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Distributional analysis of SSRs in genomes of citrus tristeza virus

ZHAO Zhe ' [ TAN Zhong-yang *, LI Shi-fang *, WANG Hong-qging '*
(1. Department of Fruit Science ,College of Agronomy and Biotechnology ,China Agricultural University , Beijing 100193, China ;
2. Hunan University , Changsha 410082 , China ;3. State Key Laboratory of Biology of Plant Diseases and Insect Pests,
Institute of Plant Protection , Chinese Academy of Agricultural Sciences,Beijing 100193 , China )

Abstract ; Citrus tristeza virus ( CTV) belongs to the family of Closteroviridae, which has the biggest genome com-
pared with the other plant viruses, and impacts on the worldwide citrus industry negatively. 32 complete genome se-
quences of CTV downloaded from GenBank were used to analyze the distribution of simple sequence repeats
(SSRs) types. The results suggested that SSRs existed in all CTV genome sequences whereas the numbers were
low. Dinucleotide repeats were the major type in CTV sequence while pentanucleotide repeats and hexanucleotide
repeats were not found in CTV, and tetranucleotide repeats were rare, found in merely 5 of 32 CTV genome se-
quences. This is the first report about the SSRs analysis in citrus virus genome.
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Table 1  Information about the genomes of CTV

No. Isolate Acc. No. Place Host Strain size(nt)
Cl CT14A JQ911663 China Citrus sinensis Mild 19 247
Cc2 AT -1 JQO61137 China Citrus sinensis Mild 19 252
C3 CTI1A JQ911664 China Citrus sinensis Mild 19 253
C4 SP -T1 JX266712 Taiwan Citrus grandis SP 19 270
C5 M-T5 JX266713 Taiwan Citrus grandis Mild 19 236
C6 A18 JQ798289 Thailand Citrus reticulata SP 19 302
Cc7 Kpg 3 HM573451 India Citrus reticulata \ 19253

Cc8 B165 EU076703 India Citrus reticulata VT 19 247
Cc9 NUagA AB046398 Japan Citrus sp. SY 19 302
Cl10 T318A DQ151548 Spain Citrus sp. SP 19 252
Cl1 T385 Y18420 Spain Citrus sp. SP 19 259
C12 Qaha AY340974 Egypt Citrus sp. \ 19 296
C13 TH30 FJ525434 New Zealand Poncirus trifoliata RB 19 270
Cl4 G90 FJ525432 New Zealand Poncirus trifoliata RB 19255

Cl15 M17 FJ525435 New Zealand Poncirus trifoliata RB 19 273
Cl6 TH28 FJ525433 New Zealand Poncirus trifoliata RB 19 255
C17 M12 FJ525431 New Zealand Poncirus trifoliata RB 19 255
C18 NZ - B18 FJ525436 New Zealand Citrus sinensis SP 19 245
C19 NZ - M16 EU857538 New Zealand Citrus aurantifolia Sp 19 251

C20 B301 JF957196 Puerto Rico sweet orange RB 19 255
C21 \ DQ272579 Mexico Citrus sp. SP + DI 19 300
C22 T68 -1 JQ965169 USA Citrus macrophylla \ 19 246
Cc23 HA18 -9 GQ454869 USA Citrus latifolia \ 19 245
Cc24 HA16 -5 (GQ454870 USA Citrus latifolia \ 19 269
C25 SY568 AF001623 USA sweet orange SP 19 249
C26 T36 NC_001661 USA Citrus sp. \ 19 296
c27 T30 AF260651 USA Citrus sp. Mild 19 259
C28 FS2 -2 EU937520 USA Citrus sinensis \ 19 260
€29 FS2 -2 EU937521 USA Citrus sinensis \ 19 293

C30 FS2 -2 EU937519 USA Citrus sinensis VT 19 251

C31 T36 U16304 USA Citrus sp. DI 19 296
C32 T36 AY170468 USA \ IC 19 293

TE:SY B8 DI R RS SP 285 s RB BT 5 16 RO Sl s VT AL 4%

Notes: SY :seedling yellows; DI:decline inducing;SP:stem pitting; RB: resistance breaking;IC ;infectious clone; VT vector transmission.
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Table 2 Number and relative abundance of SSRs in CTV genome

Number of SSRs identified

Relative abundance (%o)

No. Size

Mono — Di - Tri — Ter — Total Mono — Di - Tri — Ter — Total
Cl 19247 18 117 31 0 166 0.94 6.08 1.61 0.00 8.62
Cc2 19252 18 116 37 0 171 0.93 6.03 1.92 0.00 8.88
C3 19253 18 113 34 0 165 0.93 5.87 1.77 0.00 8.57
C4 19270 36 97 31 0 164 1.87 5.03 1.61 0.00 8.51
C5 19236 30 116 37 0 183 1.56 6.03 1.92 0.00 9.51
C6 19302 44 99 46 0 189 2.28 5.13 2.38 0.00 9.79
Cc7 19253 24 116 42 0 182 1.25 6.03 2.18 0.00 9.45
C8 19247 24 117 28 0 169 1.25 6.08 1.45 0.00 8.78
c9 19302 19 102 31 0 152 0.98 5.28 1.61 0.00 7.87
C10 19252 18 109 34 0 161 0.93 5.66 1.77 0.00 8.36
Cl1 19259 18 103 32 0 153 0.93 5.35 1.66 0.00 7.94
C12 19296 48 131 29 3 211 2.49 6.79 1.50 0.16 10.93
C13 19300 30 110 51 0 191 1.55 5.70 2.64 0.00 9.90
Cl4 19270 48 127 43 0 218 2.49 6.59 2.23 0.00 11.31
C15 19255 31 116 49 0 196 1.61 6.02 2.54 0.00 10.18
Cl6 19273 42 121 41 0 204 2.18 6.28 2.13 0.00 10.58
C17 19255 42 113 38 0 193 2.18 5.87 1.97 0.00 10.02
C18 19255 24 123 34 0 181 1.25 6.39 1.77 0.00 9.40
C19 19245 31 127 37 0 195 1.61 6.60 1.92 0.00 10.13
C20 19251 48 138 40 0 226 2.49 7.17 2.08 0.00 11.74
C21 19255 36 140 35 3 214 1.87 7.27 1.82 0.16 11.11
C22 19246 36 132 30 0 198 1.87 6.86 1.56 0.00 10.29
C23 19245 60 137 38 0 235 3.12 7.12 1.97 0.00 12.21
C24 19269 12 119 28 0 159 0.62 6.18 1.45 0.00 8.25
C25 19249 26 85 28 0 139 1.35 4.42 1.45 0.00 7.22
€26 19296 48 131 32 3 214 2.49 6.79 1.66 0.16 11.09
Cc27 19259 24 106 29 0 159 1.25 5.50 1.51 0.00 8.26
Cc28 19260 18 106 32 0 156 0.93 5.50 1.66 0.00 8.10
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. Number of SSRs identified Relative abundance (%o)
No- Size Mono — Di - Tri — Ter — Total Mono - Di - Tri — Ter — Total
C29 19293 48 122 32 0 202 2.49 6.32 1.66 0.00 10.47
C30 19251 19 118 37 0 174 0.99 6.13 1.92 0.00 9.04
C31 19296 48 131 32 3 214 2.49 6.79 1.66 0.16 11.09
€32 19293 48 125 32 3 208 2.49 6.48 1.66 0.16 10.78
Aver 19265 184. 60 1.62 6.07 1.88 0.01 9.58
<R Aver 797 AR ASR JAREOBTEDH . Mono — | Di — Tri - Ter — A B4R —, —, =, I SSRs.

Notes ; Aver each row in the table represents the corresponding numerical averages. Mono — ,Di — , Tri — , Ter — represent four styles of SSRS.

F3 CTVERFEH SSRs RESHEMEE(kb)
Table 3 Content and relative density of SSRs in CTV genome

Content of SSRs identified (nt)

Relative density (%o)

No. Size

Mono — Di - Tri - Ter — Total Mono — Di - Tri — Ter — Total
Cl 19247 18 234 93 0 345 0.94 12.16 4.83 0.00 17.92
C2 19252 18 232 111 0 361 0.93 12.05 5.7 0.00 18.75
c3 19253 18 226 102 0 346 0.93 11.74 5.30 0.00 17.97
C4 19270 36 194 93 0 323 1.87 10.07 4.83 0.00 16.76
5 19236 30 232 111 0 373 1.56 12.06 5.7 0.00 19.39
C6 19302 44 198 138 0 380 2.28 10.26 7.15 0.00 19.69
Cc7 19253 24 232 126 0 382 1.25 12.05 6.54 0.00 19.84
C8 19247 24 234 84 0 342 1.25 12.16 4.36 0.00 17.77
C9 19302 19 204 93 0 316 0.98 10.57 4.82 0.00 16.37
C10 19252 18 218 102 0 338 0.93 11.32 5.30 0.00 17.56
Cl1 19259 18 206 96 0 320 0.93 10.70 4.98 0.00 16.62
C12 19296 48 262 87 12 409 2.49 13.58 4.51 0.62 21.20
C13 19300 30 220 153 0 403 1.55 11.40 7.93 0.00 20.88
Cl4 19270 48 254 129 0 431 2.49 13.18 6.69 0.00 22.37
C15 19255 31 232 147 0 410 1.61 12.05 7.63 0.00 21.29
Cl16 19273 42 242 123 0 407 2.18 12.56 6.38 0.00 21.12
C17 19255 42 226 114 0 382 2.18 11.74 5.92 0.00 19.84
C18 19255 24 246 102 0 372 1.25 12.78 5.30 0.00 19.32
C19 19245 31 254 111 0 396 1.61 13.20 5.77 0.00 20.58
C20 19251 48 276 120 0 444 2.49 14.34 6.23 0.00 23.06
C21 19255 36 280 105 12 433 1.87 14.54 5.45 0.62 22.49
C22 19246 36 264 90 0 390 1.87 13.72 4.68 0.00 20.26
€23 19245 60 274 114 0 448 3.12 14.24 5.92 0.00 23.28
C24 19269 12 238 84 0 334 0.62 12.35 4.36 0.00 17.33
C25 19249 26 170 84 0 280 1.35 8.83 4.36 0.00 14.55
C26 19296 48 262 96 12 418 2.49 13.58 4.98 0.62 21.66
c27 19259 24 212 87 0 323 1.25 11.01 4.52 0.00 16.77
€28 19260 18 212 96 0 326 0.93 11.01 4.98 0.00 16.93
€29 19293 48 244 96 0 388 2.49 12.65 4.98 0.00 20. 11
C30 19251 19 236 111 0 366 0.93 12.26 5.77 0.00 19.01
C31 19296 48 262 96 12 418 2.49 13.58 4.98 0.62 21.66
€32 19293 48 250 96 12 406 2.49 12.96 4.98 0.62 21.04
Aver 19265 1.68 12.21 5.50 0.10 19.48

T8 R Aver 17 B98N B AR R X RS BB %, Mono — ,Di — ,Tri -, Ter - 73138 —, =, =, U SSRs,

Notes ; Aver each row in the table represents the corresponding numerical averages. Mono — ,Di — , Tri — , Ter — represent four styles of SSRS.
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x4 CTVEEAFFE SSRs B F T EEZFFHHEITEE (kb)

Table 4  Average relative abundance and average relative density of SSRs in CTV genomes

Motif Averge relative abundance Averge relative density
A 0.39+£0.13 (33.94) 0.39 +£0.13 (33.94)

C 0.09 +0.13 (50.00) 0.09 +0.13 (50.00)

G 0.40 +0.17 (41.89) 0.40 +0.17 (41.89)

T 0.80 +0.52 (64.60) 0.80 +0.52 (64.60)
Mono - 1.68 +0.58 (34.64) 1.68 +0.58 (34.70)
AC/CA 0.56 +0.15 (26.81) 1.11 +0.30 (26.81)
AG/GA 0.77 +£0.19 (23.96) 1.55 +0.37 (23.96)
AT/TA 0.98 +0.18 (18.48) 1.95 £0.36 (18.48)
CG/GC 0.83 +£0.23 (28.12) 1.66 +0.47 (28.12)
TC/CT 1.14 £0.33 (29.03) 2.28 +£0.66 (29.03)
TG/GT 1.83 +£0.27 (14.57) 3.66 +£0.53 (14.57)
Di - 6.10 £0.51 (8.38) 12.21 +1.02 (8.38)
Tl 0.07 +£0.09 (125.00) 0.22 +£0.27 (125.00)
T2 0.34 +£0.17 (51.19) 1.01 +£0.52 (51.19)
T3 0.32 £0.23 (70.96) 0.97 +£0.69 (70.96)
T4 0.03 +£0.05 (62.50) 0.09 +0.14 (62.50)
TS 0.44 +0.10 (23.04) 1.33 +0.31 (23.04)
T6 0.04 +£0.06 (43.75) 0.13 +£0.19 (43.75)
T7 0.17 +£0.12 (81.25) 0.44 +£0.36 (81.25)
T8 0.18 +£0.09 (50.02) 0.53 +£0.26 (50.02)
T9 0.22 +0.11 (50.00) 0.67 +£0.34 (50.00)
T10 0.04 +£0.06 (50.00) 0.18 +0.18 (50.00)
Tri - 1.83 +£0.25 (13.63) 5.50 £0.75 (13.63)
GTTT 0.02 +0.04 (68.75) 0.10 +£0.16 (68.75)
Total SSRs 9.64 +1.09 (11.30) 19.48 +1.83 (9.37)

HTL - T10 FR7E CTV FEH 41 H BLAY =% SSRs Ay 10 Fl &

Notes:T1 : ATT, TAT;T2 : ACA,CAA,GTT,TGT,TTG; T3 ;. CTT, GAA , TCT, TTC; T4 : GGA;T5 : CCA,GGT,GTG, TGG; T6 : CCG, GCC; T7 : GAT, TCA,

TGA;T8:ACG,CGA,GAC,GTC,TCG;T9 :ACT,CTA,TAG;T10.CTG,GCT.
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