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gis k™ . HATC B % T 7 RS R 8 et
Jo5 AH G IF) CLCuV, ¥ % 521 43 9 5 , B 56 R 41 3L
7 DNA-A, K/h# 2. 8kb ™ o [ I 38 PE B 25 T2 4
¥ DNAB, DNAB 4 #f {& b 155 T S AL 5K i o0 75 1)
o N 7 A A B B R A B A5 M DNA-
AM L 20 20 90 4R AR P 7 3 i K ZK 4 (Multan)
b D) R T R A 9 S O O B RE S AR AT
JH S MR T R G B R T T A I (X
R AE et

T [ At P d5 KM A6 2E 7 R0 2 L MR AR R
SRR P g ot S DY 4y 2 — g HL Pk
(1) R A b 7 55 5 K A it e s AT ) R 2 O 0 A [
Wi 2L o A TA) LAk, 3 B — B % A e R AR bk 30
W B 1 (R A SR AR )T R R X ) R R
( Hibiscus Linn. ) Mmoo Rk 3%
[Abelmoschusesculentus (L. ) Moench] _F Y% 52 3]
T CLCuMV, %35 & 43 5l 51 & < A il w99 « 8 K 9%
I g R K E R T o BOE R PR T
9% LK A FE At A %00 2 L™

AT A AL MK b oy B9 2 AR R AR AL it - 2
(CLCuMV) 43 B4 GX1 DNA-A 4= K-y 2738 %4
1% (GenBank %415 GQ924756) , DNAR 4> K- %y 1346
M (GQ906588) o X S 14 Wk 7E v [ 2 B kil 4%
P 2 L R AR T T M X F 2R R
FKZE LRI F) ) CLCuMV DNA-A F1 DNAB JL 5%
A=A o A, CLCuMV 76 ) 4 BT 14 (1) 4% 1 R 3
FREERE Y b 5k 6 il 95 2 3% i, CLCuMV &2
SXof o [ A A 7 7 A4 B T K s AE 1B

ARWFFCR AN R, CLCuMV £ {64 34 GX1
K7 &4 Mg CLCuMV g 4 A1 fE Bl 1 12
DNA #b, 38 &4 1 R N 1384 K% 1 1 1) %7 AL 4y
1 1 DNA-A 043 Jp 51 6k 2K 8147 - 48 AN DNAB
SY 75 AL . CLCuMV 35 Bk 9% 4 25 4 Okral rft
BT &4 L CLCuMV DNAB 4y T, it & f1
DNAB il Kk 5848 7 1) 754 nt B[ LNy o 01X 2
Foft 520 /N 43 7 DA A WL AR IE S B2 1 ofE i B R I
WAL 95 5 1) 35 R 41 S A B R ISR .

rosa-sinensis

1 BRI 7k

1.1 ##
1.1.1 #aKiR: CLCuMV RifE > @YK B V5

TR AT SR R oy P R ) R A A AR S s R 2 B
S i) bl R R KR Sk Ak i K B
HOR G, MMk B0 2% . CLCuMV B fk 2% 43 B W5k 1
[F) iy DX e K 2 ot o 11009 ok > SR Ik Ay /s B
) T 45 5 I D T TR 8 9 50K 5 el T kAR )R
1.1.2 FERKFIFEE Ex Tag T4 DNA &
it % T B I 1 P D) I 1RO T AR o ] JBRE 4
B &0 B3 R AR 2 A 350 B & DNA 4li4k =] g
WA F Promega 2wl o HI A 2K 1) 35 8 [ 7
oy M2kl ), PCR A H BioRad 27 .
1.2 DNA 2B

KT CTAB 3™ 433 M 6 BRI Bk fy i - o 312 1K
& DNA, /E 2 PCR AR
1.3 PCR # & s5pE 03 5

J% H] DNAB H5 55140 B+ A1 B-R O 2E 514«
5"-GACTGGGTGGTTTTACCATTTACTG3"; H #b 4 71
M) : 5 -ACCTTCAAACGACAACGTTTTCGGAG3") ¥~
% DNA 2 K @41, 7p & 4lifk PCR =9 h K FZ 4
1.3 kb LA 2 750 bp ¥ 4% af7, 3 % 3] pGEM-T #¢ 44
(Promega 23 7)) o AN 43 5l BB BLE 3L 3 > BH
T BEREAT IR, 51 A I i R R
B2 ) 58 B -
1.4 F55Hh

f BLASTn (www. ncbi. nlm. nih. gov/BLAST/)
XTI e 43 2 7 8 EAT R UR PEAS 2R AR Geneious
Pro 4. 8.5 BT DNA £ J¥ 41 LLE 40 #7

2 4R

2.1 GX1 2 EYHHIHFHE DNA 5 F

A R $E A A6 th % 78 DNAB K5 514 pF
A B-R P GG B — 4TI KN 1.3 kb 19 1 B, 1
X FEAE A (i e A AR ) TCAT AT 7 48 4k 7 B i% 4% s
HEAT SO B BEHL G B 4 A w0 B SE AT I 1, 45 R WO
CLCuMV #4645 B4 GX1 1 A5 2 F B %, —Fh 5
CLCuMV GXI [t TJ& DNAR 54—, % 1346 bp,
i 55— Ff K % 1384 bp, 15 CLCuMV GX1 [ DNAB
A 26.8% HIAHALE . 1% 8 8 DNA 7 7y % 4
CLCR GXI (Cotton leaf curl recombinant, Genbank J3
5|2 1 10679092) .
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2.2 CLCuMV #E E 4 DNA B9 T4 R 4T

B85y CLCR GX1 b 14 MR FL it DNA, ¥4
CLCR GX1 5 [f—# 1 CLCuMV GX1 43 25 47 £1: b
) DNAB (GQ906588) # 17 I3 41| tb X, /& Bl CLCR
GX1 f¥] 345 - 777 nt J¥ 4 X v DNAB f] 657 -
1080 nt, [7l J§ % 15k 98% .

KT E 8 CLCR GX1 5 CLCuMV GX1 ] DNA-
A (GQ924756) (17 41|, ] LL4E % CLCR GX1 1) 1 -

332 nt, 1054 — 1384 nt 4 5l % W X AE 955 B DNA-A [
1 - 332 nt, 2410 — 2738 nt, AL PE 5 59 K 99% ,
100% ; 1fij CLCR GX1 [f] 775 — 1055 nt J¥ 51| | )z 7] H.
F 6B T- DNA-A f#) 1102 — 1382 nt, AHBLPE K 100%
(£ 1). ® %1 CLCuMV i ! DNA 7r T /& H
CLCuMV GX1 ] DNA-A % A= 55 D5 IR B4 ~ 120 457 F0 4 A
PRI LA 7y 7 DNAB B4 1M B

&1 CLCuMV W38/ =4 DNA 4% F5 DNA-A, DNAB By #% & 8L I5 5 bk 3t

Table 1  Identities of nucleotide sequences in recombinant DNA molecules of CLCuMV
Name Homolog (bp, Identities in parentheses) Full length (nt)
CLCR GX1 1 -332(100% ) 333 -344 345 -777(98% ) 775 - 1055 (100% ) 1054 - 1384 (99% ) 1384
CLCuMV DNAB - ? 657 - 1080 - - 1346
CLCuMVDNA-A 1-332 ? - 1382 - 1102 2410 -2738 2738

Question mark indicates unknownorigins.

Xf CLCR GX1 M AT Ijj fig 8k 73 #7, # 5 CLCR
GX1 & f1 5 A K B K T 200bp f JF i B B2 AE
(ORFs) , 43 % . CLCuMV G i )7 51 1) — 8 43 » 44
FEWREEE 1 f) AV2 JE[H (117 - 365 nt) , AC3 % [A
(757 = 1101 nt) , AC2 JE[X (829 - 1101 nt) , H %M g%
i ACT JEPH (1019 - 1318 nt) , DL J 1 AN K AnTh fg
e (% 2) . H4 5 7 6k DNA-A [ 332 -
1102 ntfl 1382 - 2410 nt /B, B 40 4 AVI, AV2,
ACT, AC2 Rl AC3 % i DX f) — 38 53 TG VA ) iy X 2
ORFs 2R LA AN E Ao 75 AV2 FIAVL 2[5
1267 nt (1234 - 116 nt) [fAEgafith X, B 5 DR i) o X
(Intergenic region, IR) , ¥ 77 i 8 5 il Fl %% S fr 75
(I 45 T AT > A0 95 25 30 45 89 R O] 57 1) TAATATTAC
A%, Y4k, CLCR GX1 %A 4miih C1 85 1 I Th fig
WA 57 X 18, (Conserved region, CR), (H 7 5
DNAB [FUE 1K 41 (763 =962 nt) [X A H 1 A& & A
(1 [X 42k (460 — 659 nt) , A {15 K 56% »

%2 CLCuMV gyE%H DNA 5> F &) ORFs
Table 2 ORFs in recombinant DNA molecules of CLCuMV

ORF AV2  AC1(Rep) AC2  AC3  Novel ORF
CLCuMV (a) * 121 363 151 134
CLCR GX1 (a) " 82 99 90 114 84
Homolog (a) * 74 59 60 96
Similarity % 97 98 99 97

" Figures are the number of amino acid residues in the predicted protein
of the corresponding ORFs. + The number of amino acid residues derived

from the CLCuMV ORF. a: Amino Acid.

2.3 CLCR GX1 5H%E CLCuMV E4 4 FHE
B DT

Briddon %5 A7 - $& K A il w955 25 B0 K7 16
R, 4R B E) 1A 1346 nt IR A6 1 % 75 T 414
T (AJ242974, cotton leaf curl recombinant 01, BJI
CLCRO1) , f& i CLCuMV ff) 5 D5 J8) B X R0 38 43
DNAB 41 o Liu % A ££ 525 4 F F ¥ CLCuV-PK
FH Ry N2 b ) 7 v 5 Aol 0 2 5 B0 ot o o IR o B
Iy B AUEE DNA 7 1 =) R I — 5 41 DNA-
ABRBE R T R L AN B TN T R AN
KR FH S J5 452 DNAB F 4. XA 1246 nt
(1) CLCuV-PK F 45 1, fir % & CLCRO2 (AJ222705) .

¥ CLCR GX1 5 CLCROI1 1 CLCRO2 4y 5l ik 4T
Lk (% 3) , 76 CLCR GX1 [y 1059 - 1371nt J5 41 X
B A7 5 v () TR U v (76% ) 5 % )3 &y CICuMV DNA -
A T35 DR T B DX, 4 I I BT 51 4F DNA-A R DNAB
FAA MG PARR AT o

%3 CLCR GX1 5Hfts CLCuV A5 FHFEIRE Lb i
Table 3 Comparison of sequence identities of CLCR GX1

and other CLCuV recombinant molecules

CLCR GenBank .
Homolog and Identities” (nt)
GX1 Accession No.
1-86 1059 - 1384
CLCRO1 AJ242974
(93%) (76% )
66 —329 498 -697 1059 - 1371
CLCRO2 AJ222705
(95%) (90%) (76%)

* Figures are nucleotide positions in the sequence of CLCR GX1 ; Figures
in parentheses are the identities of CLCR GXI1 and equivalent sequences

in CLCRO1 or CLCRO2.
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2.4 CLCuMV F4H 5 FrY A e =AM F

CLCR GX1 B T4 A 11 nt R H1KIE v B 78
DNA-A §f$ v Bez ], BL & 55 DNAB $f £2 5 73 # A7
HEERAEMS . IMETRELS T (junctions) =
WIEr B4 ¥ CLCuMV Z3p 1 4R W] fig 5 th 1~ 40 1~ [A) = 41
TER. BT 2Rk L P 4] 5 CLCuMV $f 2
R BE A —

TAGATAATttgtc TAATCCAacaAa
J1 TAGATAATCCCCT J2 TAATCCATGGAG
TtecaAATCCCCT atgagCATGGAG

B 1 CLCuMV CLCR GX1 ZHELMIEHZETERFT

Fig. 1 Nucleotide Sequences around novel conjunctions of CLCuMV
sequences in CLCR GX1. Junction J1 is between the third and fourth
sequence elements listed in Table 1 for each PCR product, J2 between
the fourth and fifth. For each junction, the middle line shows the
sequence of CLCR GX1 and the upper and lower lines show the
sequences of the regions of CLCuMV DNA-A or DNARB that have
apparently been joined, with residues they share with CLCR GX1

capitalized. Residues shared by all three sequences at the junction point

are underlined.

S T i — W90 CLCuMV T4 DNA 43 1 [ &

2738 1
N\

L, B CLCRO1.CLCRO2.CLCR GX1 4y % 5 3k
41 K CLCuMV [f] DNA-A F1 T2 A& DNA #4741
ELEX 7381 A fifb X, RATE — K EA S 15
CLCuMV GXO01 4 259 )7 5 AT L5 (R 4) « 3 Ff
T 7RI T DNAA B B &1 — Bgy 414
nt (K541 (B 2410 — 2738 nt Fl 1 - 86 nt J B & )2
FHAE) A5 0 4 5 TR ) B IR ACT JE R, SR JE T
758 DNAB 9 1 Bt, #4547 154 nt ¥ %1 (801 -
955 nt) , K E & A X A
2.5 CLCuMV DNAB &4 fR&ERT

FIH DNAB %5 519 BF F1 BR ¥ 1Y 3¢ Fk 2%
Wi AR 1) CLCuMV Okral 43 &5 9 55 X 41, 753 31 K /) 43
2520 1350 bp~750 bp [/ Fr B 1 % R A TG AT
Iy 45007 . e B AT IR, RILK 7y 72K h
1354nt, 5 CLCuMV DNAB J¥ 5 JL T 5¢ & A i . /)
4y 74Kk 754 nt, 5§ CLCuMV Okral DNAB ) 1 -
437 nt 11037 - 1353 nt JF 5 AL ik 99. 9% , I
%A DNAB G K RAZTE o Fix/hor 1 arsh
CLCDB (Cotton leaf curl defection, GenBank ¥ %15 :
JQ716368) .

2 CLCuMV By AR E4H DNA 5 FRIFFIRIE
Fig. 2 Genome maps of CLCuMV DNA-A and DNAB showing the origins of sequences found in
recombinant molecules: CLCR GX1, CLCROl and CLCRO2. The fragments are labeled as A, B, C and
D (originating from CLCuMV DNA-A) , and E, F and G (originating from DNAR) .

%4 FH %k T DNAB ff) 438 - 1036 nt i 4y, B
K 1) C1 A P40 NS 28 Arich XS AH AR X
B (K 2) o % CLCDR #EAT Th e 3k 7 A7 » #E 5 1L 3%

1 4~ ORF, K 41 AN, 5 CLCuMV 4ifg Cl1
B A MAZT AL A 62% .
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1353 1
CLCuMV DNAB
(GUS574207) CKCDp
437 (JQ716368)
Acrich Cl
1037 ——
3 CLCuMV DNAB 5 CLCDB W E R R E &
Fig. 3 Genome map of CLCuMV DNAR showing the origins of sequences found in molecules
CLCDB. The fragments are labeled as A and B (originating from CLCuMV DNAB) .
7 CLCROT, {H X A 1) T 417 75 5 D 21 v B o 1) B
N N [4] . S K Y )
3 g BIARAN o Amin SN K LA AE i v A 0L B S A

AT ST B TR A e R R b 4 e E
2 FoBT i) DNAB AH G I /N 4y 7o 225k 5 1) L X A
BLAST 43 1 R B, % T &4 DNA-A I DNAB 4 K
JFA), & AEAE 1 A B B 4 F CLCR GX1, 5 GXI1
DNA-A I DNAB (¥ [5] 5 /5 &1 A0 L1 24 75 98% -
100% » A] 4 /N 73 7 0 daX 2 AN 21 4 20 3 A 5 151
A7 F ZE T R T K 4 SR VR T DNA-A (¥ R 1A 1)
DX, LU 3 4y AC1 FI AV2 [ 573 )8 51, {8 T
AC3 IR K36 4 ) B0 AH R (8] 67 9F 8. 3L A3 4y
(BT 11 nt [l K 50K Y8 )7 51) >k B T DNAB J¥ 41,
5 1 AN 200 M AZ AT R 1 Arich [X o

W CLCR GX1 &4 5 AN JF ] 8238, 4 il &
H ACL, AC2,AC3 A1 AV2 (134> g i X, 7] g 55 3%
RIS DR HE A K. WEFUR W AV2 g4 i 4K 52
A, AC3 gufid &34 55 & 3 (REn) , AC2 4 fith 4 1l
W6 01 5 R 3 02K 1) % S e 8 11 (TeAP) S, 500 # 1 &
LRI AR AL R A G, ALY T AV2, AC3 Fll AC2
(109 R 7 AL 5 0 2 I DR R B 4 A R 1 1 )
ek, IF H AL 34 ACT 55 PR AT AE 2 At 42 761
11 (Rep) 19 N i DX 35, A7 48— 2 1) D) RE -

TESEI 4T, Lin &8 A K A il ol 3 2542 4
T, 772 R BB K CLCuV (¥ DNA-A 4>, LA
J 55y DNAB B ALK 4 7, GefE B DNA-A 2 2%
ool by B 7E 0 OR A M 2 A A B M 4R
Briddon &5 A 7EAf 460 K 7 B ) vh 43 2] T HE 41 53

M TR 4y T REAT AL W AR E TR T B
kR Y 5 SRR 0 T L4 T AL X R
A THIMRE T HE MG X. IR X &4 865G
JF 0 5 (4 9 B 7 51 “TAATATT/AC”, B 7 A e 11
5 ACL 4 B ¥ 52 ) & A 45 & AT WG B3R &
H L B, S IR X I E 4L T RSB DNA-A
52450 11 B8 17 52 451 A 4%

CLCuV i # B4/ T & A Axich X, a[ fig &
ALY TR R 0 R R A Y o WU
TRTE N 700 B RE Bl FE o] 43 1 KN I 2 6 L A
TR s — F K 3 A B R A A 2 3G — 2 s DY 4y
2o AR5 W, DNAL A1 DNAB 4R 1] fig j2& i it
1 A-vich XK T XA 7 CP AL RO
B S5 BN . ki N A—ich 54, 414 T e s
B CLCuMV 55 35 (¥ 4< 72 5 (3 7 00 3%, 30 iy 75 45 32 1)
WAL . 520 KL CLCuV %% % & 414> 7 A A
[t /2, CLCR GX1 i3 AC3 KB 5 4y )5 41 1 I
AN S, T AT T 440 1 F 0 o A A T

5 AL > T KN K2 48 1400 nt, 3 K 20
DNA-A — 3 [ K /I, 76 36 b X026 95 25 s AR 5 3
i, 41 TGMVLACMV.TYLCV Hil AYVVY ™, ix b
B B TR 20 7 A B A B R U T DNA-A (5404 Rep
DRI B 5 73 6 i DR ) B 1) % DNA-B, 45 % i1 DNA-
A 5 TR DNA ALY R, K/ IE 538 & 9 A< 72 48 1
35, IF R B AL B . X BSR4y TR B
AU 7 5 LR 5 9 75 52 ) 2R B (Rep) TLAE B 51,
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HERWRSENASFA S MM EEE AR N i
DX 3 A S P s 5 DNA-A ) 1E &5 52 i BL i Sz 0
H & & Hl. ikl e 46 0% & (BCTV) A7 7645
KALT WL S # DNA-A [ B I 88 4y 72070
L DAL TA) B DX A3 4 Rep JE AL, fH 5 CLCuMV T A [A]
() A2 » L A oA A0 5 N B i B A 4 £ 4 R
He k.

T8I B 9 A ) Sk R AT IR, T DA DA
[ Be i) & A8 7 E A, M 7= A2 B &L/ 73 - Liu
& N\ AEASE) R Bk [ B DNA-A 23 KB T A [\ 32 3k
511, % J AT E CLCuMV GX1 |43 1) 1y 3 3k
J7 45 U BH B B L 43 1 R 4 10 P AR T B 4
KIEJFHNEA 1 =T AR PR AT IR, H AR X 2 )7 51
D SN 8 e 5 K

RUAE T B AT H IR] 52 65 452 % A8 25 ik DR 41 2 TR] 1)
T2 B G s R T AU I AL
ke A e AR T o EAR CLCuV A B
(1) DNAB H 4 DNA 43 1 H A 1AW Dy g H w5 A
T A FRATTHEW A [5) 241 4 1R) 1) B 41 8 % 38 0 o 75 2
FEPE, ol B 77 B A BT 2 pL 2%, A5 25 5 4 b i
BAESTHE . CEREE ISR CLCuV-PK
B2 50, BT R 75 EA IS, EA N
I3 FAR O] BEAE 77 AR ] — 5 B AN [F) AR S b 4 T
R B o S AN, R Y R I R
55 B4 3 25 LR LR 4L oh BT, oS )y 5
A A FE IR A FE X ACT R R, R kR NS
TAR W REAE N TR 7> FAAAE TR R A b . ok
LI CLCuV H 41 73 1 ¥ = 30 I 1 gC1 KL,
T BCT 3 R 2 s 1 7= 49 55 R U 705 AH OC, mT HE 0
B SR P A TR AEEHIFA RN T 1585
PR, AT REE N T H & IS N AL, DL YT R R
Y .

13 NP NI 1 S T N = R/ S R 6 o 1 7 s |
CLCuMV DNAB #2745 7 /N4> 7, K BE Oy 754 nt.
B2 B R K 4 1 beta C1 B A 4wt X, LL 2 /N ER
) A=ich KXo N FARE T BAE S TR IX
(Satellite conserved region, SCR) , H: &4 9 s 3
J7 5 “TAATATT /AC” Y] 25 34 45 K9, Sy 52 i)k 4R it o4
i MM KN 7 Re I BEAE DNA-A (1) & il &
Hille T3 ah, FRATTFH XA 3 B £ B Y DNA 1 (138 H 51
W) PCR 9 34 K A6 FH 35 BK 25 95 F 3 A 7= 2EAT AT B
M X Lk R 5 CLCuMV {1 B ) DNA 1 (45

SR GR) o T EOR T C1 R R bR %
NG TR CLCUMV DNA JE £33 (B4 7 1 St

AU E, SR A5 W] GE 5 DNAR ok, DNA-A B {F 52 Wi
FAER . HAFEM Y 2 XA — L5
226 SR
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Novel DNA-f3 associated molecules produced by sequence
recombination and deletion of cotton leaf curl Multan
virus complex

. .1 C . .2 .. .2 Rt
Yizhen Lai , Ke Xie , Jianhe Cai”, Bixia Qin", Yule Liu
' School of Life Sciences, Tsinghua University, Beijing 100084, China;

* Institute of Plant Protection, Guangxi Academy of Agricultural Sciences, Nanning 530007, China

Abstract: [Objective] Cotton leaf curl disease (CLCuD) is a major constraint to cotton production, causing great
economic losses in Pakistan and India. In China, CLCuD has been discovered in the field of Nanning, GuangXi. To better
understand this disease, we sequenced the virus-associated small DNA molecules. [Methods] We purified total DNA
from cotton and okra plants exhibiting leaf curl symptoms; PCR amplified and sequenced CLCuMV satellite DNA
(DNAB)—related small DNA molecules. [Results] We identified 2 novel recombinant DNA molecules with 1384
nucleotides in cotton and 754 nucleotides in okra. The 1384 nt molecule contains partial DNA-A and DNAB of CLCuMV
GXI1. It includes the intergenic region, adjacent AV2 and AC1 coding sequences, and reverse complementary AC3 of
DNA-A and A-rich region of DNAB. Common nucleotides were found around the junction points of DNA-A and DNAR
sequences; suggesting they were the sites of recombination. Comparison with previous reported CLCuMV recombinants
produced in lab showed that the intergenic region of DNA-A and A-rich region of DNAB were conserved on the
recombination process. The 754 nt molecule was produced by deletion of CLCuMV DNAR in the Cl open reading frame
and A-rich region. [Conclusion] We identified a novel recombinant molecule originated from CLCuMV DNA-A and
DNARB and a small defective molecule of DNAB. This is the first report of sequence recombination and deletion of
CLCuMYV in China, which may be helpful to understand the CLCuMV evolution and host adaptation.

Keywords: cotton leaf curl Multan virus, begomoviruses, DNA-A, satellite DNAB, recombination, deletion
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