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Fig. S1. Total length of the LSC, IRs, and SSC sequences in the Ranunculeae
plastomes examined in this study. IR, inverted repeats; SSC, small single-copy; LSC,

large single-copy.

Fig. S2. Plastomes of seven species from four genera of Ranunculeae. (a) Ficaria
verna, (b) Halerpestes sarmentosa, (c) Oxygraphis glacialis, (d) four species of
Ranunculus. The genes inside and outside of the circle are transcribed in clockwise
and counterclockwise directions, respectively. Genes belonging to different functional
groups are shown in different colors. The thick lines indicate the extent of IRa and
IRg that separate the genomes into SSC and LSC regions. IR, inverted repeats; SSC,

small single-copy; LSC, large single-copy.

Fig. S3. Scatter plot of GC3s contents of protein-coding genes of Ranunculeae

plastomes. GC3s, G or C in the third codon positions.

Fig. S4. The plastid phylogenomic tree of Ranunculeae. Maximum likelihood

bootstrap support values are shown above the branches.

Fig. S5. Comparison of the LSC, IRs, and SSC region boundaries of plastomes within

Ranunculeae. IR, inverted repeats; SSC, small single-copy; LSC, large single-copy.

Fig. S6. Character reconstructions for amino acid sites of the eleven genes under

positive selection. Amino acid sites are listed in Table S7 in details. Character states



of amino acid sequences were coded A, B, C, and D, as referred to Table S7. Genes
positively selected in Ceratocephala and Myosurus are in red; genes positively
selected in Ceratocephala are in blue; genes positively selected in Myosurus are in

green.

Fig. S7. Changes through time plots generated from sampled stochastic character
maps for the eleven genes under positive selection. For each gene the mean rate of
changes per unit time is shown. Gene names are given above the plots and their colors
are the same with those in Fig. S6. The five dashed lines in each graph represented 34,
23.03, 17, 13.9 and 3.3 Ma, respectively; the colored line indicates the significant rate
change point. Asterisk indicates a significant difference (p < 0.05; see Table S8 for

details).



150000 —

100000 —

Length

50000 —

(\’\osa

A\
o
g\a



8

g

g

" &
o //

32§

T 8 o
%3 7 E

C I
<t W o5 (
s“‘a"e\\l C@ kS
R 3

Pt
psbr. cu
Psbhy. R
R
=
pein|

LSC:
s
N
ol

/ Ficaria verna
|
chloroplast genome

2
F
2
¢

Halerpestes sarmentosa
chloroplast genome
157,299 bp

156,439 bp
st
W2
—
. TR,
k3
g
&
- 3 9
i3 % g
8 N
£,
09
X \
0, z 7
LSC S8 Q;s’
& I i
Lo
i
£3 Ranunculus repens
pesgy ar-" chloroplast genome
Psb; st N
:7:7 ey ?m 154,247 bp oo
P . o =3 e Ranunculus cantoniensis ]
, Oxygraphis glacialis chloroplast genome
| 155,117 bp
chloroplast genome
Ranunculus macranthus
155,434 bp chloroplast genome
155,129 bp
w2 S
e Ranunculus membranaceus TR,
“u chloroplast genome
156,028 bp
hotosystem |
hotosystem I
[ Cytochrome bif complex
3, [ ATP synthase / 3
/ g d ey [J NADH dehydrogenase & o QE oCc
£9 g5 3 [H RubisCO large subunit “i’g E
g’ g,? B RNA polymerase £5

[ Ribosomal proteins (SSU)
[H Ribosomal proteins (LSU)

gy

[l Other genes
L] Hypothetical chioroplast reading frames (ycf)



o Other mesophytic Ranunculeae

» Xerophytic Ceratocephala
o Hydrophytic Myrosurus

Group

L gooe

Lz Lsdu
L6 Lsdy
Lo Lsdy

L pSdu
- LJOA

Lzsdy
F/ypu

0.4



C. falcata

( M. apetalus

L M. minimus

98
100 C. testiculata
100 - C. orthoceras
100
100
R. macranthus
100
100 R. repens
100,
100 R. cantoniensis
R. membranaceus
F. verna
H. sarmentosa
100

O. glacialis

A. tomentosa

0.02




| I | |
LSC | IR, SSC IR, | LSC
1285 b 136 bp 47 br{ 1285 bp I 363 bp
887 bp 590 bp 72 bp \ / 2214 bp 5217 bp \ I 72 bp 590 bp / 1062 bp
C. falcata pl2 tron [ | nth | ycfi M trnN  wrpl2 PSbA
15'0 821 b LSC 83,576 bpl IR,  // 24,165 bp //18915bp | IR, // 24,165bp LSC |
’ P 65 bp I Obp
887 bp 590 bp 405 bp, 1809 bp 5208 bp\ 405 bp 590 bp,/ 54 bp
/2 ndhF ycf1 wndhF Wrpl2 |:| trnH
. orthocer: =
10510"11070? as LSC 83.603bp| IR, // 24711bp| SSC /[ 18,382 bp IR, // 24711 bp Lsc__|
’ P I 1286 bp|141 bp 59 bp| 1286 bp 20 bp
887 bp 590 bp 72 b \ / 2214 bp 5205 bp\ | / 72 bp 590 bpy /54 bp
. pl2 trnNh | nth | ycfi1 |\ | trnN__ wrpl2| trnH
%Ot%‘%gcé’/ata LSC 83,579bp| IR, // 24,166 bp | /[ 18.922bp | R, // 24.166bp Lsc |
’ P 96 bp |71 bp |1047 bp I 71 bp|67 bp
288 b \ |/74 bp 970 bp| / 2205 bp 4271 bp|970 bp 74 bp\ /54 bp
M. apetalus rp123|:r V[t lwyer1|/ [ nanF ] yofi trnt [\ /[] trH
15'0 1580 bp LSC 84,963bp] IR, // 23,326 bp SSc //18,765bp | IR, // 23,326 bp | LSC |
’ 96 bp| 71 bp 11015 bp | 71 bpl62 bp
288 b \ |/74 bp 988 bp| / 2205 bp 4262 bp 988 bp 74 bp\ /54 bp
M. minimus pl23 | /[ trni lwyer1) | [ nanF ycf1 trnl [] trnH
150,431 b Lsc_s85000bpl R, // 23.344bp] _ssc /[18.743 bp IR, J/ 233440p | _LsC ]
’ P 340 bp| 737 bp 1bp]340 bp |28 bp
201 bp[78 bp 72 bp \|/ 5403 bp 270 bp\| / 72 bp 78 bp |/ 54 bp
E verna rps19 trnND ycf1 rps15 trnN wrps19 |:| trnH
156,439 b LSC 85532bp| IR, [/ 24,478 bp ssc // 21,951 bp R, // 24,478 bp sc__ |
, P I 328 bp|2186 bp 6 bp| 8 bp |62 bp
105 bp [174 bp 72 bp \ / 2235 bp 5625 bp 72 bp 174 bp /74 bp
H. sarmentosa RS9 trnN ndhF | ycfi |\| DtrnN wrps19 |:| trnH
15;7 599 b LSC 85,663bp| IR, /[ 25057 bp| ssc /[ 21522bp | IR, J/ 25057 bp Lsc|
, p | 783 bp | 12 bp
450 bp 1036 bp 57 bp / 2244 bp 5292 bp,57 bp 1036 bp‘/ 75 bp
0. glacialis pl2 wyer1[]/ | nth [ ycrt | wrpi2[] trH
155.434 bp LSC 86,671bp| IR, // 24534bp /[ 19.695bp | R, // 24534 bp LsC__|
’ 35 bp| 77 bp |57 bp I 77 bp|277 bp
279 bp |/1484 bp 196 bp / 2217 bp 5171 bpj 196 bp 14845\ /1062 bp
R. cantoniensis pS19 rpl2 wycf1 f_l ndhF ycf1 [ o2 |\|/[osbA
155 17 b [ Lsc 84,562 bpl IR // 25,838 bp SSC // 18.879 bp | IR, // 25,838 bpl LSC
’ p 36 bp | | |
279 bp\23 bp 196 b 2217 bp 5171 bp 1196 bp 23 bp, 55 bp
R. macranthus rps19|:| wtrnH prcf1|ﬂ nth yef1 trnH
155 129 b LSC 84,638bp| R, /[ 25791 bpl SS // 18,909 bp | IR, // 25791bp | LSC |
’ p 27 bp69 bp 736 bpl 26 bp 469 bp 736 bp 69 bp 356 bp
222 by /1484 bp 70 bp\l | 2229 bp 5559 bp\/ 70 bp 1484 bp \ / 1062 bp
R membranaceus ros19[ /[ rpi2 troN[] \ /[ nahE | [ yert [1ernn 12 |\;/ [psbA
156,028 b [_Lsc s, a2 bpl IR, /[ 25.361 bPI Ss /[ 19,815 bp IR, // 25,361 bp | Lsc |
S Py 15750 | i
279 bp\ 61 bp 196 bpl/ 2217 bp 4709 bp 1196 bp 61 bp! 51 bp
R. repens rps19|:| wtrnH wycf1 ndhF ycf1 trnH
- rep LsSC 84,225bp] IR, /[ 25794 bp SSC /[ 18434bp | IR, // 25794bp | Lsc |

154,247 bp




psbJ rps18
C. falcata C. falcata
o8 Qv
Oc OF
C. testiculata C. testiculata
C. orthoceras C. orthoceras
-3 P
M. apetalus

M. apetalus
@ { .
M. minimus
e 0OR. membranaceus
30 20 10 OMa

©

clpP

@A
OB
Oc
C. falcata op

C. testiculata

C. orthoceras
@

e @R. membranaceus
30 20 10 O Ma

M. minimus

@ R. membranaceus
30 20 10 OMa

rps7’

C. falcata

C. testiculata

C. orthoceras

M. apetalus

M. minimus

30 20 10 OMa

rpos16 rps19

QA C. falcata

OB

Oc
C. falcata C. testiculata

i C. orthoceras
C. testiculata &
M. apetalus

C. orthoceras

7 ®

e 0R. membranaceus
30 20 10 OMa

%

M. minimus

e R. membranaceus

30 20 10 OMa

_£

C. falcata

C. testiculata

C. orthoceras

M. apetalus

M. minimus

30 20 10 OMa

ps12
@A C. falcata
OB
oc
C. testiculata
C. orthoceras
-
M. apetalus

[

0 R. membranaceus —@ R. membranaceus \——@ R. membranaceus

M. minimus

30 20 10 OMa

ycf2

PN C. falcata
OB
Oc

C. testiculata

C. orthoceras

-
M. apetalus

L

M. minimus

@A C. falcata

OB

oc

Oob C. testiculata
C. orthoceras

M. apetalus
® EM minimus
—_OR. membranaceus R. membranaceus

30 20 10 OMa

rps14

@A C. falcata
OB
Oc

C. testiculata

C. orthoceras

M. apetalus

®

M. minimus

30 20 10 O Ma

R. membranaceus
30 20 10 OMa



0
rps14

00

0
rps12
ycf2

rps18*

rps7*
rps19

psbJ

clpP
ps16

0 €00 200 100 0 €00 200 100 0

yjbus| abpae |ejo] / sebueyo Jo Jsquinu ues|p



