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Table S1. Sampling used for the phylogenetic analyses.  

Taxa included in the phylogenetic analysis. The samples used in the plastid genome comparison are indicated.  

 

Clade Order APG 2009 Family Species Source GenBank 
Accession 

Plastid 
genome 
comparison 

Original 
publication 

FABIDS Zygophyllales Zygophyllaceae Bulnesia arborea Jacq. 
Engl. 

Ruhfel et al., 2014a EU002159, 
EU002172, 
EU002205, 
EU002275, 
EU002299, 
EU002388, 
EU002478, 
GQ998005-
GQ998073 

 Wang et al., 
2009; Moore et 
al., 2010 

FABIDS Zygophyllales Zygophyllaceae Larrea tridentata DC. 
Coville 

GenBank KT272174 
 

 Unpublished 

FABIDS Zygophyllales Zygophyllaceae Tetraena mongolica 
Maxim. 

GenBank MH325021  Unpublished 

FABIDS/COM Celastrales Celastraceae Euonymus japonicus 
Thunb. 

GenBank KP189362 X Choi & Park, 
2016 

FABIDS/COM Celastrales Celastraceae Parnassia brevistyla 
Brieger Hand.-Mazz. 

GenBank MG792145 X Xia et al., 2018 

FABIDS/COM Celastrales Rhamnaceae Catha edulis Vahl Forssk. 
ex Endl. 

GenBank KT861471 X Gu et al., 2018 

FABIDS/COM Malpighiales Euphorbiaceae Jatropha curcas L. Ruhfel et al., 2014a FJ695500  Asif et al., 2010 

FABIDS/COM Malpighiales Euphorbiaceae Manihot esculenta Crantz GenBank EU117376 X Daniell et al., 
2008 

FABIDS/COM Malpighiales Euphorbiaceae Ricinus communis L. Ruhfel et al., 2014a JF937588  Rivarola et al., 
2011 

FABIDS/COM Malpighiales Passifloraceae Passiflora biflora Lam. Ruhfel et al., 2014a EU017064-
EU017138 

 Jansen et al., 
2007 



FABIDS/COM Malpighiales Salicaceae Populus alba L. Ruhfel et al., 2014a AP008956  Okumura et al., 
2006 

FABIDS/COM Malpighiales Salicaceae Salix babylonica L. GenBank KT449800 X Wang & Yang, 
2016 

FABIDS/COM Oxalidales Brunelliaceae Brunellia antioquensis 
Cuatrec. Cuatrec. 

This study  X This study 

FABIDS/COM Oxalidales Brunelliaceae Brunellia trianae 
Cuatrec. 

This study  X This study 

FABIDS/COM Oxalidales Cunoniaceae Ceratopetalum apetalum 
D.Don 

GenBank KT716495 X Foster et al., 2016 

FABIDS/COM Oxalidales Elaeocarpaceae Sloanea australis 
F.Muell. 

GenBank KT716504 X Foster et al., 2016 

FABIDS/COM Oxalidales Oxalidaceae Averrhoa carambola L. GenBank KU569488 X Jo et al., 2016 

FABIDS/COM Oxalidales Oxalidaceae Oxalis latifolia Kunth Ruhfel et al., 2014a EU002165, 
EU002186, 
EU002248, 
EU002282, 
EU002350, 
EU002438, 
EU002528, 
GQ998511-
GQ998580 

 Wang et al., 
2009; Moore et 
al., 2010 

FABIDS/  
N-fixing clade 

Cucurbitales Cucurbitaceae Cucumis melo L. GenBank JF412791  Rodríguez-
Moreno et al., 
2011 

FABIDS/ 
N-fixing clade 

Fabales Fabaceae Arachis hypogaea L. GenBank KJ468094  Schwarz et al., 
2015 

FABIDS/ 
N-fixing clade 

Fabales Fabaceae Glycine max L.Merr. Ruhfel et al., 2014a DQ317523  Saski et al., 2005 

FABIDS 
/N-fixing clade 

Fagales Fagaceae Castanea mollissima 
Blume 

GenBank KY951992  Cheng et al., 
2018 



FABIDS/ 
N-fixing clade 

Fagales Fagaceae Quercus nigra L. Ruhfel et al., 2014a EU002167, 
EU002188, 
EU002254, 
EU002284, 
EU002357, 
EU002445, 
EU002535, 
GQ998653-
GQ998724 

 Wang et al., 
2009; Moore et 
al., 2010 

FABIDS/ 
N-fixing clade 

Rosales Moraceae Ficus racemosa L. GenBank KT368151  Mao & Bi, 2016 

FABIDS/ 
N-fixing clade 

Rosales Moraceae Morus indica L. Ruhfel et al., 2014a DQ226511  Ravi et al., 2006 

FABIDS/ 
N-fixing clade 

Rosales Rosaceae Pentactina rupicola Nakai Ruhfel et al., 2014a JQ041763  Kim & Kim, 
2016 

FABIDS/ 
N-fixing clade 

Rosales Rosaceae Prunus persica L. Batsch GenBank HQ336405  Jansen et al., 
2011 

MALVIDS Brassicales Brassicaceae Arabidopsis thaliana L. 
Heynh. 

Ruhfel et al., 2014a AP000423  Sato, 1999 

MALVIDS Brassicales Brassicaceae Arabis alpina L. GenBank HF934132  Melodelima & 
Lobréaux, 2013 

MALVIDS Brassicales Caricaceae Carica papaya L. Ruhfel et al., 2014a EU431223  Unpublished 

MALVIDS Crossosomatales Staphyleaceae Staphylea colchica Steven  Ruhfel et al., 2014a EU002168, 
EU002189, 
EU002261, 
EU002285, 
EU002364, 
EU002453, 
EU002543, 
GQ998725-
GQ998796 

 Wang et al., 
2009; Moore et 
al., 2010 

MALVIDS Geraniales Geraniaceae Pelargonium quercifolium 
L. f. L'Hér. 

GenBank KM527897  Weng, Ruhlman 
& Jansen, 2017 



MALVIDS Geraniales Vivianiaceae Viviania marifolia Cav. GenBank KF240615  Weng et al., 2014 

MALVIDS Malvales Malvaceae Aquilaria yunnanensis 
S.C.Huang 

GenBank MG656407 
 

 Zhang et al., 
2019 

MALVIDS Malvales Malvaceae Gossypium arboreum L. Ruhfel et al., 2014a HQ325740  Xu et al., 2012 

MALVIDS Malvales Malvaceae Heritiera angustata Pierre GenBank MG897126  Zhao et al., 2018 

MALVIDS Myrtales Myrtaceae Eucalyptus grandis 
W.Hill 

GenBank HM347959  Paiva et al., 2011 

MALVIDS Myrtales Onagraceae Oenothera parviflora L. Ruhfel et al., 2014a EU262891  Greiner et al., 
2008 

MALVIDS Sapindales Anacardiaceae Spondias tuberosa Arruda 
ex Koster 

GenBank KU756562  Santos et al., 
2019 

MALVIDS Sapindales Rutaceae Citrus sinensis L. Osbeck Ruhfel et al., 2014a DQ864733  Bausher et al., 
2006 

SUPERROSIDS Saxifragaceae Altingiaceae Liquidambar styraciflua 
L. 

Ruhfel et al., 2014a EU002164, 
EU002182, 
EU002239, 
EU002281, 
EU002341, 
EU002429, 
EU002519, 
GQ998438-
GQ998510 

 Wang et al., 
2009; Moore et 
al., 2010 

SUPERROSIDS Saxifragaceae Saxifragaceae Heuchera sanguinea 
Engelm. 

Ruhfel et al., 2014a EU002163, 
EU002180, 
EU002228, 
EU002280, 
EU002327, 
EU002415, 
EU002506, 
GQ998365-
GQ998437 

 Wang et al., 
2009; Moore et 
al., 2010 

SUPERROSIDS Vitales Vitaceae Vitis acerifolia Raf. GenBank LC317004   Zecca et al., 2019 



Table S2. Chloroplast genome features of Brunellia antioquensis and B. trianae 

   B. antioquensis             B. trianae  
 bp (%) GC (%) bp (%) GC (%) 
rRNA 9,050 (5.73%) 55.45 9,050 (5.73%) 55.45 
tRNA 2,927 (1.85%) 52.75 2,927 (1.85) 52.75 
proteins coding 
regions 82,209 (52.13%) 37.89 82,218 (52.14%) 37.89 
Intergenic regions 64,140 (40.67%) 32.84 64,208 (40.71%) 32.84 
Introns 16,289 (10.33%) 34.9 16,289 (10.32%) 34.9 

 

  



Table S3. Plastid genes found in Brunellia antioquensis and B. trianae 

Category Groups of gene Name of genes 

Protein synthesis 
and DNA-
replication 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Transfer RNAs 

trnA-UGC(× 2), trnC-GCA, trnD-GUC, trnE-
UUC, trnF-GAA, trnfM-CAU, trnG-GCC, trnG-
UCC, trnH-GUG, trnI-CAU(× 2), trnI-GAU(× 
2), trnK-UUU,  trnL-CAA(× 2), trnL-UAA, 
trnL-UAG, trnM-CAU, trnN-GUU(× 2), trnP-
UGG, trnQ-UUG, trnR-ACG(× 2), trnR-UCU, 
trnS-GCU, trnS-GGA, trnS-UGA, trnT-GGU, 
trnT-UGU, trnV-GAC(× 2), trnV-UAC(× 2), 
trnW-CCA, trnY-GUA 

Ribosomal RNAs rrn16(× 2), rrn23(× 2), rrn4.5(× 2), rrn5(× 2) 

Ribosomal protein small subunit 
rps2, rps3, rps4, rps7(× 2), rps8, rps11, 
rps12(× 3), rps14, rps15, rps16, rps18, rps19 

Ribosomal protein large 
subunit 

rpl2(× 2), rpl14, rpl16, rpl20, rpl22, rpl23(× 2), 
rpl33, rpl36 

Subunits of RNA 
polymerase rpoA, rpoB, rpoC1, rpoC2 

Photosynthesis 
 
 
 
 
 
 
 
 
 
 

Photosystem I psaA, psaB, psaC, psaI, psaJ 

Photosystem I assembly protein ycf4 

Photosystem II 
psbA, psbB, psbC, psbD, psbE, psbF, psbH, 
psbI, psbJ, psbK, psbL, psbM, psbN, psbT, psbZ 

Cythochrome b/f complex  petA, petB, petD, petG, petL petN 
ATP synthase atpA, atpB, atpE, atpF, atpH, atpI 

NADH-dehydrogenase  
ndhA, ndhB(× 2), ndhC, ndhD, ndhE, ndhF, 
ndhG, ndhH, ndhI, ndhJ, ndhK 

Large subunit Rubisco rbcL 

Miscellaneous 
group 
 
 
 
 
 
 
 

Acetyl-CoA carboxylase accD 
Cytochrome c biogenesis ccsA 
Inner membrane protein cemA 
ATP-dependent protease clpP 
Translation initiation factor infA 
Maturase matK 
Translocon at the inner membrane ycf1 
Enhancing stress tolerance ycf3 

Gene unknown 
function  ycf2(× 2), ycf15(× 2) 
Pseudogene 
unknown function 

Conserved hypothetical 
chloroplast ORF ψycf1  

 

 



Table S4. Lengths of exons and introns for the split genes on Brunellia antioquensis and B. 
trianae plastomes.  

Variations of B. trianae are in parentheses.  

 

Gene Name  Region 
Exon I 

(bp) 
Intron I 

(bp) 
Exon II 

(bp) 
Intron II 

(bp) 
Exon III 

(bp) Total size 
rps16 LSC 42 919 230   1,191 
atpF LSC 411 722 144   1,277 
rpoC1 LSC 1619 754 430   2,803 
ycf3 LSC 153 691(692) 228 736 126 1,935(1,934) 
clpP LSC 228 618(617) 292 834 71 2,042(2,043) 
petB LSC 9 779 648   1,436 
petD LSC 8 710 475   1,193 
rpl16 LSC 397 1036 12   1,445 
rpsl2 IR 434 659 397   1,490 
rps12 LSC 114 - 27 539 231  
ndhB IR 756 679 777   2,212 
ndhA SSC 558 1,102 540   2,200 
trnK-UUU LSC 35 2,549 37   2,621 
trnG-UCC LSC 23 744 48   815 
trnL-UAA LSC 37 544 50   631 
trnV-UAC LSC 37 593 39   669 
trnI-GAU IR 42 938 35   1,015 
trnA-UGC IR 38 802 35   875 

 

 

 

 

  



Table S5. List of repeated sequences in the plastome of Brunellia antioquensis.  

C: complement match, F: forward (direct) match, P: palindromic match, R: reverse match. 

 

  Repeat A   Repeat B   
Repeat 
length 
(bp) Star site Location Region Star site Location Region 

Repeat 
type 

30 8,544 trnS-GCU LSC 47,779 trnS-GCU LSC P 
30 41,110 psaB LSC 43,334 psaA LSC F 

28 33,878 
intergenic (trnT-
GGU_psbD) LSC 33,891 

intergenic (trnT-GGU-
psbD) LSC F 

24 128,836 
intergenic (trnL-UAG-
ndhF) SSC 128,860 

intergenic (trnL-UAG-
ndhF) SSC F 

23 66,708 intergenic (petA-psbJ) LSC 66,748 intergenic (petA-psbJ) LSC P 
23 94,637 ycf2 IRB 94,673 ycf2 IRB F 
23 94,637 ycf2 IRB 150,384 ycf2 IRA P 
23 94,673 ycf2 IRB 150,420 ycf2 IRA P 
23 150,384 ycf2 IRA 150,420 ycf2 IRA P 

22 4,901 
intergenic (matK-
rps16) LSC 9,205 

intergenic (trnS-GCU-trnR-
UCU) LSC P 

22 10,448 
intergenic (trnG-UCC-
trnR-UCU) LSC 10,475 

intergenic (trnG-UCC-trnR-
UCU) LSC P 

22 17,397 
intergenic (rps2-
rpoC2) LSC 72,053 intergenic (rpl20-clpP) LSC R 

21 8,550 trnS-GCU LSC 37,852 trnS-UGA LSC F 

21 9,203 
intergenic (trnS-GCU-
trnG-UCC) LSC 125,118 intergenic (psaC-ndhD) SSC R 

21 9,203 
intergenic (trnS-GCU-
trnG-UCC) LSC 125,118 intergenic (psaC-ndhD) SSC F 

21 10,622 
intergenic (trnS-GCU-
trnG-UCC) LSC 85,637 rpl16 LSC C 

21 37,852 trnS-UGA LSC 47,782 trnS-GGA LSC P 
21 53,251 ndhK LSC 59,847 Intergenic (rbcL-accD) LSC P 
21 94,609 ycf2 IRB 150,360 ycf2 IRA P 
21 94,699 ycf2 IRB 150,450 ycf2 IRA F 

21 102,391 
intergenic (rps7-trnV-
GAC) IRB 142,668 

intergenic (trnV-GAC-
rps7) IRA C 

21 150,360 ycf2 IRB 150,450 ycf2 IRA F 

20 5,543 
intergenic (matK-
rps16) LSC 13,886 intergenic (atpF-atpH) LSC R 

20 10,624 
intergenic (trnS-GCU-
trnR-UCU) LSC 57,156 intergenic (atpB-rbcL) LSC P 

20 13,216 atpF LSC 74,489 clpP LSC R 
20 37,920 trns-UGA LSC 47,721 trnS-GGA LSC P 

 

 



 

Table S6. List of repeated sequences in the plastome of Brunellia trianae.  

C: complement match, F: forward (direct) match, P: palindromic match, R: reverse match. 

 

  Repeat A   Repeat B   
Repeat 
length 
(bp) 

Star site Location Region Star site Location Region Repeat 
type 

88 30,289 intergenic (petN-psbM) LSC 30,311 intergenic (petN-psbM) LSC F 
66 30,289 intergenic (petN-psbM) LSC 30,333 intergenic (petN-psbM) LSC F 
44 30,289 intergenic (petN-psbM) LSC 30,355 intergenic (petN-psbM) LSC F 
30 8,525 trnS-GCU LSC 47,831 trnS-GGA LSC P 
30 41,161 psaB LSC 43,385 psaA LSC F 

28 33,943 
intergenic (trnT-GGU-
psbD) LSC 33,956 

intergenic (trnT-GGU-
psbD) LSC F 

24 17,380 
intergenic (rps2-
rpoC2) LSC 72,122 intergenic (rpl20-clpP) LSC C 

24 128,913 
intergenic (trnL-UAG-
ndhF) SSC 128,937 

intergenic (trnL-UAG-
ndhF) SSC F 

23 9,182 
intergenic (trnS-GCU-
trnR-UUC) LSC 17,377 

intergenic (rps2-
rpoC2) LSC F 

23 66,778 intergenic (petA-psbj) LSC 66,818 intergenic (petA-psbj) LSC P 
23 94,710 ycf2 IRB 94,746 ycf2 IRB F 
23 94,710 ycf2 IRB 150,461 ycf2 IRA P 
23 94,746 ycf2 IRB 150,497 ycf2 IRA P 
23 150,461 ycf2 IRA 150,497 ycf2 IRA F 

22 10,429 
intergenic (trnS-GCU-
trnR-UCU) LSC 10,456 

intergenic (trnS-GCU-
trnR-UCU) LSC P 

22 30,289 intergenic (petN-psbM) LSC 30,377 intergenic (petN-psbM) LSC F 
21 8,531 trnS-GCU LSC 37,917 trnS-UGA LSC F 
21 37,917 trnS-UGA LSC 47,834 trnS-GGA LSC P 

 

  



Table S7. Nucleotide substitutions and InDels in the plastomes of Brunellia antioquensis and 
B. trianae 

 

Polymorphism Length 
(bp) 

Motif Marker Location Region 

InDel 1 A matK-trnK intergenic LSC 

InDel 1 A trnK-rps16 intergenic LSC 

InDel 1 A trnK-rps16 intergenic LSC 

InDel 1 A trnG-trnR intergenic LSC 

InDel 1 A rpoB-trnC intergenic LSC 

InDel 1 A rps18-rpl20 intergenic LSC 

InDel 1 A petB-petD intergenic LSC 

InDel 1 A petD-rpoA intergenic LSC 

InDel 1 A ndhA intron intron SSC 

InDel 1 T rps19-rpl2 intergenic IR 

InDel 1 T petN-psbM intergenic LSC 

InDel 1 T ndhC-trnV intergenic LSC 

InDel 1 T atpB-rbcL intergenic LSC 

InDel 1 T rpl20-rps12 intergenic LSC 

InDel 1 T rpl20-rps12 intergenic LSC 

InDel 1 T ccsA-ndhD intergenic SSC 

InDel 1 T atpF intron intron LCS 

InDel 1 T atpF intron intron LCS 

InDel 1 T ycf3 intron intron LSC 

InDel 1 T clpP intron intron LSC 

InDel 2 AA rpl2-trnH intergenic IR 

InDel 2 TG rpl16 intron intron LSC 

InDel 4 TGAA ndhF-trnL intergenic SSC 

InDel 7 TTATATT trnK-rps16 intergenic LSC 

InDel 9 CGGTGTAAT rpoC2 gene LSC 

InDel 13 GAAAAAAAAAAAA rps2-rpoC4 intergenic LSC 

InDel 13 TTCTTTTTTTTTT rps2-rpoC2 intergenic LSC 



InDel 14 TATAATATAATTAT psbZ-trnG intergenic LSC 

InDel 14 TTATTTATTATTTA atpH-atpI intergenic LSC 

InDel 20 AAAATTAAAAAATTTCAATT petA-psbJ intergenic LSC 

InDel 83 (TTTAATTTAACTATTAACTTTATTT 

AATTTAACTATTAACTTTA)x2 

petN-psbM intergenic LSC 

Ts 1 C→T rpl2 intron intergenic IR 

Ts 1 C→T trnL-ndhB intergenic IR 

Ts 1 C→T psaJ-rpl33 intergenic LSC 

Ts 1 G→A trnL-trnF intergenic LSC 

Ts 1 G→A ndhG-ndhI intergenic SSC 

Ts 1 T→C rpl36-infA intergenic LSC 

Ts; N 1 C→T ndhH gene SSC 

Ts; N 1 G→A rpoC1 gene LSC 

Ts; N 1 G→A rpoC1 gene LSC 

Ts; N 1 T→C rpoA  gene LSC 

Ts; S 1 A→G ycf1 gene SSC 

Ts; S 1 T→C rps14 gene LSC 

Ts; S 1 T→C psaB gene LSC 

Ts; S 1 T→C accD gene LSC 

Ts; S 1 T→C ycf1 gene SSC 

Tv 1 A→T trnK-rps16 intergenic LSC 

Tv 1 A→T rps2-rpoC3 intergenic LSC 

Tv 1 A→T petD-rpoA intergenic LSC 

Tv 1 A→T petD-rpoA intergenic LSC 

Tv 1 A→T ndhF-trnL intergenic SSC 

Tv 1 A→T ndhF-trnL intergenic SSC 

Tv 1 C→G trnP-psaJ intergenic LSC 

Tv 1 G→C petD-rpoA intergenic LSC 

Tv 1 G→T trnS-trnG intergenic LSC 

Tv 1 G→T rps2-rpoC3 intergenic LSC 

Tv 1 G→T rpoB-trnC intergenic LSC 



Tv 1 G→T trnL-ccsA intergenic SSC 

Tv 1 G→T ndhI-ndhA intergenic SSC 

Tv 1 G→T trnG non-translate LSC 

Tv 1 T→A rps2-rpoC3 intergenic LSC 

Tv 1 T→A ndhD-psaC intergenic SSC 

Tv 1 T→G trnE-trnG intergenic LSC 

Tv; N 1 A→T ycf1 gene SSC 

Tv; N 1 C→A psaA gene LSC 

Tv; N 1 C→A ndhG gene SSC 

Tv; N 1 G→T rpl22 gene LSC 

Tv; N 1 T→G ycf1 gene SSC 

 

 

 

 

 

 

  



Table S8. Phylogenetic studies that support each one of the three possible topologies among 
the COM clade.  

Inferences made based on only one gene were not included. Internal node support correspond to 
Boostrap values except for the ones indicated with JK (jackknife support) or PP (Posterior 
Probability). 

Publication  
No. 

genes Genome 
Support value for the 

internal node  
(C(O,M)) topology 

Davis & Wurdack, 2004 
3 mitochondrial, nuclear 52 

Zhu et al., 2007 4 
plastid, mitochondrial, 

nuclear <50 
Wang et al., 2009 12 plastid, nuclear <50 
Wurdack & Davis, 2009 

13 
plastid, mitochondrial, 

nuclear 86/97 
Qiu et al., 2010 4 mitochondrial 97 

Soltis et al., 2011 17 
plastid, mitochondrial, 

nuclear 59 

Ruhfel et al., 2014 78 
plastid (1,2 codon 

positions) 52 
Wu et al., 2014 79 plastid 48 
Sun et al., 2015 4 mitochondrial 83 
Sun et al., 2016 4 plastid, mitochondrial <50 

((C,O)M) topology 
Nickrent, Der & Anderson, 2005 

4 
plastid, mitochondrial, 

nuclear 56 
Moore et al., 2010 

87 plastid 88 
Ruhfel et al., 2014 

78 plastid 91 
Sun et al., 2015 

78 plastid 81 
Chen et al., 2016 

5 plastid, mitochondrial 44 
Jo et al., 2016 

80 plastid 100 
Cauz-Santos et al., 2017 

43 plastid 87 
Gitzendanner et al., 2018 

78 plastid (amino acids) 59 
((C,M)O) topology 

Zhang & Simmons, 2006 
7 plastid, nuclear 

87JK 

Soltis, Gitzendanner & Soltis, 2007 
3 plastid, nuclear 54PP 

Burleigh, Hilu & Soltis, 2009 
5 plastid, nuclear 58 

Moore et al., 2011 
(IR) plastid 49 

Li et al., 2019 
80 plastid 85 



Fig. S1. Plastid genome alignment from Mauve among selected COM representatives.  

One IR was removed in all species. For each sequence, the first line shows the collinear blocks, the second line represents the plastid 
sequence with white boxes for protein-coding regions, green boxes for tRNAs, red boxes for rRNAs, and pink boxes for the exact 
location of the IR (when available). Clade abbreviations are indicated by “M” for Malpighiales, “C” for Celastrales and “O for 
Oxalidales. 

 



Fig. S2. Plastid genome alignment from mVISTA among all available sequences of COM species.  

Reference sequence: B. antioquiensis. Clade abbreviations are indicated by “M” for Malpighiales, “C” for Celastrales and “O for 
Oxalidales. 
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