
Table S1. Degenerate primers of Copia and Gypsy retrotransposons used in the present research 

Superfamily Primer pairs Sequence (5’-3’) Length (bp) Reference 
Copia Ty1AF ACNGCNTTYYTNCAYGG 

260 (1) 
Ty1AR ARCATRTCRTCNACRTA 

Gypsy Ty3EF AGMGRATGTGYGTSGAYTAT 
430 (2) 

Ty3ER CAMCCMRAAMWCACAMTT 

M=A/C, R=A/G, W=A/T, S=G/C, Y=C/T, K=G/T, V=A/G/C, H=A/C/T, D=A/G/T, B=G/C/T, and 
N=A/T/G/C. 
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Table S2. Selected reverse transcriptase fragments for phylogenetic analysis from GenBank

Superfamily Accession Host organism

Copia AJ131367.1 Citrus sinensis

Copia GU734715.1 Corchorus olitorius

Copia AM182623.1 Cucumis melo

Copia HM036504.1 Cucumis x hytivus

Copia KF999787.1 Dendrobium officinale

Copia AJ829977.1 Ecballium elaterium

Copia GU976614.1 Eleocharis quinqueflora

Copia AY116449.1 Eucalyptus globulus subsp. bicostata

Copia HM627352.1 Fragaria mandshurica

Copia HM627371.1 Fragaria orientalis

Copia M94476.1 Gnetum montanum

Copia JQ417780.1 Hypochaeris catharinensis

Copia EF581562.1 Hypochaeris clarionoides

Copia JQ417824.1 Hypochaeris glabra

Copia EF581741.1 Hypochaeris spathulata

Copia GU189910.1 Lupinus bracteolaris

Copia GU189853.1 Lupinus mutabilis

Copia GU189780.1 Lupinus paraguariensis

Copia GU190004.1 Lupinus princei

Copia AF072652.1 Lycopersicon esculentum

Copia EF623909.1 Malus x domestica

Copia AB080618.1 Marchantia paleacea var. diptera

Copia AF416802.1 Musa acuminata

Copia DQ376480.1 Phelipanche tunetana

Copia M94485.1 Platanus occidentalis

Copia GU143570.1 Prunus mume

Copia KF279005.1 Prunus salicina

Copia AF227023.1 Setaria italica

Copia GU189773.1 Thermopsis rhombifolia

Copia AJ829943.1 Trichosanthes cucumerina

Copia AJ239203.1 Vicia faba

Copia JQ003711.1 Ziziphus jujuba

Gypsy JN594774.1 Chenopodium quinoa

Gypsy GU954448.1 Cucumis hystrix

Gypsy GQ366870.1 Helianthus annuus

Gypsy GQ366978.1 Helianthus anomalus

Gypsy GQ367261.1 Helianthus petiolaris

Gypsy GU190053.1 Lupinus albus var. albus

Gypsy GU190077.1 Lupinus angustifolius subsp. angustifolius

Gypsy EF623980.1 Malus x domestica

Gypsy AB033263.1 Morus bombycis

Gypsy DQ380934.1 Orobanche cernua var. cernua

Gypsy DQ380901.1 Orobanche cernua var. cumana

Gypsy DQ380951.1 Orobanche cernua var. desertorum

Gypsy DQ380986.1 Orobanche owerinii

Gypsy DQ381087.1 Orobanche ramosa

Gypsy DQ381037.1 Phelipanche bungeana



Gypsy DQ381110.1 Phelipanche tunetana

Gypsy GU143593.1 Prunus mume

Gypsy KF279033.1 Prunus salicina

Gypsy AB033270.1 Spinacia oleracea

Gypsy AY683016.1 Vigna radiata



Table S3. The nucleotide composition of reverse transcriptase of Ty1-copia retrotransposons
Name Type No. of stop condons Length (bp) AT/GC Accession Name Type No. of stop condons Length (bp) AT/GC Accession

MnoC_1 *+ 2 265 1.43 KY490139 MnoC_54 √ 266 1.45 KY490192
MnoC_2 √ 275 1.44 KY490140 MnoC_55 *+ 4 240 1.46 KY490193
MnoC_3 * 3 275 1.43 KY490141 MnoC_56 √ 260 1.44 KY490194
MnoC_4 √ 266 1.43 KY490142 MnoC_57 * 3 275 1.44 KY490195
MnoC_5 *+ 6 264 1.44 KY490143 MnoC_58 √ 263 1.46 KY490196
MnoC_6 √ 260 1.45 KY490144 MnoC_59 * 1 266 1.46 KY490197
MnoC_7 * 1 266 1.44 KY490145 MnoC_60 * 1 266 1.45 KY490198
MnoC_8 √ 266 1.43 KY490146 MnoC_61 *+ 6 267 1.44 KY490199
MnoC_9 * 2 251 1.45 KY490147 MnoC_62 √ 266 1.45 KY490200

MnoC_10 √ 266 1.44 KY490148 MnoC_63 *+ 2 264 1.43 KY490201
MnoC_11 √ 266 1.47 KY490149 MnoC_64 √ 266 1.43 KY490202
MnoC_12 √ 266 1.47 KY490150 MnoC_65 √ 260 1.45 KY490203
MnoC_13 √ 263 1.44 KY490151 MnoC_66 *+ 5 264 1.46 KY490204
MnoC_14 √ 260 1.46 KY490152 MnoC_67 *+ 1 265 1.46 KY490205
MnoC_15 * 1 266 1.46 KY490153 MnoC_68 √ 278 1.44 KY490206
MnoC_16 √ 266 1.44 KY490154 MnoC_69 √ 275 1.45 KY490207
MnoC_17 √ 266 1.43 KY490155 MnoC_70 √ 263 1.47 KY490208
MnoC_18 * 1 275 1.43 KY490156 MnoC_71 * 1 275 1.43 KY490209
MnoC_19 √ 260 1.44 KY490157 MnoC_72 √ 263 1.45 KY490210
MnoC_20 √ 263 1.49 KY490158 MnoC_73 √ 263 1.44 KY490211
MnoC_21 √ 263 1.46 KY490159 MnoC_74 √ 266 1.44 KY490212
MnoC_22 √ 266 1.45 KY490160 MnoC_75 * 1 263 1.44 KY490213
MnoC_23 *+ 2 262 1.44 KY490161 MnoC_76 √ 263 1.43 KY490214
MnoC_24 √ 275 1.44 KY490162 MnoC_77 * 2 263 1.45 KY490215
MnoC_25 * 1 263 1.43 KY490163 MnoC_78 √ 263 1.44 KY490216
MnoC_26 √ 266 1.43 KY490164 MnoC_79 √ 263 1.47 KY490217
MnoC_27 *+ 1 258 1.43 KY490165 MnoC_80 √ 266 1.43 KY490218
MnoC_28 *+ 3 259 1.46 KY490166 MnoC_81 √ 266 1.49 KY490219
MnoC_29 * 3 275 1.44 KY490167 MnoC_82 *+ 2 265 1.44 KY490220
MnoC_30 √ 275 1.43 KY490168 MnoC_83 * 1 266 1.44 KY490221
MnoC_31 √ 266 1.44 KY490169 MnoC_84 √ 275 1.44 KY490222
MnoC_32 √ 275 1.43 KY490170 MnoC_85 * 2 263 1.43 KY490223
MnoC_33 *+ 4 265 1.44 KY490171 MnoC_86 √ 263 1.44 KY490224
MnoC_34 * 1 266 1.54 KY490172 MnoC_87 √ 263 1.58 KY490225
MnoC_35 * 1 263 1.44 KY490173 MnoC_88 * 2 251 1.44 KY490226
MnoC_36 * 1 266 1.46 KY490174 MnoC_89 *+ 6 267 1.43 KY490227
MnoC_37 √ 263 1.43 KY490175 MnoC_90 √ 263 1.43 KY490228
MnoC_38 * 1 266 1.44 KY490176 MnoC_91 *+ 6 267 1.46 KY490229
MnoC_39 √ 260 1.44 KY490177 MnoC_92 * 1 260 1.43 KY490230
MnoC_40 √ 266 1.44 KY490178 MnoC_93 * 2 263 1.43 KY490231
MnoC_41 √ 263 1.16 KY490179 MnoC_94 *+ 6 267 1.46 KY490232
MnoC_42 √ 263 1.45 KY490180 MnoC_95 *+ 8 267 1.43 KY490233
MnoC_43 √ 266 1.46 KY490181 MnoC_96 √ 263 1.46 KY490234
MnoC_44 * 1 266 1.45 KY490182 MnoC_97 √ 266 1.45 KY490235
MnoC_45 √ 266 1.44 KY490183 MnoC_98 *+ 4 262 1.44 KY490236
MnoC_46 √ 263 1.44 KY490184 MnoC_99 * 3 275 1.55 KY490237
MnoC_47 √ 266 1.45 KY490185 MnoC_100 √ 263 1.44 KY490238
MnoC_48 * 1 266 1.45 KY490186 MnoC_101 * 1 260 1.44 KY490239
MnoC_49 * 1 275 1.46 KY490187 MnoC_102 √ 263 1.44 KY490240
MnoC_50 * 1 260 1.44 KY490188 MnoC_103 *+ 6 267 1.53 KY490241
MnoC_51 √ 266 1.43 KY490189 MnoC_104 √ 266 1.46 KY490242
MnoC_52 *+ 7 264 1.44 KY490190 MnoC_105 * 1 263 1.46 KY490243
MnoC_53 √ 266 1.44 KY490191 MnoC_106 + 255 1.44 KY490244

* means premature stop codons
√ means intact sequences
+ means frameshift mutation



Table S3. The nucleotide composition of reverse transcriptase of Ty3-gypsy retrotransposons
Name Type No. of stop condons Length (bp) AT/GC Accession Name Type No. of stop condons Length (bp) AT/GC Accession

MnoG_1 √ 431 1.35 KY490245 MnoG_52 *+ 6 429 1.34 KY490296
MnoG_2 * 2 431 1.35 KY490246 MnoG_53 √ 431 1.35 KY490297
MnoG_3 √ 431 1.35 KY490247 MnoG_54 * 1 431 1.35 KY490298
MnoG_4 √ 431 1.35 KY490248 MnoG_55 √ 431 1.35 KY490299
MnoG_5 √ 431 1.35 KY490249 MnoG_56 *+ 8 426 1.37 KY490300
MnoG_6 √ 431 1.35 KY490250 MnoG_57 √ 431 1.36 KY490301
MnoG_7 * 1 431 1.35 KY490251 MnoG_58 √ 431 1.34 KY490302
MnoG_8 * 2 431 1.35 KY490252 MnoG_59 *+ 6 435 1.34 KY490303
MnoG_9 * 4 431 1.35 KY490253 MnoG_60 √ 431 1.35 KY490304
MnoG_10 √ 431 1.35 KY490254 MnoG_61 * 2 431 1.34 KY490305
MnoG_11 *+ 5 435 1.35 KY490255 MnoG_62 √ 431 1.35 KY490306
MnoG_12 *+ 8 408 1.39 KY490256 MnoG_63 √ 431 1.36 KY490307
MnoG_13 √ 431 1.35 KY490257 MnoG_64 √ 431 1.35 KY490308
MnoG_14 * 1 431 1.35 KY490258 MnoG_65 *+ 9 430 1.35 KY490309
MnoG_15 * 1 431 1.35 KY490259 MnoG_66 √ 431 1.35 KY490310
MnoG_16 √ 431 1.35 KY490260 MnoG_67 √ 431 1.35 KY490311
MnoG_17 * 1 431 1.36 KY490261 MnoG_68 √ 431 1.37 KY490312
MnoG_18 *+ 10 430 1.35 KY490262 MnoG_69 * 1 431 1.35 KY490313
MnoG_19 * 1 428 1.34 KY490263 MnoG_70 * 1 431 1.38 KY490314
MnoG_20 * 1 431 1.35 KY490264 MnoG_71 * 1 431 1.35 KY490315
MnoG_21 √ 431 1.35 KY490265 MnoG_72 √ 431 1.34 KY490316
MnoG_22 *+ 8 430 1.36 KY490266 MnoG_73 √ 431 1.35 KY490317
MnoG_23 * 1 431 1.35 KY490267 MnoG_74 √ 431 1.34 KY490318
MnoG_24 * 1 431 1.35 KY490268 MnoG_75 *+ 5 430 1.38 KY490319
MnoG_25 * 2 434 1.34 KY490269 MnoG_76 √ 431 1.35 KY490320
MnoG_26 √ 431 1.34 KY490270 MnoG_77 √ 431 1.34 KY490321
MnoG_27 * 1 428 1.35 KY490271 MnoG_78 * 1 431 1.35 KY490322
MnoG_28 * 1 431 1.35 KY490272 MnoG_79 √ 431 1.35 KY490323
MnoG_29 √ 431 1.34 KY490273 MnoG_80 * 1 431 1.35 KY490324
MnoG_30 √ 431 1.38 KY490274 MnoG_81 √ 431 1.35 KY490325
MnoG_31 √ 431 1.35 KY490275 MnoG_82 √ 431 1.35 KY490326
MnoG_32 *+ 4 430 1.35 KY490276 MnoG_83 √ 431 1.35 KY490327
MnoG_33 √ 431 1.35 KY490277 MnoG_84 *+ 9 432 1.35 KY490328
MnoG_34 √ 431 1.35 KY490278 MnoG_85 * 2 422 1.36 KY490329
MnoG_35 * 1 431 1.34 KY490279 MnoG_86 √ 431 1.36 KY490330
MnoG_36 * 2 434 1.34 KY490280 MnoG_87 *+ 8 430 1.35 KY490331
MnoG_37 *+ 4 430 1.35 KY490281 MnoG_88 √ 431 1.37 KY490332
MnoG_38 * 1 431 1.35 KY490282 MnoG_89 * 2 422 1.38 KY490333
MnoG_39 √ 431 1.35 KY490283 MnoG_90 √ 431 1.35 KY490334
MnoG_40 * 2 437 1.37 KY490284 MnoG_91 *+ 6 435 1.35 KY490335
MnoG_41 * 2 422 1.35 KY490285 MnoG_92 *+ 7 426 1.35 KY490336
MnoG_42 √ 431 1.34 KY490286 MnoG_93 √ 431 1.35 KY490337
MnoG_43 * 1 428 1.36 KY490287 MnoG_94 √ 431 1.35 KY490338
MnoG_44 √ 431 1.35 KY490288 MnoG_95 * 1 431 1.37 KY490339
MnoG_45 √ 431 1.35 KY490289 MnoG_96 *+ 5 430 1.35 KY490340
MnoG_46 *+ 6 430 1.35 KY490290 MnoG_97 * 1 431 1.40 KY490341
MnoG_47 * 2 431 1.35 KY490291 MnoG_98 √ 431 1.35 KY490342
MnoG_48 * 1 431 1.34 KY490292 MnoG_99 *+ 4 430 1.34 KY490343
MnoG_49 √ 431 1.35 KY490293 MnoG_100 √ 431 1.35 KY490344
MnoG_50 * 1 431 1.35 KY490294 MnoG_101 √ 431 1.34 KY490345
MnoG_51 √ 431 1.35 KY490295

* means premature stop codons
√ means intact sequences

+ means frameshift mutation



Seq-> AB033263 AB033270 EF623980 GQ366870 GQ366978 GQ367261 GU143593 GU954448 GU190053 GU190077 JN594774 AY683016 KF279033 DQ380901 DQ380934 DQ380951 DQ380986 DQ381087 DQ381110 DQ381037

MnoG_1  0.718 0.638 0.6 0.676 0.685 0.706 0.72 0.715 0.647 0.57 0.706 0.657 0.732 0.706 0.708 0.704 0.713 0.732 0.741 0.744

MnoG_2  0.715 0.631 0.6 0.673 0.683 0.704 0.711 0.713 0.65 0.561 0.697 0.661 0.725 0.704 0.706 0.701 0.711 0.737 0.727 0.744

MnoG_3  0.953 0.603 0.586 0.701 0.664 0.676 0.704 0.685 0.643 0.549 0.659 0.676 0.711 0.676 0.678 0.687 0.697 0.73 0.683 0.732

MnoG_4  0.957 0.598 0.582 0.701 0.664 0.676 0.708 0.697 0.636 0.549 0.654 0.669 0.706 0.69 0.692 0.694 0.699 0.723 0.673 0.725

MnoG_5  0.95 0.593 0.584 0.701 0.664 0.671 0.713 0.692 0.638 0.544 0.659 0.673 0.715 0.683 0.685 0.694 0.704 0.732 0.685 0.734

MnoG_6  0.704 0.626 0.598 0.666 0.673 0.697 0.697 0.706 0.638 0.561 0.692 0.652 0.715 0.708 0.701 0.706 0.706 0.732 0.727 0.734

MnoG_7  0.706 0.631 0.598 0.636 0.631 0.643 0.701 0.687 0.654 0.579 0.657 0.64 0.727 0.68 0.678 0.692 0.715 0.734 0.697 0.734

MnoG_8  0.713 0.629 0.596 0.661 0.68 0.701 0.706 0.708 0.645 0.561 0.697 0.647 0.725 0.694 0.701 0.699 0.704 0.725 0.732 0.732

MnoG_9  0.697 0.633 0.603 0.659 0.657 0.676 0.706 0.697 0.643 0.575 0.704 0.647 0.715 0.701 0.699 0.697 0.704 0.713 0.72 0.718

MnoG_10 0.718 0.617 0.612 0.666 0.68 0.699 0.72 0.713 0.643 0.565 0.699 0.657 0.723 0.701 0.704 0.704 0.718 0.727 0.73 0.746

MnoG_11 0.617 0.678 0.638 0.563 0.537 0.544 0.598 0.624 0.589 0.586 0.584 0.586 0.612 0.638 0.638 0.629 0.654 0.622 0.586 0.622

MnoG_12 0.753 0.537 0.537 0.615 0.584 0.605 0.652 0.661 0.584 0.509 0.605 0.605 0.661 0.622 0.626 0.636 0.643 0.645 0.638 0.654

MnoG_13 0.715 0.633 0.596 0.676 0.68 0.704 0.718 0.715 0.65 0.568 0.697 0.654 0.73 0.704 0.706 0.701 0.706 0.734 0.741 0.741

MnoG_14 0.708 0.612 0.593 0.631 0.631 0.636 0.669 0.676 0.619 0.563 0.633 0.629 0.72 0.676 0.673 0.685 0.706 0.725 0.678 0.715

MnoG_15 0.589 0.636 0.659 0.556 0.535 0.553 0.582 0.579 0.539 0.629 0.582 0.546 0.61 0.589 0.591 0.582 0.593 0.589 0.598 0.598

MnoG_16 0.704 0.629 0.603 0.664 0.68 0.708 0.706 0.713 0.638 0.563 0.694 0.654 0.727 0.713 0.706 0.711 0.715 0.73 0.723 0.734

MnoG_17 0.946 0.598 0.579 0.701 0.669 0.676 0.701 0.685 0.638 0.551 0.647 0.666 0.704 0.685 0.683 0.699 0.699 0.725 0.68 0.727

MnoG_18 0.941 0.6 0.582 0.699 0.657 0.666 0.699 0.694 0.643 0.542 0.664 0.678 0.711 0.694 0.694 0.708 0.706 0.734 0.687 0.73

MnoG_19 0.565 0.657 0.657 0.556 0.544 0.568 0.575 0.579 0.537 0.607 0.568 0.551 0.612 0.596 0.593 0.598 0.598 0.57 0.603 0.579

MnoG_20 0.718 0.636 0.596 0.666 0.678 0.699 0.708 0.713 0.638 0.563 0.697 0.654 0.723 0.706 0.708 0.704 0.713 0.73 0.73 0.753

MnoG_21 0.948 0.598 0.582 0.701 0.666 0.673 0.704 0.685 0.64 0.549 0.659 0.678 0.711 0.69 0.683 0.697 0.697 0.737 0.683 0.725

MnoG_22 0.903 0.603 0.579 0.685 0.664 0.669 0.704 0.699 0.65 0.553 0.661 0.664 0.706 0.685 0.678 0.694 0.697 0.699 0.676 0.701

MnoG_23 0.711 0.615 0.575 0.629 0.624 0.626 0.683 0.673 0.629 0.561 0.636 0.64 0.687 0.68 0.676 0.697 0.704 0.723 0.676 0.725

MnoG_24 0.715 0.636 0.603 0.673 0.687 0.711 0.715 0.718 0.647 0.57 0.699 0.657 0.725 0.715 0.718 0.718 0.718 0.732 0.737 0.748

MnoG_25 0.619 0.671 0.643 0.558 0.532 0.542 0.603 0.629 0.589 0.584 0.584 0.586 0.617 0.636 0.643 0.629 0.659 0.619 0.586 0.626

MnoG_26 0.72 0.631 0.612 0.671 0.683 0.704 0.711 0.713 0.647 0.575 0.697 0.659 0.718 0.713 0.711 0.711 0.725 0.73 0.725 0.739

MnoG_27 0.568 0.647 0.666 0.549 0.537 0.565 0.579 0.579 0.532 0.603 0.568 0.556 0.612 0.598 0.596 0.596 0.605 0.57 0.596 0.582

MnoG_28 0.713 0.615 0.596 0.631 0.631 0.636 0.676 0.678 0.622 0.565 0.636 0.631 0.723 0.676 0.678 0.685 0.706 0.723 0.683 0.72

MnoG_29 0.72 0.631 0.603 0.673 0.683 0.706 0.718 0.72 0.645 0.563 0.701 0.659 0.727 0.713 0.715 0.711 0.72 0.734 0.734 0.751

MnoG_30 0.706 0.64 0.593 0.619 0.61 0.619 0.683 0.678 0.633 0.563 0.638 0.65 0.685 0.678 0.669 0.692 0.694 0.727 0.685 0.73

MnoG_31 0.95 0.596 0.586 0.704 0.664 0.673 0.706 0.694 0.638 0.542 0.661 0.676 0.713 0.692 0.69 0.704 0.701 0.734 0.683 0.73

MnoG_32 0.948 0.596 0.582 0.697 0.657 0.666 0.708 0.69 0.638 0.542 0.659 0.673 0.711 0.69 0.687 0.697 0.694 0.73 0.68 0.727

MnoG_33 0.725 0.612 0.603 0.64 0.626 0.633 0.687 0.685 0.636 0.565 0.659 0.657 0.706 0.697 0.685 0.706 0.72 0.73 0.678 0.727

MnoG_34 0.706 0.629 0.603 0.666 0.676 0.699 0.704 0.704 0.643 0.565 0.694 0.654 0.718 0.708 0.701 0.704 0.715 0.732 0.725 0.744

MnoG_35 0.708 0.617 0.589 0.631 0.631 0.636 0.673 0.676 0.622 0.565 0.636 0.631 0.715 0.68 0.673 0.685 0.706 0.73 0.678 0.72

MnoG_36 0.622 0.676 0.633 0.558 0.537 0.542 0.598 0.629 0.586 0.584 0.579 0.584 0.617 0.629 0.64 0.622 0.652 0.615 0.584 0.624

MnoG_37 0.589 0.626 0.652 0.558 0.546 0.561 0.596 0.582 0.539 0.619 0.591 0.568 0.622 0.591 0.598 0.579 0.6 0.589 0.603 0.598

MnoG_38 0.718 0.617 0.615 0.645 0.638 0.645 0.699 0.706 0.645 0.577 0.65 0.647 0.734 0.692 0.697 0.704 0.725 0.718 0.694 0.725

MnoG_39 0.715 0.626 0.6 0.666 0.676 0.699 0.715 0.713 0.645 0.565 0.692 0.661 0.715 0.708 0.706 0.708 0.715 0.734 0.725 0.746

MnoG_40 0.617 0.673 0.64 0.561 0.535 0.544 0.6 0.626 0.591 0.586 0.582 0.584 0.615 0.633 0.64 0.631 0.657 0.617 0.589 0.624

MnoG_41 0.673 0.577 0.568 0.626 0.61 0.631 0.659 0.671 0.603 0.525 0.654 0.612 0.68 0.676 0.678 0.676 0.666 0.697 0.678 0.697

MnoG_42 0.713 0.624 0.603 0.666 0.676 0.701 0.711 0.713 0.645 0.561 0.694 0.652 0.72 0.715 0.708 0.708 0.713 0.732 0.732 0.739

MnoG_43 0.57 0.654 0.659 0.553 0.542 0.565 0.582 0.577 0.537 0.607 0.572 0.556 0.615 0.591 0.593 0.589 0.598 0.568 0.603 0.579

Table S4.Identity matrix of Gypsy rt  from mulberry and other plant species.



MnoG_44 0.699 0.607 0.603 0.619 0.615 0.622 0.685 0.685 0.643 0.563 0.636 0.643 0.699 0.687 0.678 0.694 0.708 0.715 0.694 0.718

MnoG_45 0.706 0.629 0.596 0.638 0.633 0.643 0.685 0.694 0.65 0.582 0.645 0.638 0.73 0.692 0.685 0.699 0.723 0.739 0.68 0.739

MnoG_46 0.706 0.603 0.582 0.622 0.617 0.624 0.683 0.671 0.619 0.556 0.64 0.638 0.69 0.685 0.676 0.697 0.704 0.732 0.669 0.725

MnoG_47 0.725 0.612 0.61 0.647 0.624 0.636 0.704 0.708 0.654 0.577 0.657 0.647 0.725 0.697 0.701 0.706 0.725 0.72 0.701 0.734

MnoG_48 0.715 0.633 0.6 0.669 0.68 0.701 0.713 0.72 0.643 0.565 0.694 0.647 0.73 0.704 0.706 0.701 0.706 0.732 0.737 0.737

MnoG_49 0.586 0.622 0.647 0.575 0.551 0.575 0.589 0.57 0.546 0.633 0.584 0.549 0.64 0.591 0.589 0.596 0.596 0.589 0.586 0.6

MnoG_50 0.708 0.622 0.598 0.664 0.673 0.694 0.701 0.713 0.636 0.556 0.69 0.654 0.72 0.708 0.706 0.706 0.711 0.723 0.723 0.734

MnoG_51 0.943 0.589 0.579 0.699 0.659 0.671 0.701 0.678 0.631 0.537 0.654 0.669 0.704 0.676 0.673 0.687 0.697 0.732 0.673 0.723

MnoG_52 0.699 0.586 0.572 0.676 0.638 0.654 0.692 0.73 0.617 0.563 0.671 0.636 0.692 0.69 0.678 0.708 0.692 0.715 0.687 0.72

MnoG_53 0.922 0.591 0.591 0.69 0.645 0.657 0.713 0.694 0.647 0.539 0.664 0.678 0.711 0.697 0.699 0.706 0.704 0.725 0.68 0.72

MnoG_54 0.713 0.631 0.6 0.671 0.69 0.704 0.718 0.708 0.654 0.568 0.704 0.654 0.723 0.704 0.701 0.711 0.711 0.732 0.741 0.737

MnoG_55 0.706 0.619 0.598 0.638 0.636 0.643 0.692 0.69 0.645 0.577 0.647 0.64 0.732 0.687 0.683 0.699 0.723 0.734 0.685 0.737

MnoG_56 0.699 0.615 0.586 0.645 0.661 0.683 0.697 0.692 0.629 0.544 0.68 0.638 0.704 0.697 0.699 0.699 0.694 0.711 0.723 0.73

MnoG_57 0.727 0.626 0.598 0.638 0.626 0.633 0.68 0.683 0.64 0.563 0.647 0.65 0.706 0.699 0.692 0.713 0.718 0.718 0.685 0.72

MnoG_58 0.69 0.603 0.603 0.622 0.617 0.624 0.68 0.676 0.645 0.565 0.633 0.64 0.694 0.683 0.669 0.694 0.713 0.711 0.69 0.713

MnoG_59 0.619 0.676 0.638 0.561 0.535 0.544 0.603 0.629 0.591 0.586 0.582 0.584 0.617 0.631 0.643 0.629 0.654 0.615 0.591 0.626

MnoG_60 0.95 0.603 0.575 0.699 0.661 0.669 0.699 0.685 0.631 0.539 0.652 0.673 0.706 0.678 0.676 0.685 0.694 0.727 0.671 0.725

MnoG_61 0.711 0.615 0.598 0.631 0.638 0.638 0.678 0.676 0.617 0.563 0.647 0.631 0.718 0.68 0.676 0.694 0.711 0.723 0.68 0.725

MnoG_62 0.715 0.629 0.577 0.636 0.633 0.643 0.683 0.673 0.638 0.584 0.638 0.636 0.718 0.678 0.678 0.692 0.706 0.727 0.687 0.725

MnoG_63 0.948 0.593 0.591 0.704 0.664 0.673 0.711 0.694 0.645 0.542 0.661 0.673 0.715 0.69 0.687 0.701 0.699 0.737 0.683 0.734

MnoG_64 0.692 0.624 0.605 0.64 0.622 0.631 0.687 0.678 0.643 0.575 0.657 0.652 0.706 0.678 0.68 0.692 0.713 0.715 0.68 0.718

MnoG_65 0.715 0.633 0.593 0.673 0.683 0.708 0.708 0.706 0.65 0.568 0.697 0.657 0.713 0.706 0.704 0.708 0.713 0.73 0.732 0.737

MnoG_66 0.95 0.598 0.586 0.697 0.659 0.666 0.706 0.687 0.636 0.542 0.659 0.678 0.713 0.687 0.685 0.694 0.699 0.732 0.685 0.73

MnoG_67 0.723 0.633 0.603 0.669 0.68 0.699 0.708 0.715 0.647 0.565 0.699 0.659 0.725 0.715 0.708 0.708 0.713 0.741 0.73 0.739

MnoG_68 0.727 0.633 0.603 0.671 0.683 0.701 0.713 0.72 0.647 0.565 0.699 0.659 0.73 0.711 0.713 0.708 0.713 0.737 0.734 0.744

MnoG_69 0.718 0.631 0.603 0.669 0.683 0.706 0.723 0.725 0.643 0.563 0.704 0.657 0.727 0.718 0.72 0.715 0.72 0.734 0.739 0.746

MnoG_70 0.715 0.633 0.596 0.671 0.683 0.701 0.708 0.715 0.654 0.568 0.697 0.654 0.72 0.706 0.708 0.708 0.708 0.734 0.737 0.732

MnoG_71 0.715 0.631 0.603 0.676 0.68 0.704 0.718 0.708 0.645 0.568 0.699 0.657 0.72 0.711 0.708 0.713 0.718 0.73 0.739 0.744

MnoG_72 0.946 0.598 0.584 0.704 0.664 0.673 0.708 0.687 0.643 0.546 0.661 0.676 0.706 0.692 0.685 0.704 0.701 0.732 0.683 0.73

MnoG_73 0.718 0.633 0.61 0.671 0.683 0.704 0.708 0.72 0.645 0.57 0.697 0.659 0.725 0.711 0.713 0.708 0.723 0.727 0.727 0.744

MnoG_74 0.72 0.64 0.607 0.671 0.68 0.704 0.713 0.72 0.643 0.565 0.699 0.657 0.727 0.713 0.715 0.711 0.715 0.734 0.739 0.751

MnoG_75 0.706 0.617 0.605 0.629 0.629 0.638 0.669 0.68 0.636 0.572 0.643 0.629 0.73 0.671 0.666 0.68 0.701 0.723 0.678 0.725

MnoG_76 0.718 0.638 0.6 0.673 0.69 0.713 0.72 0.72 0.645 0.57 0.701 0.657 0.727 0.708 0.711 0.711 0.711 0.732 0.737 0.739

MnoG_77 0.715 0.638 0.598 0.676 0.683 0.711 0.718 0.715 0.647 0.565 0.699 0.652 0.727 0.706 0.708 0.708 0.713 0.727 0.744 0.753

MnoG_78 0.708 0.61 0.596 0.629 0.629 0.633 0.676 0.678 0.619 0.563 0.633 0.629 0.723 0.676 0.678 0.685 0.711 0.718 0.678 0.725

MnoG_79 0.69 0.612 0.598 0.624 0.626 0.633 0.68 0.666 0.64 0.575 0.645 0.633 0.699 0.664 0.664 0.683 0.711 0.715 0.683 0.718

MnoG_80 0.715 0.636 0.598 0.659 0.671 0.692 0.701 0.706 0.638 0.572 0.694 0.654 0.727 0.708 0.706 0.704 0.706 0.725 0.727 0.739

MnoG_81 0.72 0.633 0.607 0.676 0.685 0.708 0.715 0.713 0.65 0.568 0.701 0.659 0.725 0.708 0.711 0.711 0.715 0.732 0.739 0.741

MnoG_82 0.948 0.596 0.582 0.701 0.659 0.671 0.711 0.685 0.633 0.546 0.661 0.673 0.708 0.685 0.683 0.697 0.697 0.725 0.68 0.727

MnoG_83 0.718 0.631 0.593 0.676 0.683 0.711 0.718 0.713 0.645 0.568 0.699 0.654 0.723 0.704 0.706 0.706 0.711 0.73 0.739 0.746

MnoG_84 0.713 0.624 0.607 0.673 0.678 0.701 0.708 0.718 0.64 0.563 0.701 0.657 0.725 0.715 0.713 0.713 0.718 0.732 0.732 0.739

MnoG_85 0.676 0.579 0.565 0.629 0.612 0.633 0.661 0.669 0.605 0.528 0.657 0.615 0.678 0.673 0.676 0.673 0.664 0.699 0.68 0.694

MnoG_86 0.72 0.624 0.61 0.676 0.68 0.708 0.725 0.715 0.647 0.563 0.704 0.661 0.725 0.711 0.708 0.708 0.723 0.734 0.73 0.746

MnoG_87 0.72 0.626 0.6 0.673 0.678 0.708 0.715 0.72 0.647 0.561 0.701 0.659 0.727 0.713 0.715 0.711 0.72 0.734 0.734 0.751

MnoG_88 0.697 0.612 0.584 0.671 0.673 0.706 0.704 0.708 0.636 0.556 0.687 0.647 0.723 0.701 0.704 0.704 0.708 0.723 0.727 0.737

MnoG_89 0.673 0.584 0.565 0.624 0.607 0.629 0.65 0.664 0.6 0.53 0.65 0.615 0.676 0.671 0.669 0.671 0.659 0.692 0.673 0.683



MnoG_90 0.708 0.626 0.6 0.671 0.68 0.706 0.711 0.711 0.647 0.558 0.694 0.654 0.725 0.706 0.704 0.713 0.718 0.739 0.73 0.741

MnoG_91 0.619 0.671 0.638 0.561 0.535 0.544 0.607 0.624 0.591 0.586 0.586 0.589 0.612 0.631 0.638 0.624 0.659 0.619 0.586 0.626

MnoG_92 0.685 0.607 0.575 0.643 0.657 0.68 0.687 0.678 0.624 0.539 0.676 0.633 0.694 0.687 0.68 0.685 0.69 0.711 0.708 0.718

MnoG_93 0.72 0.633 0.605 0.676 0.683 0.706 0.718 0.715 0.645 0.565 0.701 0.661 0.723 0.708 0.711 0.706 0.72 0.732 0.737 0.751

MnoG_94 0.713 0.626 0.603 0.669 0.676 0.704 0.708 0.708 0.64 0.563 0.699 0.654 0.723 0.713 0.706 0.706 0.713 0.734 0.73 0.737

MnoG_95 0.708 0.615 0.596 0.626 0.626 0.631 0.671 0.678 0.619 0.563 0.633 0.629 0.718 0.685 0.678 0.69 0.706 0.727 0.678 0.72

MnoG_96 0.711 0.615 0.589 0.629 0.624 0.631 0.676 0.678 0.626 0.549 0.643 0.643 0.701 0.687 0.68 0.706 0.72 0.711 0.687 0.711

MnoG_97 0.708 0.619 0.591 0.629 0.629 0.633 0.666 0.673 0.622 0.568 0.629 0.626 0.713 0.68 0.673 0.69 0.701 0.723 0.678 0.715

MnoG_98 0.948 0.589 0.582 0.699 0.664 0.671 0.708 0.685 0.636 0.544 0.659 0.678 0.711 0.685 0.683 0.692 0.701 0.732 0.678 0.73

MnoG_99 0.584 0.61 0.659 0.561 0.549 0.563 0.596 0.579 0.539 0.617 0.591 0.568 0.626 0.591 0.598 0.584 0.615 0.584 0.596 0.603

MnoG_100 0.706 0.629 0.596 0.643 0.638 0.647 0.685 0.694 0.652 0.584 0.643 0.636 0.73 0.687 0.685 0.704 0.723 0.734 0.685 0.739

MnoG_101 0.718 0.643 0.6 0.678 0.687 0.708 0.715 0.715 0.65 0.572 0.704 0.654 0.732 0.706 0.708 0.708 0.708 0.732 0.746 0.739



Seq-> M94476 EF623909 EF581562 EF581741 AM182623 M94485 AF227023 AY116449 AF416802 AB080618 GU143570 GU734715 GU976614 HM627352 HM627371 GU189773 GU189780 GU189853 GU189910 GU190004 HM036504 AF072652 JQ003711 JQ417780 JQ417824 AJ239203 KF279005 AJ131367 AJ829943 AJ829977 KF999787 DQ376480

MnoC_1 0.66 0.535 0.583 0.569 0.43 0.645 0.631 0.492 0.708 0.502 0.679 0.416 0.569 0.365 0.368 0.66 0.765 0.578 0.77 0.564 0.636 0.679 0.645 0.578 0.521 0.449 0.559 0.535 0.473 0.478 0.617 0.641

MnoC_2 0.559 0.606 0.567 0.555 0.524 0.526 0.543 0.492 0.492 0.478 0.507 0.382 0.578 0.358 0.354 0.545 0.559 0.555 0.545 0.606 0.555 0.54 0.497 0.555 0.587 0.435 0.621 0.535 0.538 0.459 0.574 0.511

MnoC_3 0.511 0.611 0.567 0.578 0.538 0.559 0.563 0.459 0.483 0.421 0.526 0.339 0.588 0.368 0.325 0.507 0.564 0.564 0.564 0.567 0.526 0.555 0.478 0.569 0.514 0.44 0.597 0.464 0.514 0.425 0.583 0.502

MnoC_4 0.588 0.507 0.583 0.574 0.421 0.593 0.598 0.497 0.531 0.511 0.612 0.373 0.54 0.387 0.411 0.698 0.564 0.545 0.555 0.55 0.65 0.631 0.722 0.574 0.492 0.411 0.54 0.511 0.416 0.444 0.598 0.645

MnoC_5 0.598 0.497 0.583 0.598 0.397 0.679 0.655 0.497 0.578 0.521 0.669 0.367 0.564 0.306 0.382 0.693 0.65 0.578 0.626 0.55 0.636 0.674 0.688 0.607 0.507 0.449 0.55 0.564 0.435 0.421 0.569 0.645

MnoC_6 0.593 0.564 0.684 0.679 0.473 0.598 0.54 0.497 0.555 0.483 0.569 0.397 0.588 0.387 0.373 0.602 0.641 0.727 0.645 0.593 0.622 0.612 0.602 0.688 0.526 0.641 0.545 0.545 0.449 0.535 0.765 0.574

MnoC_7 0.665 0.531 0.617 0.598 0.459 0.66 0.645 0.497 0.732 0.507 0.66 0.411 0.598 0.368 0.377 0.693 0.779 0.598 0.775 0.602 0.665 0.679 0.66 0.593 0.521 0.473 0.588 0.564 0.497 0.488 0.626 0.641

MnoC_8 0.574 0.555 0.636 0.631 0.459 0.55 0.598 0.473 0.545 0.449 0.54 0.368 0.555 0.363 0.387 0.559 0.626 0.765 0.598 0.588 0.574 0.55 0.578 0.636 0.55 0.641 0.578 0.511 0.468 0.545 0.76 0.526

MnoC_9 0.535 0.511 0.655 0.665 0.468 0.54 0.502 0.425 0.468 0.43 0.507 0.368 0.531 0.381 0.376 0.54 0.559 0.626 0.569 0.526 0.54 0.497 0.531 0.641 0.488 0.521 0.507 0.447 0.449 0.483 0.645 0.492

MnoC_10 0.645 0.564 0.588 0.607 0.406 0.669 0.65 0.516 0.602 0.535 0.698 0.397 0.574 0.363 0.406 0.722 0.669 0.559 0.655 0.598 0.674 0.703 0.717 0.607 0.545 0.449 0.545 0.545 0.435 0.43 0.598 0.703

MnoC_11 0.555 0.555 0.712 0.717 0.435 0.55 0.545 0.468 0.511 0.459 0.559 0.401 0.598 0.363 0.354 0.521 0.593 0.693 0.583 0.559 0.535 0.569 0.55 0.727 0.583 0.569 0.55 0.497 0.411 0.492 0.674 0.578

MnoC_12 0.655 0.559 0.626 0.583 0.444 0.717 0.722 0.478 0.622 0.516 0.679 0.392 0.569 0.344 0.392 0.669 0.645 0.626 0.626 0.55 0.622 0.66 0.655 0.588 0.531 0.473 0.593 0.55 0.468 0.421 0.569 0.631

MnoC_13 0.569 0.55 0.631 0.631 0.44 0.531 0.574 0.444 0.483 0.411 0.559 0.368 0.564 0.373 0.349 0.569 0.559 0.708 0.564 0.578 0.555 0.511 0.569 0.65 0.516 0.622 0.574 0.516 0.425 0.555 0.751 0.545

MnoC_14 0.598 0.708 0.631 0.626 0.495 0.574 0.567 0.468 0.521 0.435 0.545 0.382 0.617 0.344 0.344 0.555 0.569 0.593 0.559 0.582 0.598 0.607 0.55 0.626 0.626 0.43 0.606 0.535 0.529 0.425 0.574 0.526

MnoC_15 0.612 0.55 0.588 0.607 0.468 0.684 0.574 0.497 0.531 0.502 0.612 0.349 0.593 0.392 0.397 0.636 0.578 0.602 0.578 0.555 0.598 0.636 0.679 0.598 0.535 0.507 0.526 0.507 0.421 0.406 0.593 0.588

MnoC_16 0.641 0.574 0.588 0.617 0.454 0.66 0.626 0.468 0.622 0.555 0.732 0.382 0.583 0.349 0.382 0.669 0.698 0.598 0.698 0.555 0.645 0.669 0.636 0.631 0.497 0.473 0.54 0.55 0.444 0.464 0.631 0.636

MnoC_17 0.645 0.55 0.602 0.607 0.401 0.669 0.66 0.521 0.617 0.55 0.703 0.411 0.583 0.373 0.406 0.732 0.679 0.564 0.665 0.593 0.679 0.712 0.703 0.612 0.531 0.454 0.555 0.564 0.435 0.435 0.602 0.698

MnoC_18 0.507 0.631 0.601 0.598 0.524 0.578 0.553 0.464 0.521 0.459 0.531 0.358 0.607 0.382 0.344 0.531 0.559 0.559 0.564 0.597 0.521 0.559 0.478 0.593 0.553 0.444 0.611 0.464 0.538 0.449 0.569 0.521

MnoC_19 0.602 0.55 0.665 0.665 0.473 0.593 0.54 0.497 0.535 0.478 0.564 0.397 0.583 0.382 0.377 0.588 0.626 0.712 0.631 0.578 0.607 0.593 0.598 0.688 0.516 0.641 0.54 0.54 0.449 0.535 0.76 0.564

MnoC_20 0.588 0.574 0.679 0.698 0.488 0.622 0.583 0.488 0.588 0.497 0.593 0.411 0.574 0.354 0.406 0.655 0.698 0.775 0.674 0.626 0.578 0.622 0.622 0.679 0.521 0.636 0.559 0.574 0.464 0.54 0.732 0.555

MnoC_21 0.583 0.559 0.574 0.574 0.459 0.598 0.593 0.735 0.567 0.483 0.564 0.377 0.578 0.382 0.382 0.598 0.607 0.559 0.607 0.569 0.598 0.607 0.593 0.569 0.507 0.497 0.54 0.569 0.459 0.444 0.588 0.578

MnoC_22 0.588 0.54 0.559 0.535 0.411 0.607 0.593 0.511 0.526 0.497 0.622 0.344 0.574 0.382 0.435 0.679 0.555 0.559 0.55 0.593 0.607 0.602 0.693 0.545 0.55 0.459 0.535 0.521 0.387 0.43 0.564 0.645

MnoC_23 0.535 0.574 0.665 0.692 0.478 0.598 0.569 0.475 0.55 0.478 0.559 0.377 0.559 0.373 0.43 0.65 0.626 0.76 0.631 0.622 0.593 0.583 0.607 0.677 0.511 0.607 0.55 0.55 0.483 0.55 0.736 0.55

MnoC_24 0.574 0.611 0.572 0.545 0.524 0.526 0.553 0.492 0.497 0.483 0.507 0.392 0.593 0.354 0.344 0.545 0.559 0.559 0.54 0.597 0.564 0.535 0.497 0.564 0.577 0.435 0.626 0.54 0.538 0.459 0.574 0.516

MnoC_25 0.593 0.54 0.669 0.66 0.449 0.569 0.535 0.416 0.507 0.444 0.545 0.368 0.559 0.339 0.368 0.55 0.602 0.641 0.607 0.574 0.574 0.559 0.545 0.669 0.511 0.516 0.564 0.464 0.464 0.588 0.641 0.502

MnoC_26 0.588 0.555 0.698 0.717 0.421 0.564 0.602 0.464 0.555 0.444 0.559 0.358 0.569 0.358 0.411 0.578 0.636 0.76 0.641 0.602 0.569 0.574 0.588 0.698 0.55 0.622 0.559 0.507 0.483 0.54 0.751 0.55

MnoC_27 0.593 0.684 0.635 0.631 0.504 0.564 0.563 0.473 0.521 0.444 0.545 0.373 0.631 0.354 0.334 0.55 0.555 0.588 0.55 0.582 0.598 0.598 0.545 0.641 0.621 0.435 0.616 0.54 0.533 0.43 0.578 0.516

MnoC_28 0.583 0.569 0.693 0.688 0.483 0.583 0.545 0.497 0.569 0.488 0.545 0.382 0.617 0.377 0.387 0.641 0.622 0.775 0.617 0.607 0.636 0.626 0.612 0.684 0.521 0.65 0.54 0.559 0.473 0.555 0.775 0.574

MnoC_29 0.492 0.597 0.587 0.593 0.538 0.555 0.563 0.459 0.492 0.425 0.521 0.339 0.583 0.373 0.334 0.531 0.578 0.559 0.559 0.582 0.521 0.564 0.483 0.569 0.514 0.44 0.611 0.473 0.514 0.425 0.588 0.502

MnoC_30 0.516 0.631 0.582 0.598 0.558 0.574 0.558 0.483 0.497 0.421 0.526 0.339 0.602 0.377 0.339 0.535 0.574 0.564 0.559 0.592 0.531 0.564 0.502 0.578 0.543 0.444 0.592 0.497 0.519 0.459 0.555 0.511

MnoC_31 0.607 0.587 0.553 0.555 0.422 0.622 0.611 0.497 0.531 0.521 0.636 0.363 0.574 0.368 0.416 0.674 0.555 0.559 0.564 0.592 0.593 0.641 0.669 0.564 0.558 0.454 0.533 0.516 0.402 0.411 0.564 0.641

MnoC_32 0.569 0.611 0.567 0.559 0.524 0.531 0.538 0.492 0.497 0.473 0.511 0.377 0.593 0.349 0.354 0.545 0.559 0.55 0.545 0.597 0.564 0.545 0.507 0.569 0.587 0.435 0.616 0.531 0.538 0.459 0.564 0.521

MnoC_33 0.669 0.531 0.588 0.569 0.43 0.655 0.641 0.497 0.712 0.531 0.674 0.416 0.574 0.377 0.382 0.674 0.76 0.593 0.76 0.559 0.641 0.679 0.645 0.564 0.526 0.454 0.564 0.526 0.473 0.483 0.631 0.641

MnoC_34 0.645 0.507 0.569 0.559 0.43 0.65 0.607 0.478 0.712 0.511 0.669 0.416 0.583 0.392 0.377 0.665 0.727 0.564 0.736 0.578 0.626 0.674 0.641 0.555 0.497 0.454 0.545 0.511 0.44 0.454 0.593 0.626

MnoC_35 0.588 0.54 0.684 0.665 0.449 0.578 0.54 0.421 0.516 0.459 0.545 0.373 0.559 0.354 0.363 0.555 0.612 0.641 0.626 0.578 0.578 0.555 0.555 0.669 0.511 0.516 0.574 0.473 0.464 0.588 0.641 0.507

MnoC_36 0.593 0.54 0.593 0.612 0.468 0.674 0.564 0.497 0.531 0.507 0.626 0.354 0.593 0.401 0.397 0.636 0.578 0.593 0.593 0.564 0.583 0.645 0.679 0.607 0.54 0.507 0.531 0.511 0.421 0.406 0.588 0.583

MnoC_37 0.55 0.559 0.574 0.588 0.444 0.559 0.569 0.435 0.497 0.421 0.54 0.339 0.622 0.344 0.32 0.526 0.545 0.555 0.555 0.574 0.531 0.54 0.531 0.588 0.622 0.425 0.626 0.478 0.478 0.444 0.535 0.521

MnoC_38 0.645 0.559 0.564 0.578 0.478 0.693 0.703 0.521 0.588 0.555 0.741 0.406 0.578 0.373 0.377 0.722 0.665 0.583 0.674 0.569 0.65 0.679 0.722 0.569 0.526 0.464 0.516 0.583 0.449 0.44 0.622 0.636

MnoC_39 0.578 0.555 0.641 0.688 0.492 0.559 0.55 0.44 0.492 0.449 0.555 0.363 0.564 0.354 0.368 0.583 0.602 0.712 0.607 0.583 0.593 0.569 0.588 0.688 0.497 0.655 0.516 0.521 0.459 0.516 0.732 0.535

MnoC_40 0.588 0.545 0.569 0.578 0.401 0.655 0.645 0.492 0.559 0.488 0.631 0.344 0.583 0.354 0.377 0.66 0.602 0.583 0.583 0.569 0.688 0.665 0.679 0.574 0.531 0.454 0.564 0.54 0.43 0.425 0.569 0.607

MnoC_41 0.578 0.55 0.65 0.66 0.416 0.545 0.588 0.444 0.516 0.421 0.535 0.354 0.535 0.344 0.382 0.569 0.559 0.751 0.564 0.574 0.559 0.55 0.555 0.665 0.521 0.598 0.569 0.511 0.421 0.521 0.717 0.55

MnoC_42 0.569 0.545 0.645 0.636 0.421 0.578 0.555 0.44 0.483 0.44 0.54 0.382 0.559 0.349 0.392 0.555 0.559 0.736 0.564 0.564 0.569 0.535 0.55 0.66 0.497 0.622 0.578 0.492 0.435 0.54 0.712 0.535

MnoC_43 0.617 0.516 0.578 0.593 0.421 0.617 0.612 0.483 0.54 0.492 0.631 0.373 0.555 0.382 0.392 0.665 0.569 0.555 0.574 0.564 0.645 0.645 0.717 0.593 0.516 0.392 0.531 0.507 0.421 0.444 0.588 0.607

MnoC_44 0.607 0.55 0.564 0.583 0.454 0.66 0.564 0.473 0.531 0.473 0.617 0.33 0.602 0.358 0.377 0.602 0.578 0.602 0.583 0.569 0.598 0.669 0.684 0.588 0.531 0.507 0.526 0.502 0.425 0.401 0.559 0.555

MnoC_45 0.645 0.574 0.588 0.622 0.454 0.669 0.631 0.468 0.631 0.564 0.717 0.397 0.593 0.349 0.382 0.679 0.698 0.598 0.693 0.555 0.655 0.679 0.636 0.622 0.492 0.473 0.545 0.555 0.444 0.464 0.641 0.626

MnoC_46 0.65 0.592 0.572 0.593 0.441 0.684 0.669 0.511 0.612 0.516 0.617 0.311 0.545 0.344 0.382 0.617 0.684 0.564 0.665 0.543 0.622 0.645 0.679 0.578 0.548 0.483 0.601 0.545 0.485 0.425 0.574 0.636

MnoC_47 0.574 0.545 0.545 0.526 0.401 0.598 0.583 0.507 0.526 0.488 0.602 0.363 0.569 0.373 0.435 0.669 0.535 0.555 0.535 0.574 0.607 0.607 0.674 0.526 0.531 0.449 0.521 0.507 0.377 0.421 0.555 0.631

MnoC_48 0.598 0.507 0.559 0.564 0.421 0.593 0.602 0.502 0.511 0.507 0.593 0.368 0.526 0.387 0.401 0.679 0.545 0.545 0.531 0.55 0.641 0.622 0.712 0.55 0.488 0.411 0.521 0.507 0.416 0.444 0.598 0.626

MnoC_49 0.526 0.65 0.558 0.555 0.504 0.559 0.533 0.44 0.497 0.411 0.516 0.358 0.593 0.373 0.368 0.564 0.555 0.574 0.55 0.65 0.564 0.559 0.54 0.578 0.5 0.478 0.558 0.502 0.514 0.43 0.574 0.526

MnoC_50 0.588 0.54 0.665 0.665 0.44 0.578 0.535 0.473 0.54 0.478 0.545 0.401 0.555 0.377 0.363 0.593 0.636 0.688 0.622 0.574 0.607 0.607 0.578 0.669 0.507 0.612 0.54 0.516 0.425 0.516 0.746 0.555

MnoC_51 0.598 0.502 0.564 0.578 0.421 0.602 0.588 0.497 0.521 0.507 0.612 0.363 0.54 0.387 0.411 0.688 0.555 0.531 0.555 0.555 0.645 0.626 0.722 0.569 0.497 0.411 0.531 0.507 0.416 0.444 0.593 0.636

MnoC_52 0.602 0.497 0.574 0.593 0.397 0.679 0.66 0.497 0.569 0.516 0.674 0.362 0.559 0.306 0.373 0.688 0.65 0.578 0.622 0.555 0.622 0.674 0.688 0.607 0.511 0.449 0.545 0.559 0.435 0.421 0.564 0.636

MnoC_53 0.602 0.55 0.569 0.545 0.387 0.65 0.641 0.478 0.555 0.741 0.669 0.344 0.521 0.363 0.377 0.669 0.598 0.545 0.588 0.516 0.583 0.688 0.612 0.55 0.497 0.43 0.574 0.559 0.416 0.387 0.555 0.669

MnoC_54 0.535 0.535 0.66 0.693 0.449 0.535 0.578 0.483 0.516 0.459 0.555 0.363 0.55 0.344 0.363 0.583 0.593 0.751 0.598 0.583 0.598 0.564 0.593 0.684 0.497 0.636 0.583 0.555 0.449 0.574 0.736 0.559

MnoC_55 0.641 0.478 0.507 0.507 0.373 0.588 0.588 0.434 0.622 0.449 0.593 0.37 0.492 0.33 0.357 0.583 0.669 0.511 0.669 0.488 0.564 0.602 0.583 0.516 0.459 0.406 0.507 0.478 0.411 0.44 0.555 0.578

MnoC_56 0.602 0.689 0.631 0.612 0.49 0.569 0.587 0.464 0.516 0.44 0.535 0.392 0.612 0.344 0.344 0.55 0.569 0.588 0.535 0.572 0.583 0.598 0.559 0.617 0.611 0.425 0.611 0.545 0.529 0.425 0.564 0.502

MnoC_57 0.502 0.606 0.577 0.578 0.538 0.545 0.553 0.459 0.492 0.425 0.54 0.344 0.602 0.373 0.325 0.502 0.564 0.559 0.569 0.567 0.531 0.569 0.478 0.578 0.519 0.44 0.597 0.473 0.514 0.425 0.578 0.502

MnoC_58 0.645 0.577 0.567 0.588 0.436 0.679 0.665 0.507 0.612 0.521 0.612 0.32 0.545 0.354 0.377 0.617 0.669 0.55 0.66 0.543 0.622 0.641 0.665 0.574 0.533 0.478 0.606 0.545 0.48 0.421 0.574 0.631

MnoC_59 0.583 0.543 0.669 0.679 0.495 0.574 0.577 0.425 0.531 0.444 0.526 0.373 0.574 0.33 0.358 0.54 0.602 0.66 0.617 0.548 0.578 0.55 0.564 0.66 0.529 0.521 0.582 0.488 0.5 0.516 0.665 0.521

MnoC_60 0.588 0.545 0.622 0.612 0.411 0.765 0.655 0.483 0.602 0.535 0.698 0.406 0.535 0.387 0.382 0.665 0.641 0.583 0.65 0.545 0.617 0.684 0.679 0.622 0.54 0.473 0.535 0.531 0.43 0.387 0.593 0.674

MnoC_61 0.583 0.555 0.535 0.564 0.421 0.631 0.636 0.507 0.574 0.535 0.688 0.33 0.574 0.382 0.358 0.665 0.598 0.564 0.612 0.559 0.631 0.669 0.698 0.555 0.521 0.473 0.511 0.555 0.425 0.392 0.569 0.631

MnoC_62 0.607 0.55 0.574 0.545 0.387 0.66 0.645 0.483 0.564 0.76 0.66 0.368 0.535 0.368 0.368 0.669 0.593 0.545 0.598 0.511 0.588 0.693 0.617 0.545 0.478 0.43 0.569 0.578 0.416 0.387 0.555 0.655

MnoC_63 0.526 0.553 0.587 0.598 0.456 0.55 0.514 0.416 0.492 0.44 0.54 0.377 0.622 0.339 0.325 0.55 0.555 0.559 0.54 0.577 0.545 0.564 0.583 0.612 0.621 0.444 0.679 0.473 0.456 0.401 0.574 0.569

MnoC_64 0.526 0.545 0.65 0.688 0.449 0.535 0.588 0.468 0.497 0.459 0.555 0.368 0.535 0.344 0.382 0.588 0.583 0.779 0.578 0.578 0.602 0.559 0.578 0.684 0.488 0.631 0.574 0.545 0.44 0.564 0.746 0.569

MnoC_65 0.593 0.559 0.679 0.684 0.473 0.598 0.54 0.497 0.55 0.483 0.564 0.387 0.583 0.377 0.377 0.607 0.636 0.727 0.636 0.598 0.622 0.622 0.602 0.684 0.521 0.645 0.54 0.545 0.449 0.535 0.775 0.564

MnoC_66 0.688 0.531 0.598 0.583 0.444 0.669 0.66 0.511 0.732 0.526 0.679 0.43 0.588 0.373 0.373 0.703 0.794 0.602 0.775 0.588 0.65 0.703 0.665 0.578 0.516 0.459 0.578 0.555 0.478 0.488 0.626 0.631

MnoC_67 0.684 0.535 0.583 0.578 0.444 0.655 0.645 0.507 0.727 0.521 0.684 0.435 0.593 0.368 0.387 0.684 0.775 0.598 0.779 0.574 0.66 0.712 0.655 0.578 0.521 0.459 0.569 0.545 0.478 0.488 0.631 0.636

MnoC_68 0.535 0.64 0.596 0.564 0.592 0.588 0.611 0.497 0.497 0.435 0.55 0.354 0.569 0.358 0.33 0.55 0.588 0.578 0.574 0.592 0.555 0.535 0.569 0.574 0.563 0.464 0.645 0.55 0.616 0.435 0.617 0.536

MnoC_69 0.492 0.66 0.572 0.564 0.519 0.502 0.543 0.478 0.511 0.444 0.531 0.334 0.598 0.387 0.363 0.545 0.54 0.564 0.521 0.655 0.535 0.559 0.507 0.559 0.509 0.478 0.577 0.511 0.504 0.416 0.578 0.535

MnoC_70 0.55 0.578 0.665 0.674 0.497 0.588 0.588 0.468 0.569 0.468 0.593 0.387 0.569 0.373 0.43 0.617 0.626 0.784 0.622 0.607 0.593 0.574 0.612 0.679 0.545 0.65 0.555 0.545 0.468 0.545 0.712 0.54

MnoC_71 0.516 0.66 0.567 0.55 0.519 0.502 0.548 0.488 0.516 0.444 0.535 0.339 0.607 0.382 0.358 0.545 0.54 0.569 0.531 0.66 0.55 0.559 0.497 0.559 0.514 0.478 0.587 0.516 0.5 0.421 0.588 0.521

MnoC_72 0.583 0.574 0.65 0.65 0.425 0.598 0.578 0.464 0.507 0.464 0.578 0.368 0.54 0.358 0.387 0.598 0.559 0.732 0.555 0.559 0.583 0.545 0.593 0.65 0.521 0.617 0.578 0.497 0.454 0.555 0.746 0.578

MnoC_73 0.569 0.541 0.526 0.521 0.444 0.569 0.618 0.535 0.521 0.497 0.574 0.344 0.545 0.325 0.291 0.593 0.593 0.54 0.588 0.57 0.579 0.598 0.617 0.507 0.478 0.444 0.531 0.674 0.425 0.401 0.555 0.598

MnoC_74 0.645 0.578 0.583 0.617 0.459 0.665 0.626 0.473 0.617 0.559 0.722 0.382 0.578 0.339 0.382 0.669 0.703 0.593 0.693 0.555 0.641 0.665 0.641 0.622 0.502 0.468 0.535 0.555 0.449 0.459 0.626 0.622

MnoC_75 0.559 0.555 0.65 0.645 0.411 0.583 0.555 0.459 0.483 0.444 0.574 0.358 0.526 0.334 0.373 0.602 0.555 0.736 0.545 0.54 0.559 0.526 0.578 0.65 0.521 0.612 0.569 0.483 0.43 0.54 0.727 0.569

Table S4.Identity matrix of Copia rt  from mulberry and other plant species.



MnoC_76 0.588 0.577 0.563 0.559 0.432 0.559 0.616 0.473 0.54 0.492 0.559 0.315 0.578 0.382 0.33 0.574 0.612 0.593 0.593 0.592 0.626 0.602 0.578 0.559 0.577 0.464 0.635 0.531 0.49 0.435 0.598 0.555

MnoC_77 0.598 0.579 0.531 0.516 0.463 0.583 0.618 0.545 0.545 0.492 0.583 0.354 0.578 0.334 0.311 0.593 0.607 0.564 0.602 0.608 0.623 0.612 0.641 0.521 0.512 0.483 0.545 0.688 0.463 0.425 0.564 0.598

MnoC_78 0.598 0.564 0.65 0.655 0.411 0.593 0.578 0.468 0.507 0.468 0.564 0.363 0.545 0.349 0.363 0.607 0.55 0.736 0.564 0.564 0.578 0.574 0.569 0.65 0.511 0.631 0.564 0.516 0.44 0.54 0.76 0.555

MnoC_79 0.593 0.599 0.541 0.526 0.463 0.602 0.637 0.545 0.535 0.507 0.569 0.368 0.569 0.315 0.315 0.602 0.612 0.569 0.602 0.579 0.623 0.617 0.645 0.516 0.487 0.464 0.521 0.712 0.454 0.421 0.574 0.617

MnoC_80 0.598 0.572 0.718 0.708 0.519 0.631 0.558 0.464 0.559 0.444 0.555 0.411 0.593 0.339 0.392 0.574 0.626 0.698 0.617 0.577 0.593 0.559 0.593 0.698 0.572 0.569 0.601 0.511 0.519 0.545 0.693 0.535

MnoC_81 0.645 0.574 0.588 0.622 0.454 0.669 0.626 0.468 0.622 0.555 0.727 0.382 0.588 0.344 0.387 0.674 0.708 0.598 0.698 0.555 0.641 0.669 0.645 0.631 0.502 0.473 0.54 0.55 0.444 0.464 0.631 0.626

MnoC_82 0.665 0.531 0.593 0.569 0.444 0.636 0.631 0.488 0.708 0.488 0.674 0.411 0.574 0.363 0.387 0.669 0.789 0.583 0.775 0.564 0.636 0.665 0.655 0.574 0.521 0.473 0.564 0.526 0.464 0.497 0.636 0.65

MnoC_83 0.645 0.54 0.564 0.564 0.478 0.688 0.703 0.526 0.588 0.555 0.736 0.401 0.569 0.387 0.377 0.722 0.665 0.574 0.65 0.564 0.645 0.669 0.722 0.555 0.526 0.459 0.511 0.588 0.449 0.43 0.612 0.631

MnoC_84 0.502 0.66 0.582 0.555 0.538 0.521 0.563 0.488 0.516 0.454 0.54 0.344 0.593 0.401 0.354 0.545 0.55 0.569 0.545 0.645 0.526 0.54 0.531 0.564 0.519 0.483 0.587 0.531 0.529 0.421 0.564 0.531

MnoC_85 0.574 0.574 0.645 0.669 0.468 0.516 0.569 0.473 0.488 0.435 0.531 0.358 0.583 0.354 0.349 0.521 0.521 0.641 0.526 0.555 0.531 0.521 0.583 0.669 0.511 0.535 0.511 0.483 0.435 0.468 0.66 0.488

MnoC_86 0.645 0.577 0.567 0.583 0.441 0.669 0.665 0.511 0.607 0.516 0.622 0.311 0.545 0.349 0.382 0.617 0.674 0.559 0.66 0.558 0.612 0.645 0.66 0.574 0.538 0.483 0.601 0.55 0.485 0.425 0.583 0.622

MnoC_87 0.574 0.572 0.524 0.516 0.466 0.574 0.616 0.54 0.526 0.488 0.578 0.339 0.564 0.315 0.296 0.588 0.602 0.555 0.602 0.601 0.586 0.593 0.612 0.507 0.49 0.454 0.548 0.688 0.436 0.425 0.578 0.574

MnoC_88 0.531 0.497 0.65 0.655 0.468 0.535 0.492 0.421 0.454 0.425 0.521 0.363 0.521 0.386 0.386 0.526 0.555 0.612 0.569 0.516 0.521 0.478 0.535 0.655 0.492 0.521 0.507 0.447 0.449 0.483 0.626 0.497

MnoC_89 0.803 0.502 0.588 0.574 0.421 0.641 0.641 0.483 0.65 0.459 0.665 0.377 0.516 0.339 0.349 0.665 0.703 0.569 0.703 0.559 0.598 0.626 0.612 0.588 0.531 0.425 0.574 0.531 0.416 0.43 0.569 0.631

MnoC_90 0.583 0.583 0.674 0.665 0.43 0.607 0.574 0.473 0.516 0.478 0.588 0.382 0.555 0.354 0.382 0.617 0.564 0.76 0.574 0.559 0.593 0.559 0.593 0.665 0.521 0.631 0.583 0.511 0.449 0.559 0.755 0.574

MnoC_91 0.583 0.545 0.535 0.564 0.421 0.636 0.641 0.507 0.578 0.54 0.693 0.325 0.574 0.397 0.354 0.665 0.602 0.555 0.612 0.559 0.631 0.669 0.703 0.555 0.531 0.473 0.521 0.55 0.425 0.392 0.564 0.631

MnoC_92 0.578 0.545 0.674 0.674 0.44 0.569 0.535 0.478 0.535 0.468 0.545 0.392 0.559 0.363 0.373 0.598 0.645 0.698 0.626 0.564 0.612 0.602 0.583 0.684 0.507 0.617 0.54 0.516 0.425 0.516 0.746 0.569

MnoC_93 0.583 0.559 0.65 0.655 0.449 0.559 0.593 0.459 0.492 0.444 0.574 0.368 0.578 0.368 0.377 0.583 0.578 0.722 0.569 0.578 0.559 0.535 0.598 0.66 0.535 0.617 0.555 0.531 0.43 0.535 0.732 0.55

MnoC_94 0.803 0.511 0.583 0.578 0.421 0.65 0.645 0.488 0.65 0.464 0.65 0.382 0.511 0.339 0.349 0.669 0.703 0.578 0.712 0.569 0.598 0.636 0.612 0.569 0.526 0.425 0.564 0.531 0.416 0.43 0.583 0.617

MnoC_95 0.645 0.545 0.583 0.574 0.43 0.703 0.76 0.497 0.607 0.516 0.698 0.411 0.578 0.368 0.401 0.66 0.636 0.617 0.631 0.516 0.631 0.717 0.66 0.555 0.516 0.464 0.564 0.531 0.411 0.43 0.545 0.636

MnoC_96 0.574 0.55 0.574 0.55 0.483 0.507 0.54 0.473 0.531 0.44 0.564 0.339 0.612 0.368 0.352 0.598 0.569 0.602 0.559 0.54 0.601 0.555 0.583 0.55 0.583 0.449 0.588 0.483 0.459 0.449 0.622 0.54

MnoC_97 0.617 0.531 0.516 0.516 0.454 0.674 0.645 0.531 0.574 0.55 0.631 0.344 0.583 0.349 0.349 0.684 0.607 0.578 0.598 0.569 0.626 0.679 0.688 0.502 0.507 0.473 0.507 0.583 0.43 0.392 0.593 0.645

MnoC_98 0.574 0.531 0.688 0.727 0.488 0.559 0.578 0.464 0.569 0.464 0.574 0.363 0.612 0.368 0.421 0.569 0.612 0.645 0.607 0.574 0.578 0.578 0.569 0.712 0.535 0.555 0.598 0.502 0.464 0.55 0.665 0.55

MnoC_99 0.492 0.597 0.582 0.583 0.543 0.555 0.558 0.454 0.483 0.416 0.521 0.334 0.583 0.363 0.325 0.511 0.583 0.559 0.555 0.572 0.511 0.55 0.478 0.574 0.514 0.44 0.611 0.473 0.519 0.43 0.574 0.492

MnoC_100 0.641 0.577 0.577 0.583 0.441 0.669 0.669 0.511 0.612 0.521 0.617 0.315 0.545 0.349 0.377 0.617 0.679 0.559 0.665 0.553 0.617 0.636 0.665 0.578 0.533 0.483 0.611 0.559 0.485 0.425 0.578 0.631

MnoC_101 0.583 0.545 0.665 0.693 0.502 0.574 0.559 0.449 0.492 0.468 0.564 0.377 0.564 0.373 0.373 0.588 0.612 0.693 0.612 0.583 0.583 0.564 0.593 0.688 0.511 0.655 0.531 0.521 0.468 0.516 0.736 0.54

MnoC_102 0.641 0.577 0.577 0.588 0.441 0.674 0.669 0.511 0.622 0.521 0.612 0.315 0.55 0.349 0.377 0.622 0.679 0.559 0.66 0.548 0.626 0.645 0.665 0.574 0.533 0.483 0.611 0.555 0.485 0.425 0.578 0.631

MnoC_103 0.578 0.545 0.54 0.564 0.421 0.631 0.636 0.502 0.569 0.531 0.698 0.32 0.564 0.387 0.363 0.665 0.607 0.555 0.607 0.555 0.622 0.655 0.708 0.569 0.535 0.473 0.526 0.55 0.425 0.392 0.555 0.645

MnoC_104 0.54 0.569 0.626 0.655 0.464 0.564 0.555 0.454 0.497 0.473 0.55 0.382 0.559 0.387 0.358 0.555 0.593 0.703 0.598 0.569 0.569 0.598 0.545 0.665 0.507 0.602 0.531 0.507 0.468 0.511 0.732 0.535

MnoC_105 0.598 0.54 0.674 0.665 0.449 0.569 0.54 0.421 0.507 0.444 0.535 0.354 0.555 0.339 0.373 0.555 0.607 0.641 0.607 0.583 0.583 0.555 0.55 0.66 0.507 0.516 0.559 0.468 0.464 0.588 0.65 0.507

MnoC_106 0.641 0.54 0.569 0.583 0.392 0.641 0.641 0.521 0.574 0.526 0.66 0.399 0.564 0.358 0.392 0.688 0.655 0.545 0.636 0.574 0.645 0.679 0.669 0.583 0.507 0.435 0.526 0.54 0.406 0.421 0.593 0.669



Figure S1. The location of premature stop codon and frameshift mutation site in rt sequences. A Copia; B Gypsy. Yellow, fragment of rt 
sequences; Blue, frameshift mutation site; Red, premature stop codon. The figures were drawn by GSDS (http://gsds.cbi.pku.edu.cn/).
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