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Figure S1. The number of spanning reads over the IR boundaries. (A) Boundary A locates between
LSC and IRb. (B) Boundary B locates between IRb and SSC. (C) Boundary C locates between SSC
and IRa. (D) Boundary D locates between IRa and LSC. The number of ONT reads spanning over the
four IR boundaries at different distances (nt) from the boundaries are illustrated as bar charts. Large

single-copy (LSC); inverted repeats (IRs) and small single-copy (SSC).
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5 e IRb rps19 |rpl2 [rpI23 [trnl-CAU [ycf2 [ycf1S [trnL-CAA [ndhB [rps7 [rps12 [trnV-GAC [rrn16 [trnl-GAU [trnA-UGC [rrn23 |rrnd.5 |rrnS5 |trnR-ACG |[trnN-GUU yfcl
B G R i el e L) [ o519 [rpi2 [rpi23 [tmi-CAU [ycf2 [yciis [trnL-CAA [ndhB [rps7 |rpsi2 [trnV-GAC [rni6 [tni-GAU [trA-UGC [rm23 [rrnd.5 |rm5 [trR-ACG [tN-GUU | yicl
> IRb rps19 [rpl2 [rpI23 [trnl-CAU [ycf2 [ycf15 [trnL-CAA [ndhB [rps7 [rps12 [trnV-GAC [rrn16 [trnl-GAU [trnA-UGC [rrn23 [rrnd.5 [rrnS5 [trnR-ACG [trnN-GUU yfcl
2 L0 [ rosio [rpl2 [rpi23 [tmi-CAU [ycf2 [yciis [tmi-CAA [ndhB [rps7 [rps12_[tmV-GAC [rrn16 [trm-GAU [trnA-UGC [rm23 [rmd.5 [rrm5 [tmR-ACG [traN-GUU | _yfel
Berchemiella wilsonii KY926621 IRb rps19  |rpl2 [rpl23 |trnl-CAU ycf2 |ycf1S Jtrnl-CAA [ndhB [rps7 |rps12 [trnV-GAC [rm16 [trnl-GAU [trnA-UGC [rrn23 [rrnd.5 [rrn5 [trnR-ACG [trnN-GUU yfcl
bl [ZLE [ rps19  [rpi2 [rpi23 [trnl-CAU |ycf2 |ycfi5 |tmL-CAA [ndhB |[rps7 |rpsi2 |trnV-GAC |rm16 |trn-GAU |trnA-UGC |rrn23 [rmd.5 |rm5 [trnR-ACG |traN-GUU | _ yfel
Berchemiella wilsonii NC_043912 IRb rps19 |rpl2 [rpI23 |trnl-CAU |ycf2 |ycf15 |trnL-CAA |ndhB |rps7 |rps12 |trnV-GAC |rrn16 [trnl-GAU |trnA-UGC |rr23 |rrnd.5 |rrnS5 [trnR-ACG [trnN-GUU | ycfl
e W son [TLE [ rps19  [rpi2 [rpi23 [trnl-CAU |ycf2 |ycf15 |tnL-CAA [ndhB |[rps7 |rpsi2 [trnV-GAC [rn16 |trn-GAU |trnA-UGC |rrn23 |rmd.5 |rrm5 [trnR-ACG |trnN-GUU | yfel
H o ba MN782301 IRb rps19  [rpl2 [rpI23 [trnl-CAU [ycf2 [ycf15 [trnL-CAA [ndhB [rps7 [rps12 [trnV-GAC [rrn16 [trnl-GAU [trnA-UGC [rrn23 [rrnd.5 [rr5 [trnR-ACG [trnN-GUU yfcl
ovenia aceroa [CUL0) | rps19 [rpl2 [rpi23 [tmI-CAU |ycf2 |yci15 [trnL-CAA [ndhB |rps7 |rpsi2 |trnV-GAC |16 |trnl-GAU [trnA-UGC [rn23 [rrnd.5 |rmb [tmR-ACG [trN-GUU | _yfel
He N ba MN794429 IRb rps19 rpl2 |rpl23 [trnl-CAU |ycf2 |ycf15 [trnL-CAA [ndhB |rps7 |rps12 [trnV-GAC [rrn16 |trnl-GAU [trnA-UGC [rrn23 |rrnd.5 |rrn5 |trnR-ACG |trnN-GUU yil_l
ouena gerd reviRa rps19  |rpl2 [rpI23 |trnl-CAU |ycf2 |ycf15 |trnL-CAA |ndhB |rps7 |rps12 |trnV-GAC |rrn16 [trnl-GAU |trnA-UGC |rrn23 |rrnd.5 |rrnS [trnR-ACG [trnN-GUU yfcl
He ia dulcis MN723868 IRb rps19  |rpl2 [rpI23 |trnl-CAU |ycf2 |ycf15 |trnL-CAA |ndhB |rps7 |rps12 |trnV-GAC |rrn16 [trnl-GAU |trnA-UGC |rrn23 |rrnd.5 |[rrnS [trnR-ACG [trnN-GUU yfcl
queniacues [ULE) | rpsio  [rpl2 [rpl23 [tml-CAU |ycf2 |ycfl5 [trL-CAA [ndhB_|rps7 |rpsi2_|trV-GAC |16 |trnl-GAU |trnA-UGC |rm23 |rmd.5 |5 |trR-ACG [trnN-GUU | _yfel
Hovenia dulcis MT225403 IRb rps19  |[rpl2 [rpl23 [trnl-CAU |ycf2 |ycflS |trnL-CAA [ndhB [rps7 [rps12 [trnV-GAC |rrn16 |trnl-GAU |trnA-UGC [rrn23 [rrnd.5 [rrnS5 [trnR-ACG |trnN-GUU yfcl
reviRa rps19  |[rpl2 [rpl23 [trnl-CAU |ycf2 |ycflS |trnL-CAA [ndhB |rps7 |rps12 |[trnV-GAC |rrn16 |trnl-GAU |trnA-UGC [rrn23 [rrnd.5 [rrn5 [trnR-ACG |trnN-GUU yfcl
H ia dulcis NC_050971 IRb rps19  |[rpl2 [rpl23 [trnl-CAU |ycf2 |ycflS |trnL-CAA [ndhB |rps7 |rps12 [trnV-GAC |rrn16 |trnl-GAU [trnA-UGC [rrn23 [rrnd.5 [rrn5 [trnR-ACG |trnN-GUU yfcl
s [TLEY [ rps1o  [rpl2 [rpi23 [trnl-CAU [ycf2 |ycil5 |tmL-CAA [ndhB |rps7 |rpsi2 |trnV-GAC |rmi6 |trn-GAU |trnA-UGC |rrn23 |rmd.5 |rmb5 [trnR-ACG |traN-GUU | _ yfel
Hovenia trichocarpa MT225404 IRb rps19  |rpl2 [rpI23 |trnl-CAU |ycf2 |ycf15 JtrnL-CAA |ndhB |rps7 |rps12 [trnV-GAC [rrn16 [trnl-GAU |trnA-UGC |[rrn23 |rrnd.5 |[rrnS [trnR-ACG [trnN-GUU yfel
P reviRa rps19  |[rpl2 [rpl23 [trnl-CAU |ycf2 |ycflS |trnL-CAA [ndhB |rps7 |rps12 [trnV-GAC |rrn16 |trnl-GAU |trnA-UGC [rrn23 [rrnd.5 [rrnS5 [trnR-ACG |trnN-GUU yfcl
Rh ta LC635131 IRb rps19 [rpl2 [rpl23 [trnl-CAU |ycf2 |ycflS [trnL-CAA [ndhB [rps7 [rps12 [trnV-GAC |rrn16 |trnl-GAU |[trnA-UGC [rrn23 [rrnd.5 [rrnS [trnR-ACG [trnN-GUU yfcl
amius crenata reviRa rpl2 [rpl23 [trnl-CAU |ycf2 |ycfl5 |trnL-CAA [ndhB |[rps7 |rps12 [trnV-GAC |rrn16 |trnl-GAU [trnA-UGC [rrn23 [rrnd.5 [rrnS [trnR-ACG [trnN-GUU | ycfl
Rh lob: MT360052 rps19  [rpl2 [rpl23 [trnl-CAU [ycf2 Jycf15S [trnL-CAA [ndhB [rps7 [rps12 [trnV-GAC Jrrn16 [trnl-GAU [trnA-UGC [rrn23 [rrnd.5 [rrnS [trnR-ACG [trnN-GUU yfcl
amnus gronesd (LG [ rpsio  [rpl2 [rpl23 [trnI-CAU [ycf2 |ycfl5 |tmL-CAA [ndhB |rps7 |rpsi2 |trnV-GAC |rni16 |trn-GAU |trnA-UGC [rrn23 |rméd.5 [rrm5 [trR-ACG |traN-GUU | _ yfel
rps19  |[rpl2 [rpl23 [trnl-CAU |ycf2 |ycflS |trnL-CAA [ndhB |[rps7 |rps12 [trnV-GAC |rrn16 |trnl-GAU [trnA-UGC [rrn23 [rrnd.5 [rrn5 [trnR-ACG |trnN-GUU yfcl
PO il DR reviRa rps19  |rpl2 [rpI23 |trnl-CAU |ycf2 |ycf15 |trnL-CAA |ndhB |rps7 |rps12 |[trnV-GAC |rrn16 [trnl-GAU |trnA-UGC |rrn23 |rrnd.5 |rrnS5 [trnR-ACG [trnN-GUU yfcl
Rh t tii NC 045855 rps19  |rpl2 [rpl23 Jtrnl-CAU [ycf2 ycflS [trnl-CAA [ndhB |rps7 |rps12 |trnV-GAC [rrn16 [trnl-GAU [trnA-UGC |rrn23 |rrnd.5 |rrnS [trnR-ACG |trnN-GUU yfel
lamnus taquetll NC_ (L0 [ rpsio  [rpi2 [rpi23 [tnl-CAU [yci2 [ycfi5 |trl-CAA [ndhB |rps7 |rpsi2 |tmV-GAC [rni6 [trnl-GAU [trnA-UGC [rn23 [rm4.5 [rm5 [tmR-ACG [trmN-GUU | _ yfel
o . rps19  [rpl2 [rpl23 [trnl-CAU |ycf2 |ycf15 |trnL-CAA [ndhB [rps7 [rps12 [trnV-GAC |rrn16 [trnl-GAU |trnA-UGC [rrn23 [rrnd.5 [rr5 [trnR-ACG [trnN-GUU | ycfl
S NI RIS Tps19 [rpl2 [rpl23 [trI-CAU [yci2 [yciis [tmL-CAA [ndhB [rps7 |rpsiz [trnV-GAC [rmi6 [tmi-GAU [trnA-UGC [rrn23 [rmd.5 [rmb [tmR-ACG [tmN-GUU | yfel
4 " 5 rps19  [rpl2 [rpl23 [trnl-CAU |ycf2 |ycf1S |trnL-CAA [ndhB |[rps7 [rps12 [trnV-GAC |rrn16 |trnl-GAU |trnA-UGC [rrn23 [rrnd.5 [rrnS5 [trnR-ACG |trnN-GUU yfcl
L L L L e PP 5515 [rpl2 [rp123 [trnI-CAU [ycf2 [yciis [tmi-CAA [ndhB |rps7 |rpsi2 [tmV-GAC [rmi6 [tml-GAU [tmA-UGC |23 |45 |5 [tmR-ACG [tN-GUU | yiel
Ventilago leiocarpa MT974496 rps19  |rpl2 [rpI23 |trnl-CAU |ycf2 |ycf15 JtrnL-CAA |ndhB |rps7 [rps12 [trnV-GAC [rrn16 [trnl-GAU |trnA-UGC |[rrn23 |rrnd.5 |[rrnS [trnR-ACG [trnN-GUU yfcl
e 9 P reviRa rps19  |[rpl2 [rpl23 [trnl-CAU |ycf2 |ycflS |trnL-CAA [ndhB [rps7 |rps12 [trnV-GAC |rrn16 |trnl-GAU |trnA-UGC [rrn23 [rrnd.5 [rrnS5 [trnR-ACG |trnN-GUU yfcl
Ziziphus incurva NC_050251 rps19  [rpl2 [rpl23 [trnl-CAU [ycf2 |ycflS |trnL-CAA [ndhB [rps7 [rps12 [trnV-GAC |rrn16 |trnl-GAU [trnA-UGC [rrn23 [rrnd.5 [rm5 [trnR-ACG |[trnN-GUU yfcl
P = reviRa rps19  |[rpl2 [rpl23 [trnl-CAU |ycf2 |ycflS |trnL-CAA [ndhB |[rps7 |rps12 [trnV-GAC |rrn16 |trnl-GAU [trnA-UGC [rrn23 [rrnd.5 [rrnS [trnR-ACG |trnN-GUU yfcl
Ziziphus jujuba KX266829 rps19 [rpl2 [rpI23 [trnl-CAU [ycf2 [ycf15 [trnL-CAA [ndhB [rps7 [rps12 [trnV-GAC [rrn16 [trnl-GAU [trnA-UGC [rrn23 [rrnd.5 [rrnS5 [trnR-ACG [trnN-GUU yfcl
1Ziphus Jujuna [ZLEY [ rps19  [rpi2 [rpi23 [trnl-CAU |ycf2 |ycfi5 |tmL-CAA [ndhB |[rps7 |rpsi2 |trnV-GAC |16 |trn-GAU |trnA-UGC |rrn23 |rmd.5 |rm5 [trnR-ACG |traN-GUU | _ yfel
Ziziphus jujuba KX266830 rps19  |rpl2 [rpl23 Jtrnl-CAU [ycf2 ycflS |trnl-CAA [ndhB |rps7 |rps12 |trnV-GAC [rrn16 [trnl-GAU [trnA-UGC |rrn23 |rrnd.5 |rrn5 [trnR-ACG |trnN-GUU yfel
1ziphus Juj [TLEY [ rps19  [rpi2 [rpi23 [trnl-CAU |ycf2 |ycfi5 |tnL-CAA [ndhB |[rps7 |rpsi2 |trnV-GAC |rmn16 |trn-GAU |trnA-UGC |rrn23 |rmd.5 |rm5 [trnR-ACG |traN-GUU | _ yfel
Ziziphus jujuba MF781071 rps19  [rpl2 [rpI23 [trnl-CAU [ycf2 [ycf15 [trnL-CAA [ndhB [rps7 [rps12 [trnV-GAC [rrn16 [trnl-GAU [trnA-UGC [rrn23 [rrnd.5 [rm5 [trnR-ACG [trnN-GUU yfcl
e [CUL0) | rps19 [rpl2 [rpi23 [tmI-CAU |ycf2 |ycil5 [trnl-CAA [ndhB |rps7 |rpsi2 |trnV-GAC |16 |trnl-GAU [trnA-UGC [rn23 |rrnd.5 |rmb [trR-ACG [trN-GUU | _yfel
Ziziphus jujuba MW160433 rps19  [rpl2 [rpl23 [trnl-CAU [ycf2 [ycf15 [trnL-CAA [ndhB [rps7 [rps12 [trnV-GAC [rrn16 [trnl-GAU [trnA-UGC [rrn23 [rrnd.5 [rr5 [trnR-ACG [trnN-GUU yfcl
12iphus jujusa reviRa rps19  |rpl2 [rpI23 |trnl-CAU |ycf2 |ycf15 |trnL-CAA |ndhB |rps7 |rps12 |trnV-GAC |rrn16 [trnl-GAU |trnA-UGC |rrn23 |rrnd.5 |[rrnS [trnR-ACG [trnN-GUU yfcl
Ziziphus jujuba NC_030299 rps19  |rpl2 [rpl23 Jtrnl-CAU [ycf2 |ycflS |trnl-CAA [ndhB |rps7 |rps12 |trnV-GAC [rrn16 [trnl-GAU [trnA-UGC |rrn23 |rrnd.5 |rrnS [trnR-ACG |trnN-GUU yfcl
LRI, reviRa rps19  [rpl2 [rpl23 [trnl-CAU |ycf2 |ycflS [trnL-CAA [ndhB |rps7 |rps12 [trnV-GAC rrn16 [trnl-GAU |[trnA-UGC [rrn23 [rrnd.5 [rrnS5 [trnR-ACG |[trnN-GUU yfcl
Ziziph iti NC 037151 rps19  [rpl2 [rpl23 [trnl-CAU |ycf2 |ycflS |trnL-CAA [ndhB |rps7 [rps12 [trnV-GAC |rrn16 |trnl-GAU |trnA-UGC [rrn23 [rrnd.5 [rrn5 [trnR-ACG |trnN-GUU yfcl
1ziphts mauntiana NC_ [ULE) | rpsio  [rpl2 [rpl23 [tml-CAU |ycf2 |ycfi5 [trL-CAA [ndhB |rps7 |rpsi2_|trnV-GAC |16 |trnl-GAU |trnA-UGC |rm23 |rmd.5 |5 |trR-ACG [trnN-GUU | _yfel
Ziziphus spina-christi NC_037152 rps19  |[rpl2 [rpl23 [trnl-CAU |ycf2 |ycflS |trnL-CAA [ndhB [rps7 |rps12 [trnV-GAC |rrn16 |trnl-GAU |trnA-UGC [rrn23 [rrnd.5 [rrnS [trnR-ACG |trnN-GUU yfcl
P P = reviRa rps19  |[rpl2 [rpl23 [trnl-CAU |ycf2 |ycfl5S |trnL-CAA [ndhB |[rps7 |rps12 [trnV-GAC |rrn16 |trnl-GAU |trnA-UGC [rrn23 [rrnd.5 [rrn5 [trnR-ACG |trnN-GUU yfcl
e bis sativa NC_027223 IRb rps19 [rpl2 |[rpI23 [trnl-CAU Jycf2 [ycf15 [trnL-CAA [ndhB [rps7 |rps12 |trnV-GAC [rrn16 [trnl-GAU [trnA-UGC [rrn23 [rrnd.5 [rrn5 [trnR-ACG [trnN-GUU | yefl
annadis sativa NC_ reviRa rps19 |rpl2 [rpI23 [trnl-CAU |ycf2 |ycfl5 [trnL-CAA [ndhB [rps7 |rps12 |trnV-GAC [rr16 [trnl-GAU [trnA-UGC [rrn23 [rrnd.5 [rrnS |trnR-ACG [trnN-GUU yfel
Fi ligi NC_ 033979 IRb rps19  |rpl2 [rpl23 [trnl-CAU |ycf2 |ycfl5S |trnL-CAA [ndhB [rps7 [rps12 [trnV-GAC |rrn16 |trnl-GAU |trnA-UGC [rrn23 [rrn4.5 [rrnS [trnR-ACG |trnN-GUU yfel
e s [TNLEY [ rps19  [rpi2 [rpi23 [trnl-CAU |ycf2 |ycf15 [trnL-CAA [ndhB |[rps7 |rpsi2 |trnV-GAC [rm16 |trn-GAU |trnA-UGC |rrn23 |rmd.5 |rm5 [trnR-ACG |traN-GUU | yfcl

Figure S2. Comparative gene arrangement in IR regions of Rhamnaceae, C. sativa and F. religios.
Each box represents a gene. The rps/9 and ycf1 genes (bold and underline) are located at the borders
of IR regions. A missing gene that was re-annotated is highlighted in red. A gene in LSC is represented
by an orange box. A gene in IR is in a blue box and a gene in both LSC and IR regions is in a white
box. The C. sativa NC_027223 and F. religiosa NC_033979 are the outgroup of phylogenetic analysis.

Reversed inverted repeat (revIR).
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ycfl_IRb ycfl_IRa

Berchemia berchemiifolia NC_037477 | e 13 v - 1899
Berchemia flavescens MK460212 E—— 352 — — E 1918
Berchemiella wilsonii KY926621 E—— (355 O —— ——) —— s 1901
Berchemiella wilsonii NC_043912 E—— 35 — e wn
Hovenia acerba MN782301 E—— 11 —— — o 1918
Hovenia acerba MN794429 E—— 11 O ————, 1 - 1917
Hovenia dulcis MN723868 E—— 15 o — ———— i - 1911
Hovenia dulcis MT225403 E—— 11 ——— T, —— Cwa 1505
Hovenia dulcis NC_050971 E—— 15 O ——— - 111
Hovenia trichocarpa MT225404 E—— 11 O —— Cw 1918
Rhamnus crenata LC635131 - E——— 375 — —— - 1500
Rhamnus globosa MT360052 E—E— 352 T —————, 4 R 1906
Rhamnus heterophylla MT211599 € 59 o — i ——) e e 1920
Rhamnus taquetii NC_045855 E—— 352 o ———) e ar— ol 1920
Spyridium parvifolium MH234313 E—— 105 ———, . T - 1902
Ventilago harmandiana MZ325585* E——— 371 — i — W v 1921
Ventilago leiocarpa MT974496 E—— 135 C——r— —— e 1921
Ziziphus incurva NC_050251 - E—— 351 o —— — S — - 1917
Ziziphus jujuba KX266829 E—— 379 ——, W s 1907
Ziziphus jujuba KX266830 E—C— 379 — —— S 1907
Ziziphus jujuba MF781071 - E—— 379 ——, - 1507
Ziziphus jujuba MW160433 - E—— 79 ——— i el 1907
Ziziphus jujuba NC_030299 E—— 33 O — —— - 1907
Ziziphus mauritiana NC_037151 E—— 51 O ——— - 1015
Ziziphus spina-christi NC_037152 E—— 351 o — —— - 1915
Cannabis sativa NC_027223 E—— 155 e ) wE 1878
Ficus religiosa NC_033979 E—— 153 ——, W@ 1915

Figure S3. Domain analysis of Ycfl protein sequences. The full-length colored bar represents the
presence of an entire Ycfl domain. A shorter colored bar within the grey bar indicates the matching
part of the domain. A truncated domain is shown by a jagged edge. The number indicates the amino

acid length. Ycf7 copy in IRDb (ycfl IRb) and ycf7 gene in IRa (ycfl IRa).
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20  Figure S4. A shift in the origin of H. acerba MN794429 chloroplast genome and correction. Suggested

21  origin is presented in red color.
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Sequence alignment Protein domain

1
Berchemiella wilsonii NC_043912:97684-97842,98119-98208 GHCCEEECECH CHECENCCEEE I CCECAEE CACCENcCEEC (CE g

Hovenia acerba MN782301:98838-98975 s e e e e e e e e e e e e e m oo s
Hovenia dulcis MN723868:98757-98894  m e e e e e e e e o e m o — oo W s
Spyridium parvifolium MH234313:97987-98124 ~ m - e e e e e e e e oo ™
Ventilago harmandiana MZ325585:99911-100047* =~ = - - - - - oo o D e e o e m oo oo s
Ziziphus jujuba MF781071:98525-98662 mm e e e e e e e n oo o eeo oo s
Ziziphus jujuba NC_030299:98484-98621 e e e e e e e oo oo s

Berchemiella wilsonii NC_043912 GG
Hovenia acerba MN782301 ele
Hovenia dulcis MN723868 GG
Spyridium parvifolium MH234313 GG
Ventilago harmandiana MZ325585* GG
Ziziphus jujuba MF781071 GG
Ziziphus jujuba NC_030299 GG

Berchemiella wilsonii NC_043912
Hovenia acerba MN782301
Hovenia dulcis MN723868
Spyridium parvifolium MH234313
Ventilago harmandiana MZ325585*
Ziziphus jujuba MF781071

Ziziphus jujuba NC_030299

Berchemiella wilsonii NC_043912
Hovenia acerba MN782301
Hovenia dulcis MN723868
Spyridium parvifolium MH234313
Ventilago harmandiana MZ325585*
Ziziphus jujuba MF781071

Ziziphus jujuba NC_030299

QR Q

Berchemiella wilsonii NC_043912
Hovenia acerba MN782301
Hovenia dulcis MN723868
Spyridium parvifolium MH234313
Ventilago harmandiana MZ325585*
Ziziphus jujuba MF781071

Ziziphus jujuba NC_030299

Berchemiella wilsonii NC_043912
Hovenia acerba MN782301
Hovenia dulcis MN723868
Spyridium parvifolium MH234313
Ventilago harmandiana MZ325585*
Ziziphus jujuba MF781071

Ziziphus jujuba NC_030299

Figure S5. Multiple alignment of the ycf15 gene sequences and matching domain fragments. This
figure shows the alignment of the deposited ycf15 DNA sequences from six Rhamnaceae organisms
and the ycf15 sequence of V. harmandiana. The predicted Ycfl5 domain of each ycf15 is illustrated on
the right column. A missing T-base from the ycf15 sequence of V. harmandiana is pointed out by an
arrow. The full-length colored bar represents the presence of an entire Ycfl5 domain. A truncated
domain is shown by a jagged edge. The number indicates the amino acid length. Only the ycf15 copy

in IRb is shown, as its copy in IRa is identical.
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Sequence alignment

Nicotiana tabacum Z00044:95818-96081 G G G G G G G
Barbeya oleoides NC_040984:100653-101204 G G| G G
Cannabis sativa NC_027223:93652-93728
Ficus religiosa NC_033979:98148-98252

Nicotiana tabacum 200044
Barbeya oleoides NC_040984
Cannabis sativa NC_027223
Ficus religiosa NC_033979

Nicotiana tabacum Z00044
Barbeya oleoides NC_040984
Cannabis sativa NC_027223
Ficus religiosa NC_033979

Nicotiana tabacum 200044
Barbeya oleoides NC_040984
Cannabis sativa NC_027223
Ficus religiosa NC_033979

Nicotiana tabacum 7200044
Barbeya oleoides NC_040984
Cannabis sativa NC_027223
Ficus religiosa NC_033979

Nicotiana tabacum Z00044
Barbeya oleoides NC_040984
Cannabis sativa NC_027223
Ficus religiosa NC_033979

Nicotiana tabacum 200044
Barbeya oleoides NC_040984
Cannabis sativa NC_027223
Ficus religiosa NC_033979

Nicotiana tabacum Z00044
Barbeya oleoides NC_040984
Cannabis sativa NC_027223
Ficus religiosa NC_033979

Nicotiana tabacum 200044
Barbeya oleoides NC_040984
Cannabis sativa NC_027223
Ficus religiosa NC_033979

Nicotiana tabacum Z00044
Barbeya oleoides NC_040984
Cannabis sativa NC_027223
Ficus religiosa NC_033979
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Figure S6. Re-annotation of the ycf15 gene in Barbeya oleoides NC 040984 and the outgroup. The

alignment of the ycf15 gene sequences of Barbeya oleoides, C. sativa and F. religiosa to the ycf15 gene

sequence of N. tabacum 700044 is illustrated. The TA-gap is pointed out by a black arrow. The

predicted Ycfl5 domain of each ycf135 is illustrated on the right column. The full-length colored bar

represents the presence of an entire Ycfl5 domain. A truncated domain is shown by a jagged edge. The

number indicates the amino acid length. Only the ycf15 copy in IRb is shown, as its copy in IRa is

identical.



(A)

Nicotiana tabacum Z00044:95818-96081
Berchemia berchemiifolia NC_037477:97981-98134
Berchemia flavescens MK460212:98441-98594
Berchemiella wilsonii KY926621:97936-98089
Berchemiella wilsonii NC_043912:97684-97837
Hovenia acerba MN782301:98787-98940
Hovenia acerba MN794429:125348-125501
Hovenia dulcis MN723868:98706-98859
Hovenia dulcis MT225403:98788-98941
Hovenia dulcis NC_050971:100165-100318
Hovenia trichocarpa MT225404:98789-98942
Rhamnus crenata LC635131:98082-98235
Rhamnus globosa MT360052:98175-98328
Rhamnus heterophylla MT211599:95304-95457
Rhamnus taquetii NC_045855:98654-98807
Spyridium parvifolium MH234313:97936-98089
Ventilago harmandiana MZ325585:99860-100013*
Ventilago leiocarpa MT974496:99399-99552
Ziziphus incurva NC_050251:98073-98226
Ziziphus jujuba KX266829:98227-98380

Ziziphus jujuba KX266830:98192-98345
Ziziphus jujuba MF781071:98474-98627
Ziziphus jujuba MW160433:98587-98740
Ziziphus jujuba NC_030299:98433-98586
Ziziphus mauritiana NC_037151:98468-98621
Ziziphus spina-christi NC_037152:98548-98701
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Ziziphus jujuba NC_030299
Ziziphus mauritiana NC_037151
Ziziphus spina-christi NC_037152

Nicotiana tabacum 200044 G
Berchemia berchemiifolia NC_037477 Gl H
Berchemia flavescens MK460212 Gl E
Berchemiella wilsonii KY926621 G !
Berchemiella wilsonii NC_043912 Gl !
Hovenia acerba MN782301 G E
Hovenia acerba MN794429 G E
Hovenia dulcis MN723868 G !
Hovenia dulcis MT225403 G @
Hovenia dulcis NC_050971 Gl E
Hovenia trichocarpa MT225404 G| E
Rhamnus crenata LC635131 G X
Rhamnus globosa MT360052 G| R
Rhamnus heterophylla MT211599 G| !
Rhamnus taquetii NC_045855 G, H
Spyridium parvifolium MH234313 Gl H
Ventilago harmandiana MZ325585* Gl E
Ventilago leiocarpa MT974496 le !
Ziziphus incurva NC_050251 Gl !
Ziziphus jujuba KX266829 G !
Ziziphus jujuba KX266830 e !
Ziziphus jujuba MF781071 Gl E
Ziziphus jujuba MW160433 Gl H
c| 5
4 L8

Nicotiana tabacum 200044
Berchemia berchemiifolia NC_037477
Berchemia flavescens MK460212
Berchemiella wilsonii KY926621
Berchemiella wilsonii NC_043912
Hovenia acerba MN782301
Hovenia acerba MN794429
Hovenia dulcis MN723868
Hovenia dulcis MT225403
Hovenia dulcis NC_050971
Hovenia trichocarpa MT225404
Rhamnus crenata LC635131
Rhamnus globosa MT360052
Rhamnus heterophylla MT211599
Rhamnus taquetii NC_045855
Spyridium parvifolium MH234313
Ventilago harmandiana MZ325585*
Ventilago leiocarpa MT974496
Ziziphus incurva NC_050251
Ziziphus jujuba KX266829
Ziziphus jujuba KX266830
Ziziphus jujuba MF781071
Ziziphus jujuba MW160433
Ziziphus jujuba NC_030299
Ziziphus mauritiana NC_037151
Ziziphus spina-christi NC_037152

Nicotiana tabacum 200044
Berchemia berchemiifolia NC_037477
Berchemia flavescens MK460212
Berchemiella wilsonii KY926621
Berchemiella wilsonii NC_043912
Hovenia acerba MN782301
Hovenia acerba MN794429
Hovenia dulcis MN723868

Hovenia dulcis MT225403

Hovenia dulcis NC_050971

Hovenia trichocarpa MT225404
Rhamnus crenata LC635131
Rhamnus globosa MT360052
Rhamnus heterophylla MT211599
Rhamnus taquetii NC_045855
Spyridium parvifolium MH234313
Ventilago harmandiana MZ325585*
Ventilago leiocarpa MT974496
Ziziphus incurva NC_050251
Ziziphus jujuba KX266829

Ziziphus jujuba KX266830

Ziziphus jujuba MF781071

Ziziphus jujuba MW160433
Ziziphus jujuba NC_030299

Ziziphus mauritiana NC_037151
Ziziphus spina-christiNC_037152 ~ m e e e oo e n e eeeem eemeoooooo




(B) Sequence alignment

1
Nicotiana tabacum 200044:95818-96081 GlccEmRCcll CEECENCCHRS ICCRCCIR colicCEllcoRRC EAEAECGEACEC CRCEERCECCCR
Berchemia berchemiifolia NC_037477:98411-98515 -- - - - - - - - - - - - -

Berchemia flavescens MK460212:98871-98975
Berchemiella wilsonii KY926621:98366-98470
Berchemiella wilsonii NC_043912:98114-98218
Hovenia acerba MN782301:99233-99337

Hovenia acerba MN794429:125794-125898
Hovenia dulcis MN723868:99152-99256

Hovenia dulcis MT225403:99234-99338

Hovenia dulcis NC_050971:100611-100715

Hovenia trichocarpa MT225404:99235-99339
Rhamnus crenata LC635131:98512-98616

Rhamnus globosa MT360052:98605-98709
Rhamnus heterophylla MT211599:95886-95990
Rhamnus taquetii NC_045855:99084-99188
Spyridium parvifolium MH234313:98365-98469
Ventilago harmandiana MZ325585:100290-100441*
Ventilago leiocarpa MT974496:99829-99933
Ziziphus incurva NC_050251:98519-98623

Ziziphus jujuba KX266829:98673-98777

Ziziphus jujuba KX266830:98638-98742

Ziziphus jujuba MF781071:98638-98742

Ziziphus jujuba MW160433:98638-98742

Ziziphus jujuba NC_030299:98879-98983

Ziziphus mauritiana NC_037151:98914-99018
Ziziphus spina-christi NC_037152:98994-99098

Nicotiana tabacum 200044
Berchemia berchemiifolia NC_037477
Berchemia flavescens MK460212
Berchemiella wilsonii KY926621
Berchemiella wilsonii NC_043912
Hovenia acerba MN782301
Hovenia acerba MN794429
Hovenia dulcis MN723868
Hovenia dulcis MT225403
Hovenia dulcis NC_050971
Hovenia trichocarpa MT225404
Rhamnus crenata LC635131
Rhamnus globosa MT360052
Rhamnus heterophylla MT211599
Rhamnus taquetii NC_045855
Spyridium parvifolium MH234313
Ventilago harmandiana MZ325585*
Ventilago leiocarpa MT974496
Ziziphus incurva NC_050251
Ziziphus jujuba KX266829
Ziziphus jujuba KX266830
Ziziphus jujuba MF781071
Ziziphus jujuba MW160433
Ziziphus jujuba NC_030299
Ziziphus mauritiana NC_037151
Ziziphus spina-christi NC_037152

Nicotiana tabacum 200044
Berchemia berchemiifolia NC_037477
Berchemia flavescens MK460212
Berchemiella wilsonii KY926621
Berchemiella wilsonii NC_043912
Hovenia acerba MN782301
Hovenia acerba MN794429
Hovenia dulcis MN723868
Hovenia dulcis MT225403
Hovenia dulcis NC_050971
Hovenia trichocarpa MT225404
Rhamnus crenata LC635131
Rhamnus globosa MT360052
Rhamnus heterophylla MT211599
Rhamnus taquetii NC_045855
Spyridium parvifolium MH234313
Ventilago harmandiana MZ325585*
Ventilago leiocarpa MT974496
Ziziphus incurva NC_050251
Ziziphus jujuba KX266829
Ziziphus jujuba KX266830
Ziziphus jujuba MF781071
Ziziphus jujuba MW160433
Ziziphus jujuba NC_030299
Ziziphus mauritiana NC_037151
Ziziphus spina-christi NC_037152
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Nicotiana tabacum Z00044
Berchemia berchemiifolia NC_037477
Berchemia flavescens MK460212
Berchemiella wilsonii KY926621
Berchemiella wilsonii NC_043912
Hovenia acerba MN782301
Hovenia acerba MN794429
Hovenia dulcis MN723868
Hovenia dulcis MT225403
Hovenia dulcis NC_050971
Hovenia trichocarpa MT225404
Rhamnus crenata LC635131
Rhamnus globosa MT360052
Rhamnus heterophylla MT211599
Rhamnus taquetii NC_045855
Spyridium parvifolium MH234313
Ventilago harmandiana MZ325585*
Ventilago leiocarpa MT974496
Ziziphus incurva NC_050251
Ziziphus jujuba KX266829
Ziziphus jujuba KX266830
Ziziphus jujuba MF781071
Ziziphus jujuba MW160433
Ziziphus jujuba NC_030299
Ziziphus mauritiana NC_037151
Ziziphus spina-christi NC_037152
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Nicotiana tabacum Z00044
Berchemia berchemiifolia NC_037477
Berchemia flavescens MK460212
Berchemiella wilsonii KY926621
Berchemiella wilsonii NC_043912
Hovenia acerba MN782301

Hovenia acerba MN794429

Hovenia dulcis MN723868

Hovenia dulcis MT225403

Hovenia dulcis NC_050971

Hovenia trichocarpa MT225404
Rhamnus crenata LC635131
Rhamnus globosa MT360052
Rhamnus heterophylla MT211599
Rhamnus taquetii NC_045855
Spyridium parvifolium MH234313
Ventilago harmandiana MZ325585*
Ventilago leiocarpa MT974496 -
Ziziphus incurva NC_050251 -
Ziziphus jujuba KX266829 _
Ziziphus jujuba KX266830 -
Ziziphus jujuba MF781071 -
Ziziphus jujuba MW160433 -
Ziziphus jujuba NC_030299 -
Ziziphus mauritiana NC_037151 -
Ziziphus spina-christi NC_037152 -
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Figure S7. Re-annotation of the ycf15 gene in Rhamnaceae. (A) The alignment of the reference gene
sequence to the first exon and (B) to the second exon of the ycf15 gene in Rhamnaceae organisms. The
figure shows the multiple sequence alignment using N. tabacum Z00044 as a reference to re-annotate
the ycf15 gene of the organisms in this study. TA-gaps in the ycf15 sequences of the Rhamnaceae are
pointed out by a black arrow. The predicted Ycfl5 domain of each ycf15 is illustrated on the right
column. The full-length colored bar represents the presence of an entire Ycfl5 domain. A truncated
domain is shown by a jagged edge. The number indicates the amino acid length. Only the ycf15 copy

in IRb is shown, as its copy in IRa is identical.

A)

Ventilago harmandiana MZ325585:85986-86171* G GEIC Gl - e elel GG G G
Ventilago leiocarpa MT974496:85540-85726 G GARC e ele GG GG G G
(o] CGECT B (! leleleleloll - - lelelele (elelele].Tel |
(ol CGHCC BG ole! GGGGE MAGHCA] CCGGRGG
GE G G CHEEAG) (ole!
GE €.le e CAAAG) (ol
(B)
" Vertlag eocarpa MT374496. IVEEWIRLDKA KDSRLCERKD  YEFYTYITREGS KNACKSh ENAR AYLL TCROREK BV
Ventilago leiocarpa MT974496 C - GKSL- -EP

Figure S8. Re-annotation of inf4 gene in V. leiocarpa. (A) The alignment of infA DNA sequences
between V. harmandiana and V. leiocarpa. A-gap is pointed out by an arrow. (B) Comparing amino
acid sequences of the inf4 between V. harmandiana and V. leiocarpa. A dashed line (-) indicates a stop

codon.
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Ziziphus jujubaNC_030299:vp_009256313 [ I

Ziziphus jujuba KX266829:ANJ78236
Ziziphus jujuba KX266830:ANJ78321
Ziziphus jujuba MF781071:AUH21115
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Figure S9. Comparisons of the atpF and clpP gene structures. (A) Comparing the atpF gene structure

of Z. jujuba species. (B) Comparing the clpP gene structure of H. acerba species. A blue box represents

a coding region and the red wavy line represents an intergenic region. The base position of the a#pF in

Z. jujuba NC_030299 and the clpP in H. acerba MN794429 is used as a reference for each gene.
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Figure S10. Phylogenetic trees of Rhamnaceae reconstructed from the orthologous proteins (A) using
ML method, (B) using MP method, (C) using BI method and (D) the tree reconstructed from the
orthologous genes using RAXML method. Different colors correspond to tribes labelled in square
brackets. The outgroup branch is not colored. Two major groups of Rhamnaceae: ziziphoid and
rhamnoid are presented on the rightmost text. A number in each tree indicates the ML bootstrap value,

the MP bootstrap value, the posterior probability of BI, the ML bootstrap value, respectively.
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Figure S11. Characteristics and comparisons of Rhamnaceae chloroplast genome features. (A)
Comparison of the SSR types. (B) Distribution of SSRs in LSC, SSC and IR regions. (C) Comparison
of the long repeat types. (D) Distribution of long repeats in LSC, SSC and IR regions. The total number

of SSRs and long repeat sequences in each species is in the parenthesis.

A B C D 18S

73  Figure S12. The original image of gel in Figure 1C before cropping and inverting color.




