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Table S1. Comparisons among the chloroplast genome characteristics of P. somniferum , C.
hylomeconoides, A. thaliana, and N. tabacum.

Species P. rhoeas P. orientale P. somniferum C. hylomeconoides  A. thaliana  N. tabacum
Family Papaveraceae =~ Papaveraceae  Papaveraceae Papaveraceae Cruciferae Solanaceae
Accession No. MF943221 MF943222 KU204905 KT274030 KX551970 700044
Genome size
(bp) 152,905 152,799 152,931 158,824 154,515 155,844
Y

LSC length (bp) 83,172 83,151 83,029 86,916 84,170 86,684
SSC length (bp) 17,971 17,934 17,920 18,538 17780 18,482
IR length (bp) 25,881 25,857 25,991 26,685 26264 25,339
GC content (%)  38.8 38.6 38.9 38.8 36.3 37.8
Number of

130 130 130 130 132 146
genes
Number of
protein-coding 85 85 85 85 87 101
genes
Number of

37 37 37 37 37 37
tRNAs
Number of

8 8 8 8 8 8

rRNAs




Table S2. Codon usage within the chloroplast genomes of P. rhoeas.

Amino acid Codon No. RSCU tRNA Amino acid Codon No. RSCU t(RNA
Phe uuu 906 1.26 Tyr UAU 775 1.63

Phe uucC 537 0.74 trnF-GAA Tyr UAC 174 037 trnY-GUA
Leu UUA 797 1.77  trnL-UAA Stop UAA 44 1.55

Leu UuG 551 122 trnL-CAA Stop UAG 23 0.81

Leu CuUU 602 1.34 His CAU 480 1.51

Leu cucC 196 0.43 His CAC 154 0.49 trnH-GUG
Leu CUA 375 0.83  #rnL-UAG Gln CAA 686 1.52  nQ-UUG
Leu CUG 183 0.41 Gln CAG 218 0.48

Ile AUU 1038 1.45 Asn AAU 936 1.51

Ile AUC 434 0.6 trnl-GAU Asn AAC 306 0.49  trnN-GUU
Ile AUA 683 0.95 trnl-CAU Lys AAA 1016 148 #rnK-UUU
Met AUG 624 1 trn()M-CAU  Lys AAG 356 0.52

Val GUU 537 1.48 Asp GAU 849 1.55

Val GUC 185 0.51 trnV-GAC Asp GAC 246 045 trnD-GUC
Val GUA 533 1.47  trnV-UAC Glu GAA 971 1.44 tnE-UUC
Val GUG 199 0.55 Glu GAG 373 0.56

Ser UCU 559 1.63 Cys UuGU 219 1.41

Ser ucc 349 1.02  trnS-GGA Cys UGC 91 0.59 trnC-GCA
Ser UCA 444 1.3 rnS-UGA Stop UGA 18 0.64

Ser UCG 174 0.51 Trp UGG 468 1 trnW-CCA
Pro CCU 424 1.55 Arg CGU 357 1.34  tnR-ACG
Pro CCC 210 0.77 Arg CGC 105 0.4

Pro CCA 318 1.16 trnP-UGG Arg CGA 342 1.29

Pro CCG 141 0.52 Arg CGG 122 0.46

Thr ACU 500 1.5 Arg AGA 397 1.16 #nR-UCU
Thr ACC 262 0.78 trnT-GGU Arg AGG 132 0.39

Thr ACA 408 122 trnT-UGU Ser AGU 497 1.87

Thr ACG 167 0.5 Ser AGC 170 0.64 nS-GCU
Ala GCU 597 1.73 Gly GGU 588 1.31

Ala GCC 235 0.68 Gly GGC 175 0.39  nG-GCC
Ala GCA 386 1.12  trndA-UGC Gly GGA 690 1.54  tnG-UCC

Ala GCG 166 0.48 Gly GGG 341 0.76




Table S3. Codon usage within the chloroplast genomes of P. orientale.

Amino acid Codon No. RSCU tRNA Amino acid Codon No. RSCU t(RNA
Phe uuu 901 1.25 Tyr UAU 770 1.64

Phe uucC 538 0.75 trnF-GAA Tyr UAC 170 036 trnY-GUA
Leu UUA 799 1.77  trnL-UAA Stop UAA 45 1.59

Leu UuG 554 123 trnL-CAA Stop UAG 23 0.81

Leu CuUU 599 1.33 His CAU 485 1.51

Leu CcucC 200 0.44 His CAC 156 0.49 trnH-GUG
Leu CUA 366 0.81 #nL-UAG Gln CAA 688 1.52  nQ-UUG
Leu CUG 189 0.42 Gln CAG 218 0.48

Ile AUU 1040 1.45 Asn AAU 927 1.49

Ile AUC 441 0.61 trnl-GAU Asn AAC 314 0.51 #&nN-GUU
Ile AUA 678 094  trnl-CAU Lys AAA 1010 147  #rnK-UUU
Met AUG 624 1 trn()M-CAU  Lys AAG 367 0.53

Val GUU 540 1.48 Asp GAU 849 1.55

Val GUC 186 0.51 trnV-GAC Asp GAC 250 045 trnD-GUC
Val GUA 530 1.45  trnV-UAC Glu GAA 973 1.44 tnE-UUC
Val GUG 204 0.56 Glu GAG 378 0.56

Ser UCU 562 1.64 Cys UuGU 215 1.39

Ser ucc 345 1.01  rnS-GGA Cys UGC 95 0.61 #tnC-GCA
Ser UCA 439 1.28 trnS-UGA Stop UGA 17 0.6

Ser ucG 181 0.53 Trp UGG 468 1 trnW-CCA
Pro CCU 424 1.54 Arg CGU 354 1.33  #nR-ACG
Pro CCC 207 0.75 Arg CGC 103 0.39

Pro CCA 323 1.17  trnP-UGG Arg CGA 348 1.31

Pro CCG 147 0.53 Arg CGG 122 0.46

Thr ACU 502 1.5 Arg AGA 398 1.16 #nR-UCU
Thr ACC 257 0.77  trnT-GGU Arg AGG 133 0.39

Thr ACA 418 1.25  trnT-UGU Ser AGU 495 1.86

Thr ACG 163 0.49 Ser AGC 171 0.64 nS-GCU
Ala GCU 603 1.72 Gly GGU 591 1.32

Ala GCC 234 0.67 Gly GGC 176 0.39  nG-GCC
Ala GCA 393 1.12  trndA-UGC Gly GGA 692 1.54  tnG-UCC

Ala GCG 169 0.48 Gly GGG 338 0.75




Table S4. Simple sequence repeats (SSRs) in the chloroplast genome of P. rhoeas.

SSR type SSR size(bp)  start end Region
p3 (AAG)3 9 599 607 LSC
pl (A)8 8 1606 1613 LSC
p3 (GAA)3 9 2014 2022 LSC
pl (T)9 9 2188 2196 LSC
p3 (GAA)3 9 2826 2834 LSC
pl (T)8 8 3210 3217 LSC
p3 (ATA)3 9 3550 3558 LSC
pl (A)8 8 6087 6094 LSC
pl (A)12 12 7182 7193 LSC
pl (T)9 9 8019 8027 LSC
pl (A)8 8 8093 8100 LSC
p3 (AAQ)3 9 8510 8518 LSC
pl (T)8 8 9325 9332 LSC
pl (T)9 9 9677 9685 LSC
pl (A)8 8 13216 13223 LSC
p4 (AAAT)3 12 13682 13693 LSC
p4 (GGTT)3 12 14271 14282 LSC
p3 (AAQ)3 9 14773 14781 LSC
p3 (TTA)3 9 15582 15590 LSC
pl (T)9 9 18410 18418 LSC
pl (MH11 11 18516 18526 LSC
pl (A)8 8 18659 18666 LSC
p2 (AT)4 8 19799 19806 LSC
p2 (AT)5 10 19889 19898 LSC
p3 (ATT)3 9 21148 21156 LSC
p3 (TTC)3 9 22143 22151 LSC
pl (A)8 8 22327 22334 LSC
pl (T)8 8 26022 26029 LSC
pl (T)8 8 26128 26135 LSC
p3 (TAT)3 9 27041 27049 LSC
p2 (AT)5 10 27370 27379 LSC
pl (A)8 8 27695 27702 LSC
pl (A)8 8 29610 29617 LSC
p4 (AGAT)3 12 29678 29689 LSC
p2 (CT)4 8 30066 30073 LSC
p3 (TTA)3 9 30225 30233 LSC
pl (A)8 8 31063 31070 LSC
p3 (TTA)3 9 31430 31438 LSC
p2 (GA)5 10 32330 32339 LSC
pl (G)8 8 34191 34198 LSC
p2 (GA)4 8 35229 35236 LSC

p3 (TCT)3 9 36840 36848 LSC
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Table S5. Simple sequence repeats (SSRs) in the chloroplast genome of P. orientale.

SSR type SSR size(bp)  start end Region
pl (A)10 10 1600 1609 LSC
p3 (GAA)3 9 2010 2018 LSC
pl (T)9 9 2184 2192 LSC
p3 (GAA)3 9 2822 2830 LSC
pl (T)8 8 3206 3213 LSC
p3 (ATA)3 9 3546 3554 LSC
p2 (AT)4 8 6373 6380 LSC
pl (T)8 8 6578 6585 LSC
pl (A)16 16 7158 7173 LSC
pl (A)10 10 7485 7494 LSC
pl (A)9 9 8065 8073 LSC
pl (T)9 9 8372 8380 LSC
p3 (AAQ)3 9 8481 8489 LSC
pl (A)12 12 8755 8766 LSC
pl (A)8 8 8899 8906 LSC
pl (T)14 14 8916 8929 LSC
pl (T)8 8 9293 9300 LSC
pl (T)9 9 9645 9653 LSC
pl (T)8 8 12249 12256 LSC
pl (T)9 9 13035 13043 LSC
pl (T)8 8 13060 13067 LSC
pl (A)8 8 13202 13209 LSC
p4 (AAAT)3 12 13668 13679 LSC
p4 (GGTT)3 12 14256 14267 LSC
p3 (AAQ)3 9 14758 14766 LSC
p3 (TTA)3 9 15568 15576 LSC
p2 (CT)4 8 17453 17460 LSC
p3 (AGA)3 9 17658 17666 LSC
pl (©)8 8 17976 17983 LSC
pl (T)9 9 18397 18405 LSC
pl (MH11 11 18503 18513 LSC
pl (A)8 8 18646 18653 LSC
p2 (AT)4 8 19786 19793 LSC
p2 (AT)5 10 19876 19885 LSC
p3 (TTC)3 9 22130 22138 LSC
pl (A)8 8 22314 22321 LSC
pl (T)8 8 26008 26015 LSC
pl (T)10 10 26112 26121 LSC
p3 (TAT)3 9 27027 27035 LSC
pl (A)10 10 27263 27272 LSC

p2 (AT)5 10 27350 27359 LSC
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146554
146666
147356
148606
148750
149281
149513
150501
150513
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Table S6. Primer sequences at the boundaries between SC and IR regions.

Species Regions  Forward/Reverse Primer sequence (5' to 3')
P. rhoeas LSC-IRa F GCTGCTGCCGAATAAACCAA
R AAGAGGGTAAATCGGCCACA
IRa-SSC  F ACCGAGTTCAACATTAGCCAGA
R CGAGCAATTCCGTTGATTGGT
SSC-IRb  F TTCAGGGAGGCAGTCTTGTT
R ACCGAGTTCAACATTAGCCAG
IRb-LSC  F AAGAGGGTAAATCGGCCACA
R GAAGCTCCATCCACAAACGG
P.orientale  LSC-IRa  F GCTGCTGCCGAATAAACCAA
R AAGAGGGTAAATCGGCCACA
IRa-SSC  F ACCGAGTTCAACATTAGCCAGA
R CGAGCAATTCCGTTGATTGGT
SSC-IRb  F GCAGGCAGTCTTGTTCAGTC
R CCGAGTTCAACATTAGCCAGATT
IRb-LSC  F AAGAGGGTAAATCGGCCACA
R

TGTCGAAGCTCCATCCACAA




Table S7. GenBank accession numbers of dicots with complete chloroplast genome
sequences used for phylogenetic analyses.

GenBank acc.

Species

GenBank acc.

Species

NC_029829
NC_033913
NC_029391
NC_022457
NC_009599
NC_034950
NC_035872
NC_031446
NC_035941
NC_029428
NC_029469
NC_027669
NC_035873
NC_029394
NC_008336

Aconitum chiisanense
Akebia quinata

Angelica acutiloba
Berberis bealei

Buxus microphylla
Chenopodium album
Circaeaster agrestis
Coreanomecon hylomeconoides
Decaisnen insignis
Epimedium sagittatum
Foeniculum vulgare
Haloxylon persicum
Kingdonia uniflora
Ligusticum tenuissimum

Nandina domestica

NC_026076
NC_026447
NC_029434
NC_008796
NC_027728
NC_029431
NC_027224
NC_020431
NC_026065
NC_027732
NC_029432
NC_031849
NC_025339
NC_032031
NC_029433

Paeonia obovata

Panax notoginseng
Papaver somniferum
Ranunculus macranthus
Rheum palmatum

Sabia yunnanensis
Salicornia brachiata
Salvia miltiorrhiza

Sedum takesimense

Sinopodophyllum hexandrum

Stephania japonica
Trollius chinensis
Nelumbo nucifera
Oxyria sinensis

Pachysandra terminalis




