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Figure S1.Plastid genome map of 35 cacti species. The genes outside the circle are transcribed in the 
counterclockwise direction, and the genes inside the circle are transcribed in the clockwise direction. Different 
colors in genes represent different functions. The dark gray area and light gray area of the inner circle represent 
the ratio of GC content to AT content in the genome, respectively.
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RNA polymerase
RubisCO large subunit
NADH dehydrogenase
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I

IR
AIRB

SSC

LSC
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Deamia testudo

chloroplast genome

121,008 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I

IR
AIRB

SSC

LSC
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Echinocactus grusonii

chloroplast genome

119,201 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
NADH dehydrogenase
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I
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Echinocereus pentalophus

chloroplast genome

128,011 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
NADH dehydrogenase
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I

IR
AIRB
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LSC
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Echinopsis mirabilis

chloroplast genome

126,622 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I
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Epiphyllum oxypetalum

chloroplast genome

120,360 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I

IR
AIRB

SSC

LSC
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Espostoa lanata

chloroplast genome

127,229 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I
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Ferocactus latispinus

chloroplast genome

116,692 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
NADH dehydrogenase
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I
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Frailea castanea var. nitens 
chloroplast genome

110,388 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I
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Gymnocalycium saglionis

chloroplast genome

124,390 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I
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Leuchtenbergia principis

chloroplast genome

116,863 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I
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Mammillaria gracilis

chloroplast genome

110,855 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
NADH dehydrogenase
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I
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Matucana haynei

chloroplast genome

126,870 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I
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Myrtillocactus geometrizans

chloroplast genome

133,639 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I
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LSC



ycf2

ycf
2

rpoC2

rp
oB

rr
n2

3S

trnK-UUU

accD

ps
aA

ps
aB

ycf3

rpoC1

rpl16 matK

psbB

atpA

atpB

rrn16S

rbcL

petB

ps
bC

atpF

petD

rps16

ps
bD

psbA

ycf1

yc
f1

trnE
-U

U
C

rpoA

cc
sA

petA

rpl2

rps12

trnT-CGU

atpI
rps2

cemA

rps3

clpP

rps4

ccsA

ycf4

trnL-U
A

A
rpl22

rps7

rps11

rpl20

rps8

atpE

rps19

rps18

rpl14
rp

s1
4

rps15

rp
s1

5

psbE

atpH

psaC

ps
aC

infA

psbH

ycf15

ps
bZ

psbK

rp
l3

2

psaJ

psbN
rr

n5
S

psbJpsbF

psbI
rpl36

rps12

petG

psaI

psbT

ps
bM

rr
n4

.5
S

petL

pe
tN

tr
nS

-U
G

A

trnS-GCU

trnS
-G

G
A

trnF-G
AA

trn
Y

-G
U

A

trnL-CAA

trn
L-

CAA

tr
nL

-U
A

G

trnP-UGG

tr
nM

-C
A

U

trn
D

-G
U

C

trnH-GUG

trnM-CAU

tr
nR

-A
C

G

trnM-CAU

trnH-GUG

trnW-CCA

tr
nM

-C
A

U

trnM
-C

AU

trnF
-G

A
A

trn
E

-U
U

C

trnT
-U

G
U

trnR-UCU

trnV
-G

A
C

trn
T-

G
G

U

trnQ-UUG

tr
nN

-G
U

U

tr
nG

-G
C

C

trn
C-G

CA

Neobuxbaumia polylopha

chloroplast genome

128,889 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I

IR
AIRB

SSC

LSC



ycf2

ycf1

rpoC2

rpoB
rr

n2
3S

trnK-UUU

trnK-UUU

psaA

psaB

ycf3

rpoC1

ac
cD

matK

matK

rpl16

psbB

atpA

rrn
16

S

at
pB

petB

rbcL

ps
bC

atpF

petD

psbA

ps
bD

psb
A

rp
s1

8
rpoA

ccsA

trn
E-

U
U

C
petA

rpl2

rpl2

rp
s1

2

rps2

atpI

trnL-U
A

A

cemA

rps3

rps4

clpP

rp
s7

rpl22

rps11

rps19

at
pE

rps8

rpl20

rpl14

rp
s1

4

rps15

psbE

atpH

psaC
psbH

rp
l3

2

ycf4

ps
bZ

psbK

ps
aJ

psbN

psbJ

rr
n5

S

psbF

rps12

petG

rpl36

psaI

psbI

psbT

psb
M

petL

trn
S-

U
G

A

petN

trnS-GCU
trnS

-G
G

A

trn
Y-G

UA

trnL-C
A

A

tr
nL

-U
A

G

rr
n4

.5
S tr
nR

-A
C

G

trnH-GUG

trnM-CAU

trn
M-C

AU

trn
H-G

UG

trnP
-U

G
G

trn
D-G

UC

trnW
-C

C
A

trnF
-G

A
A

trnT
-U

G
U

trn
E-U

UC

tr
nM

-C
A

U

trn
V-G

AC

trnQ
-U

U
G

trn
M

-C
A

U

trnR-UCU

trn
C-G

CA

tr
nN

-G
U

U

trn
T-

GGU

trn
G

-G
C

C

tr
nM

-C
A

U

Obregonia denegrii

chloroplast genome

118,438 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I

IR
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Opuntia microdasys

chloroplast genome

123,169 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
NADH dehydrogenase
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I
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Parodia scopa

chloroplast genome

126,253 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I
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Pereskia aculeata

chloroplast genome

141,752 bp

hypothetical chloroplast reading frames (ycf)
other genes
clpP, matK
ribosomal RNAs
transfer RNAs
ribosomal proteins (LSU)
ribosomal proteins (SSU)
RNA polymerase
RubisCO large subunit
NADH dehydrogenase
ATP synthase
cytochrome b/f complex
photosystem II
photosystem I
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Schlumbergera truncata

chloroplast genome
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chloroplast genome
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chloroplast genome
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