 1 0] DL & #0015 175
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SLCMV, 1l MEAM1 1 MED {4308 2%, Fan et al.
(2021) AYBFTER I, B L FL 4 SLCMV HHE T B.
tabaci vesicle-associated membrane protein 2 ( Bi-
VAMP2) ,BtVAMP2 595 8¢5 5c 8 H B TARfE i 1
MRy B 25 BRI, 55 5, SLCMV Ah52 3 1 i
2 5l # Bl aminopeptidase N-like protein ( BtAPN)
HAR R R A BUS AT LR 55T BAPN £
(IR T TERIZEE K S, SLCMV 9% 75 19 % B 7E 4]
Foy B i | LR IR 3 i 22 52 T [ (Fan et all.
2024) , REAE N T EIERIEY, 25T 2 AR
PEZEFH AR, Tl B 19 22 AT i KRR i
B, i SLCMV — I EE BG4 HL, 1N S0 B0 75 K
PR JEHIEAT A A AR B 28 AT 7R R s i 2 )5 5 4
AL FIF M B 220, Xt 38 T
SLCMV 38 o A 5 25 FF A6 K R )™ 32 A 4% AN i A7
(Uke et al.,2022) , 57 AR B AE W RGN S
JEHIE AL G BE B 7E 20 m LA B, MRk BUAE 76 4%
# SLCMV I & #5 #1224 H ( Maruthi et al.,2017)

3 SLCMV Bhi&

Biiif SLCMV K oAt CMD 1EFE T AN AT £
TR G S5 1, Foh i e T O AR B S E
PUtES R E R (Malik e al.,2020) , HrbE SR F
WIS T B F Fh DL LG — 2 AR 24 Y AR
T RNA T4 (RNAQ) FEARFIIE K G4 2R clustered
regularly
CRISPR-associated (CRISPR/Cas) FYFEH TAEEF,
3.1 fEEmttEm

TEid 2 IUH4ER] 3 FhEE X CMD stk e
SRR BRNER 73 M5, 739 fi 45 09 CMD1, CMD2
CMD3, 3 H 0 FH#] CMD Fi v 5 F & Fh b (Rey &
Vanderschuren,2017) , CMD1 & —/~[@k Z 5 H v
M B AR R Y A T JE R Manihot glaziovii Mull.
Arg. PR IE ( Nichols, 1947) , CMD2 J&—> g 1%
FABEPI A5 TR 12 Stk b i RAER
PG M 7 SRR TME | 9% & B (Akano et al.
2002) ., #EiF CMD2 HitEAL S B AR E X LT A 1Y
CMG #R 30 Hh & BE PO, 2 AR BL T 38U 7 9
AREFMIE b E AR IR, A R E R,
CMD2 HiPEEAR B AR SR iR b & &
R AHEE AL G E M T B AR 1 R AR E)%
4 (Beyene et al. ,2016) , Lim et al. (2022) iEBH
CMD2 HUPHE AR A H5 s i B iE 2k A BRI TE

interspaced  short  palindromic  repeats/

AREFEHA g A, [ DNA RA 8 & WA 1
(DNA polymerase delta subunit 1, MePOLD1) f9J4E
[A] X B % 4 R 2 25 1 (single nucleotide polymor-
phism, SNP) %755 CMD it/ X 16 Me-
POLD1 LB AE Al fEST & T CMD2 $ifk, CMD3
)il 1 24 38 TME F1 TMS 2 Al K 25 Fp 3k 45
(Lokko et al.,2005) , XFAZEFH TMS 97/2205 K I
JE R AL /BT 2 B, CMD3 & — AN 8T 0 2 Ik
37 5. ( quantitative trait locus, QTL) , %} CMD EA T
P, izt S CMD2 A B ( Okogbenin et al.
2012) .

T, A A D B BATE S| A 88 & 5 CMD
{0 =T U DUTIRE S SH BRSPS R RS
E Y CMD, [ Br #4 4lk A 58 o oL (International
Center for Tropical Agriculture, CIAT) I [E Py 4
M BT ( International Institute of Tropical Agricul-
ture, TITA) B4 240 HT CMD A9 A Z 41 L 5] ik
PR ZE L, P, ok A OCIAT 19 C-33 (—Fh %
CMD2 (BT A ) 78 R ) FH ) 3 g0 v 2 30 %
SLCMV By ek, IR R W, SLCMV A
23 NG RS AL RE R C-33 REAMR b (Vu et
al. ,2020) , E[EE A Je e ZEEY0E 58 T ( Central Tu-
ber Crop Research Institute, CTCRI) A HFF
AR 5T BT R (LA AN RN AR 1 & o DA B — SR8
PP e Fh ) JE R T ORE BRI H (Malik et al. ,
2020) . EPBE A58 i K H PE AL L 50 50 Uk 1 — Fh XoF
ICMV 1 SLCMV =470 4 it i, I IEAE 84 i ] 2% 52
FIFH T A PT i &R (George et al. ,2012)
3.2 ERIEEM

) DR T AR U 221 A A s T B I TR
TR, Z2 Fh s C N TAE U TR
(Dong & Ronald,2019), H:Hr RNAi £ AR T 5%
B PRI RE W o 350 9 B A DR B0 i PR 2 19 7 4 91
T4 7 %6 B3 O ( Lindbo & Falk,2017; Rosa
et al.,2018) . Small RNAs (sRNAs)ifiid mRNA &t
S AR R A A R R A SR R R gk, R
M, i 7E £ IR small interfering RNAs (siRNAs)
AT RIS AR AP REEI (Lin et al.,2019)

RNAD HA AT DU SR S A 2 A9 i,
AL X CMGs I3TPE, Chellappan et al. (2004) 7E
AREHRIE ACMV 1 ACT B:H T T ARE XS AC-
MV Fct, R X SLCMV R BT, Zhang et
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al. (2005) 7E AR E ik [ L RNA 8 [a] ACMV (1)
AC1 AC2 AC3 B /> TR B E AR 0t rh
MARER . Ntui et al. (2015) 385 %55 SLCMV AV2
FAVL Z (8] 1) — B DX ] U8 1) 3 91, 76 K 35 5 b
KUS0 HsZEIF SLCMV B9 RNAI, {8 A 25 32 81 Xt
SLCMV 8= H3iME . Gogoi et al. (2019) MIHEA FCAH
Nicotiana benthamiana 1.1 3%k SLCMV AV1 &,
AR R I X SLCMV = B BB,

i 10 4F2k CRISPR/Cas & 4t3% #i 9t v F 2 #if
PP, COUERR 7R AR [ AR ARG IT Arabidop-
sis thaliana (L.) Heynh "7iz ] CRISPR/Cas &4t 1]
AP W) 9% BE ( Baltes et al.,2015; Ji et al.,
2015) . Ji et al. (2018) & A FCAH Fl % 3 K 481 g I+
HiBEAT #E 3k CRISPR/Cas9 R L, A &AMl 1 & 32 ™
B Al 0% 2 ( beet severe curly top virus, BSCTV) 0]
{24, FEN Wang et al. (2022) EIITEER 8 5
KREE ST T R e A L N G R R | iX—
ERERAM A FI TR ARZE W &, 12, Mehta
et al. (2019)7EAKZ iz | CRISPR/ Cas9 RS HL 1]
ACMV B}, %P CRISPR/ Cas9 53005 25 119 2 48 M 1fij
fdiG 5 5L A1 CRISPR/ Cas9 245 4l , e X K2
FEAR R B AR ACMV (HTE . B, 748
CRISPR/Cas9 RS WA EERT , 75 20k RSk TT
DA/ DB iR EE 1 I
3.3 SLCMV WE&FE

SLCMV B if Bk T 245 T Hutk i Fh & Fi4h,
WALE 25 A B B S DG, 8 MR
FOFAAE SRR TR B iR . FERMETT, B0, AR
£ DCIRIZ R 25 | B PR T FH B9 ol 550 A L AN 5 2 5 27
[ s, Fofoe X dnf th B TG T SR VR, i o A
2RI HE 20 2 40 $ AU F B R — Bl oA Ak e R
MR LR HE 9 25 19 77 1% (Frison, 1994) , HK, i
FPUPES At 2R BRI EE T B, itk
A FPARA T Zp A, — A AL R Re g
HEHT S AT G255 B (142 e o 1T HE 22 995 7 119 B e %
FH TR B UL ZE G T B | A B R YL B 114 ) [R]
M, F= i 2k /)N (Fauquet & Fargette,1990) .

FEARZ MR B 2 W AN CMD /9 & AR
XFFBiiG CMD Ji B R & B B , B e /D
PG R F PN | LI A | 43 A
L Fh T B2 BT CMD B2 Wb I A
PEW [ 52 5 ( enzyme linked immunosorbent assay,

ELISA) & B2 i HI T SLCMV #4462 I ( Charoen-
vilaisiri et al. ;2021 , % 5 ¥ 6 B @ 20, PR L s,
325 FH T RIS o 25 0 (L X L ARG DN 58] I e AR J%
B¢, ZF PCR KLU T B 2 W H T CMG iy,
WEFEENIE XS REPR ST 19 ACT FTAVL BRI R3]
FHAS RIS 14, IR I 104 [ B RE AR 7 . FE 1]
JERYYI B (1R Ay ICMV 1 SLCMV ( Anitha et
al. ,2019; Dutt et al. ,2005; Uke et al.,2022; Wang
et al.,2016) , SEHZOLE R PCR WA T 461
FIE 12 JCAE IR I 4 4 Bk 9 9 5 ( Deepthi et al.
2012; Makeshkumar et al., 2005 ), Uke et al.
(2022) fifi HIFA AT 55 R4 4 S0 (loop-mediated i-
sothermal amplification, LAMP ) il 25 FF 21 21 b (19
Wi, UK 15 55 PCR 19 10000 £, Raji et al.
(2015) I FH £ 565 % R 45 ( the multispectral ima-
ging system, MSIS) Kl fii 7> CMD S0 32 1 1)
COGAIELLE UM I AE AL, 7T DL 80 S I 2 e
A R FEIRZS . Mehta et al. (2020) F1 Peng et
al. (2022) W F]H £ 3 2 635 1% (active multi-
spectral imaging, A-MSI) % £ 45 & HLas 2= > AL 7
R I R A B R L, MR MAEE R
SRS BEIE , NS A BRI e A R, 7R AR A BT
A2 R OR B B A 37 , 919 B0 a1 LA
VRN B I & 9iE ( Rojas et al. ,2018)

IR CMGs BRI B AL 75 18 iU 78 9 1, (H 2>
A ST R AR T B 5 R S b b 8 R L JC A AR
TN, 25 AR ROE LA S AR R i 2 ] B 240
it FH A HOGR A2 A EURR R &S it DL R CMD 19 1%
ORI A AR ( Malathi et al.,1985) . A E
XA BRI AEFE B, AR B AE A MED Xt
RSB AR R A R B — 2 BT 24 M (X 2R
FIXUR2E,2012) . CIAT B X4 5000 >tk & itk
A3 03 BT PR ARG | B85 ) — 2E6F MR A mUR AT BT
PERIARZE  Horh M Ecu 72 B4, & HBOEER N
72.5% (Bellotti & Arias,2001)

4 BEMRE

P S T A 3K AR W AR B SR AN W R ) o
TLRETCIR AR & A s & Tk ok, T
Ho T 5 T 2R | S RIAE A R 0 R
ZHNEMN, (YA AR A =28 T CMG 1Y
FEE B, B SLCMV ARG IS R K, 1228
o FE A AP S A AN TN ER
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il AL 58 Fh o X & Db AR 5 fh— B2
ARG CMD By &, Horhosh T CMD2 it ok I
FRRIF 5 3T BB AT f R TR, AR ] e BUAS TEK
W, KRR PR ERROR, — RN E
P IIE B fE A A X BT SLCMV | 5 2% & ) Bf 355 22
G N AL BE , RFBHE T 1T BB 5 i — 2 1 56
TR, (H T AF R R o & 72 A 32 [ 24 B B A v
B2 LR AR ff DX — R LY KL, S A5 B B
AFTINAT %37
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