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DNA Barcoding of Acer palmatum ( Aceraceae)
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and Conservation of Ministry of Education, Beijing Forestry University, Beijing 100083, China)

Abstract.: Acer palmatum Thunb. ( Aceraceae) is an important garden ornamental tree
species in northern temperate regions. It is relatively difficult to classify by traditional methods
due to frequent intraspecific hybridization and introgression. However, the emergence and
development of DNA barcoding methods has provided an alternative approach to this issue. In
this study, five candidate DNA noncoding regions ( rpl6, psbA-trnH, trnl-trnF, rbcl and
matK) from the chloroplast genome and internal transcribed spacer (ITS) region from the
nuclear genome were used to distinguish eight taxa of A. palmatum. The identification
efficiency estimated by PWG-distance and Tree-Building methods showed that single
chloroplast DNA fragment (0% — 25%) or ITS fragment (12.5%) always showed low levels of
species discrimination, while the combination of chloroplast DNA fragments (0% - 62.5%)
and chloroplast DNA fragments plus ITS fragments (12.5% — 50%) had higher resolution for
identifying A. palmatum. The highest discrimination rate of rp[16 + psbA-trnH + trnL-trnF
reached 62.5%. Thus, we concluded that rp/[16 + psbA-trnH + trnL-trnF could be considered
as a potential barcode for taxa identification in A. palmatum.
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e AT X TR T Jr 2R DNA ZRJE A 5 ik 735

MR (Acer) X3 )Tk ( Acer palmatum Thunb.)
JEE T HA, B RSETHE . A KL
T H X RO R T AR S T | AR
TER IS B AR AU ROt . IR
BN B A, XTI (JRAEFR) (A, pal-
matum subsp. palmatum) . /NS )Tk (A. palma-
tum var. thunbergii) . 40 M3 TR (168 7R P B W,
A. palmatum var. dissectum) . %2135 JTUM ({5 Fx
4T, A. palmatum f. atropurpureum) ) K fizs B
Z R B SRR XS TURRD T R4 H AT £ S
FAGGIL ARG, e SES #AR K/
K a] A RE A o b, /NN TORR 5 X8 TOR (5742
O R EZIEE X BN, HE/NERIERT7 2, il
GEMRSRBIAR, RN, NRREIIETEAE, R
1M, XEETEA 22 7 AR i 2 A i 2 S 3O A R AL B
MELAHER, JF HXG TSR ] 28 sc i % TEAMAREE
fEE R, Wik TR e, Hik, £TIEE
SRR YE, T B DNA KB AR HA
G ST Y N P a0 S VRSN =R YN 0 il N e £ 374
T4y, XTEHE 59 AR A REEE L,

AR, DNA FIEAGE AR M4 | 5 N
FH A it e JTCHRR T 2 268 B 3] 40 5 2 e g it T
Al S 2% 1 % DNA B3 AR thin &
K25 Hebert 78 2003 4E e k2, BIF]FH
FRuEAL B . B4 ) DNA FF 31 % 9 Fh gk 17 b sk |
R % S 5oy 258 R E K]
DNA ZT8 05 56 78 B AR 32 AR TE A FRAE BRI A
FOR B BB, JF IR R 0T AR
Sl FESWHE 2 R B () S5 TE A S5 8 T T, SRk
K COI(CHIME B R ¢ AALB AL |) I B A R 47
ff) DNA AR i vE, R e e | 5
eI N R A £ U A
HU B R U T RAFRRCR . AR A [
TSI SRR A S e v, 3 P P A v 1 2 R 4 R B
HENAE Gk =, [HEA M CHE R A DNA
LR TR SR At 2%, BN, Kress Fl Erick-
son' " i R FH BT 4k & DNA R BE4l A& rbel +
psbA-trnH X il AR HEA T4 5 LSRRI
M%) TAE 41 (CBOL Plant Working Group ) Il #E #%
H-24%4K DNA rbcl + matK F Be 418 J kil A=A

(R 2 7 A 20w R ) ST i AR 5 141 BA ( Chil-
na Plant BOL Group) A A 24¢{&k DNA A B psbA-
trnH 53R AL ITS R Bedl & % TR 2 809k 74l
Y 04 S A e Al R kA, e — skt
5K F Ben rooB 1 rooC11#% o6t | trnS-
trnG' | trnl-trnF'® | rps4™ | yef ) A 4 i
SEpE TR SE , HLBUS T3 RCR

M2k A DNA R Bt 5B AE 4 ITS R Befe 241
MR A B e, (A TR E A B
FE A T B PRSI, 5k 1 0 28 HR O A 3T
BRRR T 3 28R A e SR v 2R A5, ARBFSE LA 3
AH B 41K DNA B ( psbA-trnH | rbel
matk) , 2 Mgk gtk DNA F B (rpn6., trnl-
trnF) FAZIE R 4L 1TS i Bebladt | o ff b 15U 50 X8 T
BRAN R 8 AN 2HE, LA H 8 A X IO T 4
JEN DNA KIBS 7 Bl v BRdl &, A I A T
OYRER P | WERRSEE, DLW TSR ) TR A
B ARG 2 B R AR AR =K

1 HRSH®

1.1 SEIe##

ARHIFFE LIS THRFP T 8 43 28 BE 1) 32 #RA A
FMEHR ), AR R IR 2 BRAMATTR
L R, RO B AR RE R 1 R4S
T L TR, R TA T 8 3 2K
FEUEAR A IEAE L T AL BTl KAz B
1.2 DNARE, R&BE# RN (PCR) &llF

R 0.2 g TR Fr, SR A
20 DNA /NHRBGA ] A1 ( Plant Genomic DNA Kit)
FEPILH AL DNA, SRR IE R 41 | Bt psbA-trnH |
rbcL, mat<., rpH6. trnL-trnF F14% rDNA ITS K
Bty PCR ¥ 1% 14 7€ Labnet MultiGene™ 96-well
Gradient Thermal Cycler |52, PCR ik ZR N
20 ub, FZEfE 10~30 ng DNA #f ., 50 mmol/ L
Tris-HCI, 1.5 mmol/L MgCl,, 1 mmol/L dNTPs,
IER 51945 0.3 uL(#2) . 0.2 U Tag DNA R4 il
(HURMTER AR AE, H15), PCR T
Jp. 94CTIZAE M 3 min; 94°C7AE 4k 30 s, 52°C ~
58°CiRk 30 s, 72°CIEMH 60 s, 3L 30 MEH; fix
J&i 72°CHEAH 10 min, PCR ¥ 3 7= ) 4 1% B ik b
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Table 1 Origins of Acer palmatum material
SRt Taxon SKAEHD L Locality FEA 45 Code
S I X TR, I-iJZ 111 Chenshan, Shanghai J2_1
Acer palmatum var. dissectum TTFHIEE L Qixiashan, Jiangsu JSNJxxs_06_001
VL7744 11 Zijinshan, Jiangsu m002b
ifgJR 1 Chenshan, Shanghai i003c
1114 %% Taian, Shandong no0Ti

ESARCYIIN
A. palmatum f. atropurpureum

R TR (S AS )

A. palmatum subsp. palmatum

YLIRE 1L Qixiashan, Jiangsu
VL7544 11 Zijinshan, Jiangsu
YL RN Xuzhou, Jiangsu

YLPE 1 Lushan, Jiangxi
WLV Xihu, Zhejiang

JUPE %5 Xingning, Guangxi
JPET 55 L Qingxiushan, Guangxi

WAL Moshan, Hubei
i = L Baiyunshan, Henan
VLFIES LI Qixiashan, Jiangsu
YL 4 1l Zijinshan, Jiangsu
YLPE M1 Lushan, Jiangxi
BePits % Yangling, Shanxi
WL PE i Xihu, Zhejiang

JSNJxxs_03_001
JSNJzwy_01_019
JSXZzwy_01_035
JXLS_06_002
ZJHZxh_03_001
[010a

k005a

HBWHzwy_04_001
HNbys_04_002
JSNJUxxs_01_012
JSNJzwy_02_016
JXLS_05_001
SXXYnwafu_02_009
ZJHZzwy_07_002

Jb5iF 11 Xiangshan, Beijing b015

iR 1 Chenshan, Shanghai i003e

Wdt+12 Shiyan, Hubei y002
7INKE TR, _b¥# =1 Chenshan, Shanghai i003a
A. palmatum var. thunbergii JTPE 24T Xingning, Guangxi 1010b
AR AP YV iR 1 Chenshan, Shanghai x002p
A. palmatum ‘ Beni Kagami’ b JR1l Chenshan, Shanghai x002j
PP Y TR, iz 1 Chenshan, Shanghai J5_1
A. palmatum *Shojo’ =1l Chenshan, Shanghai J13_1
AP LI )1l Chenshan, Shanghai J22_1
A. palmatum * Seiryu’ =1 Chenshan, Shanghai x0020
CYRLT AN XS T Y11 7% B Maoxian, Sichuan u002
A. palmatum ‘ Ornatum’ 11 Z:#%% Taian, Shandong n001b

*k2 FAPCRyMERAREMNSIWER
Table 2 Primer pairs used for PCR amplification and sequencing of DNA regions

FRH R B S51¥F51(5° - 3") FE/E 3
DNA regions Primer sequences Reference
HnL-trnE trnL. CGAAATCGGTAGACGCTACG Taberlet et al.%?!

trnF; ATTTGAACTGGTGACACGAG Taberlet et al.[3?)
oH6 F. GCTATGCTTAGTGTGTGACTCGTTG Jordan et al.l%)

[ R: CTTCCTCTATGTTGTTTACG Asmussen '3

SbA-trnH psbA; GTTATGCATGAACGTAATGCTC Sang et al.[®®]

P trnH. CGCGCATGGTGGATTCACAATCC Tate et al.1%0!

bl 1F. ATGTCACCACAAACAGAAAC Fay et al.[%")
724R. TCGCATGTACCTGCAGTAGC Olmstead et al.' %!

matk 3F_KIM; CGTACAGTACTTTTGTGTTTACGAG Hilu et al.[%]
1R_KIM; ACCCAGTCCATCTGGAAATCTTGGTTC Hilu et al.[®

ITS ITS5: GGAAGGAGAAGTCGTAACAAGG Baum et al.[%]

ITS4. TCCTCCGCTTATTGATATGC Baum et al. 1%
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BERC VKA S, kAR A T A TR A R
A FIFTE ABIS730XL 5t 15 73 B _EdEATI |
1.3 #ESHR

FIFH Bioedit 7. 1. 11 B0 4545 1 B H 40 R Be
FEH AT R B BRI LA RS IR i DNAsp
5.10.01 HAF0 5% 24P 81 HEA 746 A SR (indels)
PR AR IR 2 25 (SNPs) 4 it B4 F THFIE
Jares S 40 B S8 3T 914 28 & GenBank,
HB 5 KT160029 ~KT160168, #f 5 >4k A
FERIH BB (ron6 . psbA-trnH | trnL-trnF | rbel .
matk) FIRZSE AL ITS R By LAl | P LA &
ZHEA A (63 Fl0) M EH R, IF LUHCRPEAS 76 5o gk
R R Brak Z 3L 41 BrAL A 1 L DNA %08
FiEh T p B X TCA b R 40 R E B 25 i e 1. AT
MEGA 6.0 8/ Xf 5 A~ i3 R 41 | BE A%
FLIN 4 ITS K Bt Kimura-2-parameter distance
(K2P) it iE g b ATt ot , I A LA 2
AR AL R Brdl & 1Y 48 #: B ( neighbor-joining
tree); iz WA [F] 19 J7 ¥, HI plant working
group I & 1% (PWG-distance ) fl NJ £ 4t B 2 #)
% (Tree-Building) , & K 2 1 Bt 19 %8 2 6g 71 i
TTPPAL . AW SR A B B A ) T A Al A AT
PWG BEE§ 1L (R T35 54> W A i) st A% BE 5 ) A
by, 2SI /)N 8 A R RS R T R Y SR R s A% B R
B, J7 Al SR B A A E L2 T A Tree-Buil-
ding LTS, HA Rl —AN B AS A A AR
PR NJ RG240 307 ATIA R 43 25

2 #HER59H

ZFEFBRBEWFIER
Xt 5 gtk DNA R BERIAZ LR 4] ITS A B

2.1

FIEE | ARS8 A A BRI B 1 40 B 4 2R
(%£3) B, & DNA R B iyl i it 21 R 34 4
100%; M2k{k DNA F B Kl 3754 bp, %3
K TS A Beh 694 bp, 1E 5 N4k Bo,
matK J¥ 5 1 A8 S e £, b 61 A~ (54 A
SNPs, 7 4~indels), I BB K B 7.48%;
trnL-trnF ¢ 31 A S50 558 49 4~ (40 4~ SNPs, 9
A~indels), A BB Y 5.46%; psbA-trnH
¥ 1 A8 S A 15N 40 4~ (33 4~ SNPs, 7 4~ in-
dels), HH A B EKEN 8.87%; rph6 J¥5 AL
SEALEN 17 4S(11 4 SNPs, 6 /> indels), SH A
MK 1.81%; rbcl FAI 7S A7 s de b, A
6 (41 SNPs, 24~ indels) ., #% rDNA ITS H B
AR S 5 R 61 45(51 4 SNPs, 104~ indels) .
2.2 BAE%ZA DNA FERHIS R

K PWG-distance #i1 Tree-Building M Fh 72
LA T B4 DNA BRI Z A~ DNA R B2 4 %5391
AT 8 R HER (K1), g5 R ER, 3
2R DNA F B trnl-trnF | psbA-trnH . rol16 .
rbcl, matK 1953 B 353 5k 25% . 12.5% ., 0%,
0%, 0%, BILHA ITS K By o PR N 12, 5%,
FEN 21K DNA R Bt ARG & o0, 2 R B
A% T 0% ~37.5%, FHorb A1y 5T i 1k
YY) TAELHESE D) matK + rbel 414 145 3 %
H0%; 3NHBUHAMIHERK 0% ~62.5%,
Hip o6 + psbA-trnH + trnl-trnF 2404 B3 HE%
W (62.5%), AESEEh 8 NardsHEh 5 14 4
SN BHE IR R 12.5% ~62.5%, &
WZH A R BN, B XS TR T 8 N3/t
OYHERIA PR, TEN SRR DNA BB 534
ITS I BB GAHEA& Fr Besrbreh, r A i Bedd
BRI PR T 12.5% ~50% ZIH], 5 HHXT R ) 5

®3 BATHRMEHEMDNAREKE, RS, SPRMBEHER

Table 3 Sequence length, variation sites of each DNA region, discrimination rate and genetic distance for DNA barcoding

AR SR,

BEHHE B WX SNPs 7 g8 A B EL

PWG 0B NI IRP B Sh2Siiinlst g JhdSmioist (g -

DNA Aligned No. of No. of  No. of variation Discrimination Discrimination Inter-taxon Intra-taxon
regions length(bp) SNPs indels sites rate of PWG rate of NJ distance distance
trnL-trnF 897 40 9 49 (5.46%) 25% 25% 0~0.0298 0~0.0298
roh6 935 1 6 17 (1.81%) 0% 0% 0~0.0189 0~0.0125
psbA-trnH 451 33 7 40 (8.87%) 12.5% 12.5% 0~0.0785 0~0.0690
rbclL 655 4 2 6 (0.01%) 0% 0% 0~0.0061 0~0.0046
matK 816 54 7 61 (7.48%) 0% 0% 0~0.0467 0~0.0400
ITS 694 51 10 61 (8.8%) 12.5% 12.5% 0~0.4169 0~0.3766

Note: PWG, Plant Working Group; NJ, Neighbor-joining. * mean K2P distance.
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Fig. 1 Taxon discrimination rate of all tested single- and multi-DNA regions in A. palmatum

A LRIA DNA 7 Begdl ettt oo HEsng
ﬁ‘FI‘%O

3 it
3.1 BAMEGDNA BERZERZAITS FE&

X336 A T 5 KB R 9 PR BRR
ARHWFFE A TSR DNA A Bt 1 TR Ah
TR BERBAR (0% ~25% ) , Hh ) iz
HEZE(H ) psbA-trnH Fr Bt 12141420 5y /3 e s A7
A 12.5% (Bl 1) 3 BHHA TS Fr B A 58 48 iR
e, BN kS 5 B Bl M A R S
DNA A Bt'?" ) 4n ITS1 M1 ITS2 K Bt e K £ # Al
PSRN o S T RS B R S (B
SEDAL TS B B 38 TUBRP T 43 2B 16 4 R 1
H12.5%, {XCRESrHE /NG TR (& 2) , i X =
ROPFEFEIC o PEae J1 . FRATHED 4~ DNA &K E
B A JTCHR R T 43 25 0 40 B 32 AR Y D K] W) g
JEo (1) XY TR AR ) 1T Rl A7 16 38 0 M2 2%
2, FEOLHENS, WEILRE I AE, fiFR
— DNA F- Bowe DL 51, Skepner Fil Krane *! fiff
SRk, [AlJ@ T4 ( section Acer) By HEH (A.
nigrum) FUBERL ( A. saccharum) )iz L8, 2577
KR A Bl Pfosser™® ik, MR HE 4 Y
— N RERIEEYF AR ES, SFBCEAKR
ISR, PR AE H AR B AR G 2 A b X

JERBLRET, (2) X T AR 42, JUH LU

F I A OA A B XS T, T REZE Dy TP
BOR, B IAPR 3 2ERE I 2 8 I [A] BB K
A5 (3) LRI XGRS A BE
X TR (B AR R ) 578X TORR ) 2 AU 285 1 R AR
AL, HwRl ol 2 SARFEZAERN; (4) s
VI R P2 58 45 R W, XS TCROCh 8 5 43
bt B W Tl (R A REAIE ) iR AR ) 1 Ak AR
P B AT IE W 3 20 66.5 Ma [, HI ¥R & 15
TRARAMARET ], AN 58 4 1) 3 & 0 328 1T 58-S B0Rh
TR 22 5 KF-, DT BELAS 1 X A Ah
TR SE

g5 Loy b, BRCR H 4R DNA R B sl #%
FEH A TS R Bt a8 N A & 43 e R AT 25
BIAAAE — 8 1 IR XE
3.2 %4 DNA R A BEBIRE X G TUHEF K
DERBENSPE
3.2.1 A MMEREFERAREASR

TEH— DNA R BOWHEY) 488 1 HE Ik
IEOL T, RIHZ R Bl G232 T BB A L
Migte, AR5 242tk DNA F B (2 4~ 3
ANE 4 A LGRS TR T 3 28R 0 B3 (0% ~
62.5%) i T-H4~ cpDNA FBt, HH rpl6 + psbA-
trnH + trnl-trF 46 (K 3) 5 rbcl + rpl6 + psbA-
trnH + trnl-trnF 216 1 BRI 3K 62.5%, A&
55 R coDNA Fr B, psbA-trnH ] b X &
AL R A PR AR I B X 22—, HR Bk
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palmatum f. a
palmatum var.
palmatum var.
palmatum var.
palmatum var.
palmatum var.
palmatum f. a
palmatum f. a
palmatum ‘B

[A. palmatum f. atropurpureum (1 individual)
A. palmatum subsp. palmatum (1 individual)

tropurpureum (1 individual)
. dissectum (1 individual)
. dissectum (1 individual)
. dissectum (1 individual)
. dissectum (1 individual)
. dissectum (1 individual)
tropurpureum (1 individual)
tropurpureum (1 individual)
eni_Kagami’ (1 individual)

palmatum ‘Ornatum’ (1 individual)
palmatum ‘Ornatum’ (1 individual)

F A. palmatum f. atropurpureum (1 individual)

A. palmatum f. atropurpureum (1 individual)

{A. palmatum subsp. palmatum (1 individual)
A. palmatum ‘Beni_Kagami’ (1 individual)
— A. palmatum subsp. palmatum (1 individual)
.I A. palmatum f. atropurpureum (1 individual)
IIA. palmatum ‘Shojo” (1 individual)
A. palmatum ‘Shojo’ (1 individual)
— A. palmatum subsp. palmatum (1 individual)

A. palmatum subsp. palmatum (2 individuals)

L

] @ A. palmatum var. thunbergii (2 individuals)

A. palmatum subsp. palmatum (1 individual)
A. palmatum subsp. palmatum (1 individual)
A. palmatum ‘Seiryu’ (1 individual)

A. palmatum subsp. palmatum (1 individual)
_|_|—
0.02

A. palmatum ‘Seiryu’ (1 individual)
AR Tree-building TriEslR B E R M KRE, T IH,
Taxa with solid rhombi were successfully delimited using the tree-building method. Same below.

2 ETERERAITS FRMZHNGIUEM TOEEN N RERER

Fig. 2 Neighbor-joining phylogenetic tree of Acer palmatum based on internal transcribed spacer region

]

—
0.001

B 3 ETF rph6 + psbA-trnH + trL-trF FEASHMZBIUREM T2 X N REREN

A. palmatum f. atropurpureum (1 individual)

A. palmatum subsp. palmatum (1 individual)

A. palmatum subsp. palmatum (1 individual)
A. palmatum ‘Seiryu’ (1 individual)

A. palmatum f. atropurpureum (3 individuals)

A. palmatum subsp. palmatum (1 individual)

A. palmatum subsp. palmatum (1 individual)
A. palmatum f. atropurpureum (1 individual)

A. palmatum subsp. palmatum (1 individual)

A. palmatum subsp. palmatum (1 individual)

@ A. palmatum ‘Shojo’ (2 individuals)

]0 A. palmatum ‘Ornatum’ (2 individuals)
@ A. palmatum var. dissectum (5 individuals)

—A. palmatum ‘Seiryu’ (1 individual)
]0 A. palmatum var. thunbergii (2 individuals)

A. palmatum subsp. palmatum (1 individual)
A. palmatum subsp. palmatum (1 individual)

A. palmatum subsp. palmatum (2 individuals)
A. palmatum f. atropurpureum (2 individuals)

]0 A. palmatum ‘Beni_Kagami’ (2 individuals)

A. palmatum subsp. palmatum (1 individual)

Fig. 3 Neighbor-joining phylogenetic tree of Acer palmatum based on combination of rp/16, psbA-trnH and trnL-trnF DNA regions
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JEf i (451 bp), (A8 5 5 R B (8.87%)
trnL-trnF AR 07 S B0 %2, FE B4 DNA FBERY
SRR (£ 3), REBRITMEERET;
rpN6 R BEAE fy i B a8t 4% B 5% B H T DNA K
B HIAE Y TR T 20 R 28 1 P AU —
rbcl BY7AE S0 15 7T e BAFAE TR LA B 1 43 25
Ha 1A A R TR T 43 28 B 56 P AR S A7
RN 0.01%, K5 444k DNA HBLf A7
LA SR, X XS TR T 20 288 10 20 B R AN
37.5%({% T 3 4t 4 4> cpDNA F B 3 43 40
), XATRESEAGE R A 5 SRk L N4
Bo, Aot A R Aets H P91 o G0 7 s
BB, SEEE R BB IME % e BE
TRERBLG  sgh B g e 5 R ek
BV SR g iR
3.2.2 MK DNA FEESZEEAITS /
BAE

1% 5 [R] 0 453 (A 5 DR 21 B OAS () i e A A
X, WIS R BRI AL | e R 3L N B Rkt
&, AT AL T2, v LGB R AN R i
s, FEAAEY e A, o R b SR R
AR SR 4 L i S R 5 DR A 2 45 O &2 A5 1

B Hurk 2 RN AR Bl A, R
ANERRAET SRR LN A Bl B IR G &
BHRE, 21T DNA SR80 5% 228 £ 10 7 vk
Z 28]

TERFE A R Bk £ b, ITS K— B2 3EH
R Bz — 1% R ka4 A B
YA ] I BT Bl 4 R 1205700 A A 5T
Hr, ZANN SR DNA R BC SRR 41 TS Fr Bedl
BRI PR N 12.5% ~50%, H:H o6 + psbA-
trnH + trnl-trnF + ITS (Kl 4) 5 rbcl + rpH6 +
psbA-trnH + trnL-trnF + TS 23 ¥ 31 50%, BfI
AR (DNA TS R BOF R/ BRI, 1TS K
BB AR R T KB h P AE RN |
FEVF ZAHY) R S R 2 B R
WK BN A BB 58 . WiB B A B 3G K
Mok, # rDNA ITS J BEnl figfy — & 19 )= BR 1
(ARIRLFH) DNA ZRIE e #5) , o o & H
13 T X TP T 7 SR 2 A% SR 4 B

A S A BE R A S 19 0 2 R T
Bk (SR AR R ) 5 52D R T (R FRZIN) o 31X 2 53
FERERT SIS N P o, g ] T RE AR P 25
UNEOE 7R SR 2 = G e 0B TR DIV BN e L )

A. palmatum f. atropurpureum (3 individuals)

A. palmatum subsp. palmatum (2 individuals)
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Fig. 4 Neighbor-joining phylogenetic tree of Acer palmatum based on combination of chloroplast
(rpn6, psbA-trnH and trnL-trnF) regions and nrDNA ITS
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