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Calamus is the largest genus in the palm family (Arecaceae) and contains many spe-
cies of high ecological and economical value. In this study, we assessed the nuclear 
ribosomal internal transcribed spacer region (ITS), matK, rbcL, trnH–psbA, as well as 
two combinations, matK + rbcL and matK + rbcL + trnH–psbA, as DNA barcodes for 
Calamus using 15 species or varieties distributed in China. ITS may exist as multiple 
copies in the examined Calamus species, and was eliminated from consideration as a 
possible barcode. The trnH–psbA spacer had the most variation, followed by matK and 
rbcL. No separations between intraspecific variation and interspecific divergence (bar-
coding gaps) were found in the remaining candidate barcodes. At the species level, the 
discrimination rates of the candidate barcodes based on neighbor–joining (NJ) trees 
were significantly different: matK (37.5%), rbcL (6.3%), trnH–psbA (56.3%), matK + 
rbcL (43.8%) and matK + rbcL + trnH–psbA (62.5%). Furthermore, the discrimination 
rates of trnH–psbA would improve to 91.7%, if the varieties of C. nambariensis and 
C. yunnanensis were treated as one species in the NJ tree. Thus, trnH–psbA may be an 
appropriate single DNA barcode for Calamus useful in the species identification.

Introduction

DNA barcodes generally refer to short DNA 
sequences, which can be used to rapidly and 
accurately identify species (Hebert et al. 2003). 
Besides species identification, DNA barcodes 
have also been deemed to improve or supple-
ment traditional taxonomy based on morpho-
logical characters (Hebert & Gregory 2005). An 
ideal barcode must conform to at least three cri-

teria: (1) universality (ease of amplification and 
sequencing), (2) sequence quality, and (3) dis-
criminatory power (Hollingsworth et al. 2011).

The most successful DNA barcode so far is 
the mitochondrial gene cytochrome oxidase c 
subunit 1 (COI ), which is widely used in ani-
mals (e.g. Hebert et al. 2004, Barrett & Hebert 
2005). However, finding universal and consist-
ent markers for land plants has proven difficult 
(Hollingsworth et al. 2011). As a result of a 
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generally low nucleotide substitution rate, COI 
has low discriminatory power in plant taxa, and 
it is not suitable as a plant barcode (Cho et 
al. 2004, Fazekas et al. 2008). Many candidate 
plant barcodes, including the nuclear internal 
transcribed spacer (ITS) regions or ITS2, chloro-
plast intergenic spacers (e.g. trnH–psbA, atpF–
atpH) and chloroplast coding regions (e.g. matK, 
rbcL) have been proposed (e.g. Kress et al. 2005, 
Chase et al. 2007, Lahaye et al. 2008, Fazekas 
et al. 2008, CBOL Plant Working Group 2009). 
Many researchers have acknowledged that multi-
ple markers would be required to obtain adequate 
species discrimination using plant DNA barcodes 
(Hollingsworth et al. 2011). Recently matK, rbcL 
and the combination matK + rbcL were suggested 
and employed as core plant barcodes (e.g., CBOL 
Plant Working Group 2009). Based on the assess-
ment of effectiveness and universality of matK, 
rbcL, trnH–psbA and ITS as barcode markers 
in seed plants of 141 genera from 75 families in 
China, China Plant BOL Group (2011) proposed 
ITS as one core barcode for seed plants.

Calamus is the largest genus in the palm 
family (Arecaceae), consisting of ca. 370 species 
distributed throughout the tropical and subtropi-
cal regions (Pei et al. 1991, Chen et al. 2003). 
Results of molecular phylogenetic analyses 
showed that Calamus was a paraphyletic genus; 
furthermore it and four other genera, i.e., Dae-
monorops, Retispatha, Ceratolobus and Pogono-
tium, formed a monophyletic group based on ITS 
and rps16 datasets (Baker et al. 2000a, 2000b). 
In Asia, China is the northern margin of the natu-
ral distribution of Calamus, and 37 species and 
26 varieties are reported in the southwestern and 
southeastern China (Xing et al. 2006).

The canes of many species of Calamus, 
known as “rattan”, are excellent materials for 
furniture. Due to overexploitation, the habitats 
and resources of Calamus in China have been 
dramatically reduced; therefore, it is important 
to conserve the species (Chen et al. 2003, Xing 
et al. 2006). The first step towards this goal is to 
distinguish the species. However, identification 
of Calamus species using morphological char-
acters alone is, at least in China, difficult. DNA 
barcoding may be helpful in distinguishing these 
species. Several molecular phylogenetic studies 
based on or including plastid (including matK, 

rbcL, rps16 and trnL–trnF) data have demon-
strated low variation within the palm family 
(e.g. Baker et al. 2000a, 2000b, Asmussen et al. 
2001, 2006), and the utility of plastid regions as 
DNA barcodes was thus thought to be low (e.g., 
Jeanson et al. 2011). In the palm family, matK, 
rbcL, trnH–psbA and ITS2 barcode data have 
so far been reported for only 40 species from the 
tribe Caryoteae, which are distributed from main-
land Asia to the western Pacific and Australia 
(Jeanson et al. 2011). In Caryoteae, these three 
plastid barcodes exhibited much lower species 
discrimination (26%–48%) than ITS2 (92%). To 
our knowledge, no DNA barcode data for Cala-
mus (tribe Calameae) have been collected. In the 
present study, we assessed the utility of four fre-
quently recommended DNA barcodes, i.e., matK, 
rbcL, trnH–psbA and ITS, as well as two of their 
combinations matK + rbcL and matK + rbcL + 
trnH–psbA, for identifying 15 Calamus species 
and varieties collected in China, representing ca. 
25% and 4% of Calamus diversity in China and 
the world, respectively.

Material and methods

Plant material

A total of 46 samples representing 15 Calamus 
species or varieties and Plectocomia himalayana 
were collected from Yunnan, China (Table 1). 
Because Plectocomia is closely related to Cala-
mus (Baker et al. 2000a), three individuals of 
P. himalayana were used as an outgroup in the 
phylogenetic analyses. Two to five samples of 
each species were analyzed. The taxonomy of 
Calamus in this study follows Chen et al. (2003). 
Vouchers were deposited at the Herbarium of the 
Kunming Institute of Botany, Chinese Academy 
of Sciences (KUN). Young and healthy leaves 
were collected in the field, then immediately 
dried and stored in silica gel until DNA extrac-
tion.

DNA extraction, amplification and 
sequencing

Genomic DNA was extracted using the modi-



ANN. BOT. FeNNICI Vol. 49 • Mat K, rbc L and trnH–psbA as DNA barcodes for Calamus 321
Ta

bl
e 

1.
 V

ou
ch

er
 in

fo
rm

at
io

n 
an

d 
G

en
Ba

nk
 a

cc
es

si
on

 n
um

be
rs

 fo
r t

he
 s

pe
ci

es
 a

nd
 v

ar
ie

tie
s 

ex
am

in
ed

 in
 th

is
 s

tu
dy

.

Ta
xo

n 
Lo

ca
lit

y 
La

tit
ud

e/
lo

ng
itu

de
 

Vo
uc

he
r 

G
en

Ba
nk

 A
cc

es
si

on
 n

o.
 

(a
ll 

in
 Y

un
na

n,
 C

hi
na

) 
 

 
 

 
 

 
m

at
K 

rb
cL

 
trn

H
–p

sb
A

C
al

am
us

 b
on

ia
nu

s 
M

en
gl

un
, M

en
gl

a 
21

°5
5´

N
/1

01
°1

7´
e 

Ya
ng

hq
00

59
 

JQ
04

20
14

 
JQ

04
20

65
 

JQ
04

21
16

C
. b

on
ia

nu
s 

M
en

gl
un

, M
en

gl
a 

21
°5

5´
N

/1
01

°1
7´

e 
Ya

ng
hq

00
60

 
JQ

04
20

15
 

JQ
04

20
66

 
JQ

04
21

17
C

. b
on

ia
nu

s 
M

en
gl

un
, M

en
gl

a 
21

°5
5´

N
/1

01
°1

7´
e 

Ya
ng

hq
00

61
 

JQ
04

20
16

 
JQ

04
20

67
 

JQ
04

21
18

C
. e

re
ct

us
 

N
an

ba
ng

, Y
in

gj
ia

ng
 

24
°4

2´
N

/9
7°

34
´e

 
Ya

ng
hq

00
24

 
JQ

04
19

83
 

JQ
04

20
34

 
JQ

04
20

85
C

. e
re

ct
us

 
N

an
ba

ng
, Y

in
gj

ia
ng

 
24

°4
2´

N
/9

7°
34

´e
 

Ya
ng

hq
00

25
 

JQ
04

19
84

 
JQ

04
20

35
 

JQ
04

20
86

C
. e

re
ct

us
 

N
an

ba
ng

, Y
in

gj
ia

ng
 

24
°4

2´
N

/9
7°

34
´e

 
Ya

ng
hq

00
26

 
JQ

04
19

85
 

JQ
04

20
36

 
JQ

04
20

87
C

. g
ra

ci
lis

 
N

an
ba

ng
, Y

in
gj

ia
ng

 
24

°4
4´

N
/9

7°
34

´e
 

Ya
ng

hq
00

21
 

JQ
04

19
80

 
JQ

04
20

31
 

JQ
04

20
82

C
. g

ra
ci

lis
 

N
an

ba
ng

, Y
in

gj
ia

ng
 

24
°4

4´
N

/9
7°

34
´e

 
Ya

ng
hq

00
22

 
JQ

04
19

81
 

JQ
04

20
32

 
JQ

04
20

83
C

. g
ur

ub
a 

va
r. 

el
ip

so
id

eu
s 

N
an

xi
, H

ek
ou

 
22

°3
9´

N
/1

03
°5

9e
 

Ya
ng

hq
00

01
 

JQ
04

19
66

 
JQ

04
20

17
 

JQ
04

20
68

C
. g

ur
ub

a 
va

r. 
el

ip
so

id
eu

s 
N

an
xi

, H
ek

ou
 

22
°3

9´
N

/1
03

°5
9e

 
Ya

ng
hq

00
02

 
JQ

04
19

67
 

JQ
04

20
18

 
JQ

04
20

69
C

. g
ur

ub
a 

va
r. 

el
ip

so
id

eu
s 

N
an

xi
, H

ek
ou

 
22

°3
9´

N
/1

03
°5

9e
 

Ya
ng

hq
00

03
 

JQ
04

19
68

 
JQ

04
20

19
 

JQ
04

20
70

C
. h

en
ry

an
us

 
M

en
gl

a,
 M

en
gl

a 
21

°3
0´

N
/1

01
°3

4´
e 

Ya
ng

hq
00

52
 

JQ
04

20
07

 
JQ

04
20

58
 

JQ
04

21
09

C
. h

en
ry

an
us

 
M

en
gl

a,
 M

en
gl

a 
21

°3
0´

N
/1

01
°3

4´
e 

Ya
ng

hq
00

53
 

JQ
04

20
08

 
JQ

04
20

59
 

JQ
04

21
10

C
. k

ar
in

en
si

s 
M

en
gl

on
g,

 J
in

gh
on

g 
21

°3
1´

N
/1

00
°3

0´
e 

Ya
ng

hq
00

48
 

JQ
04

20
04

 
JQ

04
20

55
 

JQ
04

21
06

C
. k

ar
in

en
si

s 
M

en
gl

on
g,

 J
in

gh
on

g 
21

°3
1´

N
/1

00
°3

0´
e 

Ya
ng

hq
00

49
 

JQ
04

20
05

 
JQ

04
20

56
 

JQ
04

21
07

C
. k

ar
in

en
si

s 
M

en
gl

on
g,

 J
in

gh
on

g 
21

°3
1´

N
/1

00
°3

0´
e 

Ya
ng

hq
00

50
 

JQ
04

20
06

 
JQ

04
20

57
 

JQ
04

21
08

C
. n

am
ba

rie
ns

is
 v

ar
. a

lp
in

us
 

M
en

gl
on

g,
 J

in
gh

on
g 

21
°3

1´
N

/1
00

°3
0´

e 
Ya

ng
hq

00
17

 
JQ

04
19

77
 

JQ
04

20
28

 
JQ

04
20

79
C

. n
am

ba
rie

ns
is

 v
ar

. a
lp

in
us

 
M

en
gl

on
g,

 J
in

gh
on

g 
21

°3
1´

N
/1

00
°3

0´
e 

Ya
ng

hq
00

19
 

JQ
04

19
79

 
JQ

04
20

30
 

JQ
04

20
81

C
. n

am
ba

rie
ns

is
 v

ar
. m

en
gl

on
ge

ns
is

 
M

en
gl

on
g,

 J
in

gh
on

g 
21

°3
1´

N
/1

00
°3

0´
e 

Ya
ng

hq
00

40
 

JQ
04

19
96

 
JQ

04
20

47
 

JQ
04

20
98

C
. n

am
ba

rie
ns

is
 v

ar
. m

en
gl

on
ge

ns
is

 
M

en
gl

on
g,

 J
in

gh
on

g 
21

°3
1´

N
/1

00
°3

0´
e 

Ya
ng

hq
00

41
 

JQ
04

19
97

 
JQ

04
20

48
 

JQ
04

20
99

C
. n

am
ba

rie
ns

is
 v

ar
. m

en
gl

on
ge

ns
is

 
M

en
gl

on
g,

 J
in

gh
on

g 
21

°3
1´

N
/1

00
°3

0´
e 

Ya
ng

hq
00

42
 

JQ
04

19
98

 
JQ

04
20

49
 

JQ
04

21
00

C
. n

am
ba

rie
ns

is
 v

ar
. x

is
hu

an
gb

an
na

en
si

s 
M

en
gl

on
g,

 J
in

gh
on

g 
21

°3
1´

N
/1

00
°3

1´
e 

Ya
ng

hq
00

34
 

JQ
04

19
91

 
JQ

04
20

42
 

JQ
04

20
93

C
. n

am
ba

rie
ns

is
 v

ar
. x

is
hu

an
gb

an
na

en
si

s 
M

en
gl

on
g,

 J
in

gh
on

g 
21

°3
1´

N
/1

00
°3

1´
e 

Ya
ng

hq
00

36
 

JQ
04

19
93

 
JQ

04
20

44
 

JQ
04

20
95

C
. n

am
ba

rie
ns

is
 v

ar
. x

is
hu

an
gb

an
na

en
si

s 
M

en
gl

on
g,

 J
in

gh
on

g 
21

°3
1´

N
/1

00
°3

1´
e 

Ya
ng

hq
00

37
 

JQ
04

19
94

 
JQ

04
20

45
 

JQ
04

20
96

C
. n

am
ba

rie
ns

is
 v

ar
. x

is
hu

an
gb

an
na

en
si

s 
M

en
gl

on
g,

 J
in

gh
on

g 
21

°3
1´

N
/1

00
°3

1´
e 

Ya
ng

hq
00

38
 

JQ
04

19
95

 
JQ

04
20

46
 

JQ
04

20
97

C
. p

la
ty

ac
an

th
us

 v
ar

. l
on

gi
ca

rp
us

 
N

an
xi

, H
ek

ou
 

22
°3

9´
N

/1
03

°5
8e

 
Ya

ng
hq

00
07

 
JQ

04
19

72
 

JQ
04

20
23

 
JQ

04
20

74
C

. p
la

ty
ac

an
th

us
 v

ar
. l

on
gi

ca
rp

us
 

N
an

xi
, H

ek
ou

 
22

°3
9´

N
/1

03
°5

8e
 

Ya
ng

hq
00

08
 

JQ
04

19
73

 
JQ

04
20

24
 

JQ
04

20
75

C
. r

ha
bd

oc
la

du
s 

N
an

xi
, H

ek
ou

 
22

°3
9´

N
/1

03
°5

7e
 

Ya
ng

hq
00

04
 

JQ
04

19
69

 
JQ

04
20

20
 

JQ
04

20
71

C
. r

ha
bd

oc
la

du
s 

N
an

xi
, H

ek
ou

 
22

°3
9´

N
/1

03
°5

7e
 

Ya
ng

hq
00

05
 

JQ
04

19
70

 
JQ

04
20

21
 

JQ
04

20
72

C
. r

ha
bd

oc
la

du
s 

N
an

xi
, H

ek
ou

 
22

°3
9´

N
/1

03
°5

7e
 

Ya
ng

hq
00

06
 

JQ
04

19
71

 
JQ

04
20

22
 

JQ
04

20
73

C
. v

im
in

al
is

 v
ar

. f
as

ci
cu

la
tu

s 
M

en
gm

ia
n,

M
en

gl
a 

21
°2

1´
N

/1
01

°2
0´

e 
Ya

ng
hq

00
54

 
JQ

04
20

09
 

JQ
04

20
60

 
JQ

04
21

11
C

. v
im

in
al

is
 v

ar
. f

as
ci

cu
la

tu
s 

M
en

gm
ia

n,
M

en
gl

a 
21

°2
1´

N
/1

01
°2

0´
e 

Ya
ng

hq
00

55
 

JQ
04

20
10

 
JQ

04
20

61
 

JQ
04

21
12

C
. v

im
in

al
is

 v
ar

. f
as

ci
cu

la
tu

s 
M

en
gm

ia
n,

M
en

gl
a 

21
°2

1´
N

/1
01

°2
0´

e 
Ya

ng
hq

00
56

 
JQ

04
20

11
 

JQ
04

20
62

 
JQ

04
21

13
C

. y
un

na
ne

ns
is

 
To

ng
bi

gu
an

,Y
in

gj
ia

ng
 

24
°3

7´
N

/9
7°

39
´e

 
Ya

ng
hq

00
29

 
JQ

04
19

86
 

JQ
04

20
37

 
JQ

04
20

88
co

nt
in

ue
d



322 Yang et al. • ANN. BOT. FeNNICI Vol. 49

fied CTAB method (Doyle & Doyle 1987). DNA 
was dissolved in TE buffer (10 mM Tris-HCl, 
pH 8.0, 1 mM EDTA) to a final concentration of 
30–60 ng l–1. The PCR amplification was per-
formed in a 25 µl reaction mixture containing 
20 ng DNA, 10 mmol l–1 Tris-HCl (pH 8.3), 50 
mmol l–1 KCl, 1.5 mmol l–1 MgCl2, 200 µmol l–1 
each dNTP, 0.4 µmol l–1 each primer, and 1 U 
Taq DNA polymerase (TaKaRa, Dalian, China). 
For the amplification and sequencing, we used 
the following primers suggested by the China 
Plant BOL Group (2011): ITS4 and ITS5 for 
ITS, including ITS1, 5.8S and ITS2 (White et 
al. 1990), 390F and 1326R for matK (Cuénoud 
et al. 2002), 1F and 724R for rbcL (Fay et al. 
1997), trnH (Tate & Simpson 2003) and psbA3 
(Sang et al. 1997) for trnH–psbA. The PCR 
amplification conditions for matK, rbcL, trnH–
psbA and ITS were as follows: an initial prede-
naturation step at 94 ℃ for 5 min, followed by 
30 cycles of 30 s at 94 ℃, 30 s at 52 ℃, and 1 
min at 72 ℃, with a final extension step of 10 
min at 72 ℃. For the ITS amplification, three 
additional annealing temperatures (51, 54 and 
56 ℃) were also applied. The amplification of 
genomic DNA was done in a PTC-100 thermo-
cycler (Bio-Rad, Hercules, CA, USA).

The PCR products of matK, rbcL and trnH–
psbA were run on a 1.0% agarose gel in 1.0¥ 
TBE (Tris-borate-EDTA) buffer, purified using 
the Tiangen Midi purification Kit (Tiangen 
Biotech, Beijing, China) and then sequenced 
using the BigDye Terminator Cycle Sequencing 
Ready Reaction Kit and an Applied Biosystems 
ABI3730 DNA Sequencer.

Data analysis

Sequences were assembled using the SeqMan 
program (DNAStar Inc., Madison, Wisconsin, 
Burland, 2000) and aligned using CLUSTAL X 
(Thompson et al. 1997), then adjusted manually. 
The inter- and intraspecific variation of each bar-
coding region was characterized by calculating 
Kimura-2-parameter (K2P) distances in MEGA 
4.0 (Tamura et al. 2007). K2P is one of the 
optimal models when distances are very small 
(Hebert et al. 2003). To assess the significance of 
intra- and interspecific divergence, the Wilcoxon Ta
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signed-rank and Wilcoxon two-sample tests in 
SPSS 16.0 (SPSS, Chicago, IL, USA) were used. 
The separations between intraspecific variation 
and interspecific divergence (“barcoding gaps”, 
Meyer & Paulay 2005) were gained by compar-
ing the distributions of intra- and interspecific 
divergences of each candidate locus using the 
program TaxonDNA (Meier et al. 2006).

We also used TaxonDNA to analyze discrimi-
nation rates of DNA barcodes based on genetic 
distance (Meier et al. 2006). We employed three 
methods of this program, i.e., “Best match”, 
“Best close match” and “All species barcodes”, 
to ensure accurate species assignments in the 
datasets of matK, rbcL, trnH–psbA, as well as 
the two combinations matK + rbcL and matK 
+ rbcL + trnH–psbA. For the “Best match”, a 
query is assigned the species name of its best-
matching barcode sequences, regardless of how 
similar the query and barcode sequences are. 
With the “Best close match”, a threshold simi-
larity value is required to define how similar a 
barcode match needs to be before it can be 
identified. Using “All species barcodes”, a query 
is assigned a species name only if the query is 
followed by all known barcodes for a particular 
species and only if there are at least two conspe-
cific matches.

Tree-based methods were used to display 
the molecular identification results and test the 
monophyly of the species. Analyses using dif-
ferent methods may result in different trees 
which differ in relationships among individu-
als, species or genera. We, therefore, performed 
four methods, including neighbor-joining (NJ), 
unweighted pair group method with arithmetic 
mean (UPGMA), maximum parsimony (MP) 
and maximum likelihood (ML), to confirm the 
monophyly of species. NJ and UPGMA trees 
were generated using MEGA 4.0 under K2P 
model, and MP and ML trees were obtained 
with PAUP 4.0b10 (Swofford 2002) under gen-
eral time reversible + I + G model assessed by 
ModelTest 3.7 (Posada & Crandall 1998). The 
resolution of species was characterized by cal-
culating the percentage of species recovered as 
monophyletic based on the molecular trees. We 
regarded a species or variety as monophyletic 
only if all of its individuals grouped in a clade 
with more than 50% bootstrap values.

Results

PCR amplification and sequencing 
success

In the examined species, the matK, rbcL and 
trnH–psbA regions exhibited 100% amplifica-
tion and sequencing success (Table 2). Although 
four annealing temperatures (i.e., 51, 52, 54 
and 56 ℃) were used in the amplification, the 
PCR success rates for the ITS region were lower 
than 25%, and the success rate for bidirectional 
sequencing of ITS was zero due to strong over-
lapping signals in the sequencing. The poor suc-
cess rates for the ITS amplification and sequenc-
ing may be due to the primer set of ITS4/ITS5 
which is initially designed for fungi (White et 
al. 1990). Another probable reason is that the 
ITS region of the species examined in this study 
may have multiple divergent copies as shown in 
the subfamily Calamoideae including Calamus 
by Baker et al. (2000a). Multiple divergent ITS 
copies may potentially lead to misidentification 
in DNA barcoding due to differential sampling 
of divergent paralogues (Jeanson et al. 2011); 
we, therefore, abandoned the ITS region. In total 
46 new sequences of matK, rbcL and trnH–psbA 
were obtained from Plectocomia himalayana 
and from the 15 species or varieties of Calamus.

Alignment and character analysis of each 
locus

The aligned sequence lengths were 795 bp for 
matK, 695 bp for rbcL, 1020 bp for trnH–psbA, 
1490 bp for matK + rbcL, and 2485 bp for 
matK+ rbcL + trnH–psbA (Table 2). Of the three 
plastid barcodes, the trnH–psbA region showed 
the greatest number of variable sites (132) and 
greatest mean interspecific distance (0.0751). 
No intraspecific inversions were detected in the 
trnH–psbA dataset. There were many indels in 
the aligned trnH–psbA dataset, the longest com-
prising 258 bp in two individuals of C. gracilis 
(Table 2). The variable sites of trnH–psbA were 
approximately 6.8 and 21 times more than matK 
and rbcL, respectively. MatK had 17 variable 
sites, approximately 2.8 times more than rbcL, 
which had six variable sites.
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Genetic divergence analysis

The mean interspecific distances of the examined 
loci were much greater than the intraspecific dis-
tances in the present study (Table 2). The mean 
intraspecific distance was 0.0001 in the matK 
dataset, varying from zero to 0.0009; and two 
varieties (C. nambariensis var. alpinus and C. 
nambariensis var. xishuangbannaensis) showed 
intraspecific variation (0.0009 and 0.0005, 
respectively). No species or varieties exhibited 
intraspecific variation in the rbcL dataset. The 
mean intraspecific distance was 0.0001 in the 
trnH–psbA dataset, varying from zero to 0.0020; 
and three species or varieties (C. bonianus, C. 
nambariensis var. alpinus and C. nambariensis 
var. xishuangbannaensis) showed intraspecific 
variation (0.0020, 0.0010 and 0.0006, respec-
tively). The results of the Wilcoxon two-sample 
test indicated that the interspecific divergences 
for all five barcode sequences were significantly 
higher than the corresponding intraspecific vari-
ations. The combination matK + rbcL + trnH–
psbA had the greatest inter- versus intraspe-
cific variation (Wilcoxon two-sample test: p << 
0.001), followed by trnH–psbA and matK + 
rbcL, while matK had the lowest value (Table 3).

According to the results of the Wilcoxon 
signed-rank test, the rank order for the inter-
specific variation of the five candidate barcode 
sequences was trnH–psbA > matK + rbcL + 
trnH–psbA > matK > matK + rbcL > rbcL. 
TrnH–psbA showed the highest variation among 
all of the candidate barcodes and their combina-
tions (Table 4).

Monophyly test based on molecular 
trees

The discriminatory success of single and com-
bined barcodes was determined by evaluating the 
percentage of each species or variety determined 
to be monophyletic using NJ, UPGMA, MP, and 
ML trees. Of these four molecular tree analyses, 
the UPGMA tree always yielded the best results, 
with more species resolved and higher bootstrap 
values. Based on the monophyletic species value 
of the NJ tree, the rank order of monophyletic 
species and varieties identification power of the Ta
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candidate barcodes was: matK + rbcL + trnH–
psbA (62.5%) > trnH–psbA (56.3%) > matK + 
rbcL (43.8%) > matK (37.5%) > rbcL (6.3%) 
(Table 5). Furthermore, when treating the vari-
eties of Calamus nambariensis (including C. 
nambariensis var. alpinus, C. nambariensis var. 
menglongensis, C. nambariensis var. xishuang-
bannaensis) and C. yunnanensis (including C. 
yunnanensis, C. yunnanensis var. densiflorus, 
C. yunnanensis var. intermedius) as one species, 
the monophyletic species value in the NJ trees 
improved to 100% (12/12) for the combined 
barcode matK + rbcL + trnH–psbA (Fig. 1) and 
91.7% (11/12) for trnH–psbA (Fig. 2). Respe-
cive values for matK, rbcL and matK + rbcL 
were 58.3% (7/12), 8.3% (1/12) and 75% (9/12).

Barcoding gap test

The barcoding gap between intra- and interspe-
cific distances was determined by graphing the 
distribution of the K2P distances for the five 
candidate barcode sequences (Fig. 3). We did 
not find any large barcoding gaps, although in 

the trnH–psbA dataset the distribution of intra- 
versus interspecific distances was considerably 
well separated. For all candidate barcodes, the 
discrimination rates based on the “Best match” 
of the TaxonDNA were identical to those of 
the “Best close match”. The discrimination rates 
obtained with these two methods were apparently 
different among the candidate barcodes matK 
(41.3%), rbcL (8.7%), trnH–psbA (58.7%), matK 
+ rbcL (47.8%) and matK + rbcL + trnH–psbA 
(58.7%) (Table 6). According to the “All species 

Table 3. Divergence of inter- versus intraspecific dis-
tances of each locus and different combinations. p << 
0.001 in all cases.

Region Wilcoxon two-sample test
 
 #A #B W

mat K 9027 275 5568
rbc L 9075 251 5838
trnH–psbA 9129 173 6203
mat K + rbc L 9128 172 6258
mat K + rbc L + trnH–psbA 9134 179 6169

Table 4. Results of the Wilcoxon signed-rank test of interspecific divergence among loci.

W+ W– Relative rank n p << Result
  
  W+ W–

mat K rbc L 5329 1457 116 0.001 mat K > rbc L
mat K trnH–psbA 0 6759 116 0.001 mat K < trnH–psbA
rbc L trnH–psbA 6 6873 117 0.001 rbc L < trnH–psbA
mat K + rbc L mat K 1461 5321 116 0.001 mat K + rbc L < mat K
mat K + rbc L rbc L 4419 1029 104 0.001 mat K + rbc L > rbc L
mat K + rbc L trnH–psbA 3 6739 116 0.001 mat K + rbc L < trnH–psbA
mat K + rbc L + trnH–psbA mat K 6882 5 117 0.001 mat K + rbc L + trnH–psbA > matK
mat K + rbc L + trnH–psbA rbc L 6548 0 114 0.001 mat K + rbc L + trnH–psbA > rbc L
mat K + rbc L + trnH–psbA trnH–psbA 62 6718 116 0.001 mat K + rbc L + trnH–psbA < trnH–psbA
mat K + rbc L+ trnH–psbA mat K+ rbc L 6889 0 117 0.001 mat K + rbc L + trnH–psbA > mat K + rbc L

Table 5. Species identification power of the DNA markers based on the tree-based methods.

Ability to mat K rbc L trnH–psbA mat K + rbc L matK + rbcL+ trnH–psbA
discriminate

UPGMA tree 43.8% (7/16) 12.5% (2/16) 62.5% (10/16) 43.8% (7/16) 62.5% (10/16)
NJ tree 37.5% (6/16) 6.3% (1/16) 56.3% (9/16) 43.8% (7/16) 62.5% (10/16)
MP tree 37.5% (6/16) 6.3% (1/16) 56.3% (9/16) 37.5% (6/16) 62.5% (10/16)
ML tree 37.5% (6/16) 6.3% (1/16) 56.3% (9/16) 37.5% (6/16) 62.5% (10/16)
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Fig. 1. A taxon identifica-
tion tree for 15 Calamus 
species or varieties cre-
ated using the neighbor-
joining (NJ) analysis of 
Kimura-2-parameter dis-
tances based on combined 
mat K + rbc L + trnH–psbA 
sequences. Bootstrap 
values (> 50%) are shown 
above the branches. Spe-
cies names are followed by 
voucher numbers.

barcodes” method, all of the candidate barcodes 
had 78.3% discrimination rates.

Discussion and conclusion

For an appropriate DNA barcode, one of the 
most important criteria is universality, i.e., high 
PCR and sequencing success (e.g., Kress et al. 
2005, Chase et al. 2007, Hollingsworth et al. 
2011, China Plant BOL Group 2011). In our 
study, all of the matK, rbcL and trnH–psbA 
regions performed well with 100% PCR and 
sequencing success. High-quality bidirectional 
sequences could thus be obtained easily for the 
matK, rbcL and trnH–psbA loci.

ITS was proposed as a complementary 
marker to the core barcodes (CBOL Plant Work-

ing Group 2009) or a core barcode (China Plant 
BOL Group 2011). Many studies have demon-
strated high variability in ITS (e.g. Kress et al. 
2005, Sass et al. 2007, Liu et al. 2011). How-
ever in our study, ITS had poor success rates 
of amplification with the ITS4/ITS5 primer set, 
which may indicate that more universal primers 
for ITS as a plant DNA barcode are still needed. 
On the other hand, Baker et al. (2000a) revealed 
multi-copies of ITS in the calamoid palms, and 
their ITS sequences were proven to come from 
pseudogenic ITS regions (Harpke & Peterson 
2008). Although in plant DNA barcoding, infor-
mation from divergent putative pseudogenes 
can be useful for phylogenetic analyses (Razafi-
mandimbison et al. 2004), additional procedures 
in cloning and analysis will take more time and 
expense. Recently ITS2 exhibited the highest 
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Fig. 2. A taxon identifica-
tion tree for 15 Calamus 
species or varieties cre-
ated using neighbor-
joining (NJ) analysis of 
Kimura-2-parameter dis-
tances based on trnH–
psbA sequence. Bootstrap 
values (> 50%) are shown 
above the branches. Spe-
cies names are followed 
by voucher numbers.

species discrimination (92%) in 40 species from 
the tribe Caryoteae of the palm family as com-
pared with that of the matK, rbcL and psbA-trnH 
loci (Jeanson et al. 2011). It will be expected 
to test ITS2 as a barcode in Calamus and other 
palm genera in the future.

Similar to the results of China Plant BOL 
Group (2011) and Jeanson et al. (2011), the two 
core markers — matK and rbcL — individually 

exhibited low species discrimination rates. In 
Calamus, the success rates of matK and rbcL 
based on the NJ tree were only 37.5% and 6.3% 
at the species level, respectively. Meanwhile, 
using “Best match” or “Best close match” of 
the TaxonDNA analysis, the success rates for 
individual identification of matK and rbcL were 
41.3% and 8.7%, respectively. Similarly, in the 
recent barcoding analysis of Caryoteae, the spe-

Table 6. Individual identification success rate based on the TaxonDNA analysis.

Criteria mat K rbc L trnH–psbA mat K + rbc L mat K + rbc L + trnH–psbA

Best match 19 (41.3%) 4 (8.7%) 27 (58.7%) 22 (47.8%) 27 (58.7%)
Best close match 19 (41.3%) 4 (8.7%) 27 (58.7%) 22 (47.8%) 27 (58.7%)
All species barcodes 36 (78.3%) 36 (78.3%) 36 (78.3%) 36 (78.3%) 36 (78.3%)
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cies discriminations were 48% for matK and 
26% for rbcL (Jeanson et al. 2011). It is clear 
that the identification power of matK and rbcL is 
significantly lower at infrageneric levels than at 
the generic level; meanwhile, these two plastid 
DNA regions have low species identification 
power at the species level in some plant groups 
such as Poales, Laurales, Dioscoreales, Apiales, 
and Zygophyllales (China Plant BOL Group 
2011). Therefore, in Calamus neither matK nor 
rbcL is capable of identifying closely related 
species.

TrnH–psbA has been suggested as a promis-
ing plant DNA barcoding marker by many stud-
ies (e.g. Lahaye et al. 2008, Nitta 2008, China 
Plant BOL Group 2011). However, one flaw of 

trnH–psbA as a barcode is its dramatic change in 
sequence lengths among different taxa and even 
congeneric species, caused by insertions/dele-
tions (Kress et al. 2005). This can lead to diffi-
culties in sequence alignment (Chase et al. 2007, 
CBOL Plant Working Group 2009). In our study, 
many indels were also found in the aligned trnH–
psbA dataset, and two individuals of C. gracilis 
had an indel of 258 bp. Though psbA–trnH only 
had the second lowest species discrimination 
(37%) in the barcoding of Caryoteae (Jeanson 
et al. 2011), trnH–psbA, in the current study, it 
exhibited more variation than matK and rbcL, 
and has a higher discrimination rate than matK, 
rbcL, and even matK + rbcL. Consequently, the 
trnH–psbA region has a potential to be used as 

Fig. 3. Distribution of intra- and interspecific Kimura-
2-parameter (K2P) distances for five of the candidate 
barcodes.
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a single barcode in Calamus. Based on the NJ 
tree and TaxonDNA, the combination of matK 
+ rbcL, a core plant barcode proposed by CBOL 
Plant Working Group (2009), greatly improved 
the species discriminating rates to 43.8% and 
47.8%, respectively. Similarly, matK + rbcL had 
51.8% species discrimination in the barcoding 
of Caryoteae (Jeanson et al. 2011). As a whole, 
the identification power of this combination is 
unsatisfactory at the species level. Due to trnH–
psbA, the species discrimination rates of matK 
+ rbcL + trnH–psbA considerably improved to 
62.5% (NJ tree) and 58.7% (“Best match” of 
TaxonDNA). By ignoring the varieties of C. yun-
nanensis and C. nambariensis, its discrimination 
rates reach 100% (NJ tree), making it an appro-
priate combination barcode for Calamus.

In conclusion, of the regions examined in this 
study, the trnH–psbA region is an appropriate 
single barcode in Calamus. We consider DNA 
barcoding to be a useful tool to identify spe-
cies within this economically and ecologically 
important genus. As far as we know, this is the 
first report contributed to DNA barcoding of 
Calamus, the largest genus of the palm family. 
Although considerable efforts have gone into 
testing barcoding markers, only 15 species or 
varieties collected in China were examined in 
the present study. For accurate species identifica-
tion in Calamus, further studies on the species 
from other geographic regions and more candi-
date barcodes are required.
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