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HhE B E YK DNA £ R
BREW, BRE, AR, B A, FFTE, 05

(PUARBTIRAE W) S B A W HOR BRI L %, PR Rl 22 Bt , PZ2 710069)

# . H#)E ( Rehmannia) 3 % ZFk( Scrophulariaceae) 25 HIAEY, 2 4 THE AT LMK, HT
WH BRI 0T T B AD, RECLE NIRRT S MR 22 R BUN, 18 SRR TE A4 3 2 5 ik Mk DL VER
YeE WA, JEARSRRHUR R K 1 DNA SIBEEAR TR | AR 5 3 AR 418 T 3 8 B . APPSR E 3 40t
23K DNA JEGi i X 5 B (trnl-trnF . troM-trnV F1 trnS-trnG) B 5 ITS B, 15 PWG-distance #il Tree-
Building Wi J5 Xt b B B 5 MRk 75 MATEFT T DNA 0B R0Hr, S5 EM . 44k DNA B BEEiR
FEIN TS Fr BT 3 R b (0 5 B R BR (0% ~20% ), £HA IS4 DNA A BEr JEBE f1 Bk e T 24~ DNA R
B, EIEARRER R 5 DM X AT, trnS-trnG +1TS F BEZH A WY/ PEEE T 1% 100%, REMSF b B8R 5 1
WIFETN X Y, 5T 444 DNA B BEFAZ LR (TS B BELA (trnL-trnF +trnM-trV + trnS-trnG +ITS) 13 5 %
A, HCHERE trnS-trnG +1TS 15 A MU B AR bR HESTERS . 1Ak, FIH DNA ZIERS S 4 Fp e, al R Ak
44K DNA F BORIZ DNA Fr B4l 6 10 ok B8 m i 4 2 1 LR

KR DNA 5B, Hidm; mhakik DNA; B3EH TS FB; kR
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DNA Barcoding of the Genus Rehmannia ( Scrophulariaceae)

CHENG Fang-Ting, LI Zhong-Hu, LIU Chun-Yan, YUAN Chao, LI Xue-Tong, LIU Zhan-Lin~

( Key Laboratory of Resource Biology and Biotechnology in Western China, Ministry of Education,
College of Life Sciences, Northwest University, Xi'an 710069, China)

Abstract. Rehmannia, a genus of Scrophulariaceae, is widely distributed in central, eastern
and northern China. However, it is relatively difficult to distinguish species by traditional
morphological methods due to rapid speciation of the genus. Recently developed DNA
barcoding provides a new approach to identify species quickly and accurately. In this study,
three candidate DNA noncoding regions ( trnL-trnF, trnM-trnV and trnS-trnG ) from the
chloroplast genome and internal transcribed spacer (ITS) region from the nuclear genome
were evaluated among 75 individuals of five species of Rehmannia, and identification efficiency
was assessed using PWG-distance and Tree-Building methods. Results indicated that the five
Rehmannia species could not be accurately distinguished by single or the combination of
chloroplast DNA fragments with low species discrimination rates (0% -20%), but could by
the combination of chloroplasts and nuclear DNA regions ( trnS-trnG +1TS) with 100%
discrimination rates. Thus, trnS-trnG +1TS can be considered as a potential barcode for
species identification in Rehmannia. The combination of chloroplasts and nuclear fragments
can be widely adopted for the discrimination of plant species when a single DNA barcode fails.
Key words: DNA barcoding; Rehmannia; Chloroplast DNA; nrDNA ITS; Discrimination rate
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Hh ¥ J& ( Rehmannia Libosch. ex Fisch. et
Mey.) J& % 2 #} ( Scrophulariaceae ) Z4F 4 HA
Y, VAT E ARSI (P EMEYE)
CE M R A 6 A, AL FE K H HL B (R chingii
Li.) . 240 ¥E ( R. piasezkii Maxim.) | =i EE( R.
elata N. E. Brown) . i Jt s %5 ( R. henryi N. E.
Brown) . #ilHbTE ( R. solanifolia Tsoonget Chin) ,
A IR 2 0 1% 8 25 8 8 [ R glutinosa
(Gaetn.) Libosch. ex Fisch. et Mey. ], {HIT4Ek
D e SN =23 55 D W& e 11 13 I R AN =B N o
Zdut- b B AR AIPRRARRL 2 B A HLast 2
WA T3, WEShE R KIRIOK,
AN [R) 25 0 b 0 Ja AL ) A0 T 90 22 i i T b e Y 24
PR Ao S b AP B AR R R R B R RE
Jrmm Y s AR R Albach 45N R A SRR
DNA J Bl nrDNA TS 75 W4 1 #h 2 )8 6 1~
P RGLB KRR, IS GHEDY | TBEMR:
KA AR X AP R DG R AT TS, A hiZE
VIR R ERE A, M EAEY ISR,
H AR X Ta] (4 A e AP B S IR 22 F 800,
DAL 2 i o 252 BRI AL, SR H X i s A
Pyha] ¢ R R 3 AR BR THE SERIE S22 0 205
2, it SAEMIERS . (A A ROEASE, B
Mg R R FROE RS E R S, K H AL
MBS, AL R R R M ORI, T B A
N A - B B N & B Ly L 7 20
Pl Bz P9 I 20 B AR b 5 2 Ml EE R R b B
P AN, Tl — M A K ) e A Ak
WA WARKZESR, NEH-Hh B it e B 2
B PR A . B M5 K H M r it e s
AR, BCEAE TS R AR ME DL X AN, PRt
KPR R R R, A UBZAE ) DNA &IE
TR AT b B b A T VA X 3 IS R o Ml
e g 2o, Mg N e Y Fhis 2
A VAR R 2 S B (S, o 1 S T
YIRS T i SRR B R G L B R DL IR
FE AR BA B2 X,

IAEAR, DNA I8 K (DNA barcoding)
{14) 5 J& g i T b, 6 T DA ) b ) Rl 3 R AL TR
(T H, 2003 4 Hebert 2517 1E 30 Hi K DNA 4%

AL T 2ese st BIAH —4aZ 4 DNA
BT R ORI 2 . SRS K A
HISSEREAN[F], DNA I 655 AR SR 3 T4 Fp 3 [
R 2E 5, AR SR B R, Bk
THEGYE TR Z 0 ba, B %0 45 R |
EE M ol bR AR ek
ZARPE A R B ) iSRRI R BRI
Bk RIPRIX (internal transcribed spacers, ITS) 1k
R SEFE YRR DNA ZIE5 T 2009 4F A i
S 1 BB A W) T /E 41 (CBOL Plant Working
Group) #2114 rbcL+matK 7 BL 204 1E h il A 4
%O R TE 0, I @ PO i SR L R psbA-trnH
FBORMAZFE R TS I Bk b #h 52 19 DNA & F
fig 12180 2011 4 ALY A TE S 5T A1 BA ( China
Plant BOL Group ) i i %F K & 088 14 25 & 70 ¥,
FEHPEE nrDNA ITS/1TS2 44 A EI| Fl 48 ) 1 %0 4%
2 L

R T R R A b A ) A SRR M A
EAh, HATHESE T B w7 ey 3 A ik
DNA £&IE45 B ( psbA-trnH . matK ., rbcl) | #%
FEH TS R Bl Bt Ab s iy 3 M i A
DNA F B (trnL-trnF | trnM-trnV #1 trnS-trnG) , 3
P EATFE LT B ALY 5 A FR 75 AR R AY
FHE B S iae 1y, sk thid 5z m
Fi %7 1) DNA 50805 7 Brall i Bedil i, DA
HRYIFP P | RS SRR AR

1 RSH®

1.1 SEI#sl

Ve 5 )& ( Rehmannia) 54 5 ™M1k 13 4~
JEFE 75 DARVE B TE AR (K 1), AR
T B A, RAE 13 AN H JE A B AL SRR
At Fr, SRR PG TS TSI =R A
F . T ] b 36 S A A P A b A ST A T e bR
SRR B
1.2 ZWHE
1.2.1 DNAREX, PCR ¥ &K illFF

HR P K 2 DNA /N 42 BiGa 3] £ ( Plant
Genomic DNA kit) 5t B 45 2 4F 25 B8 35 BURE & (24
20 mg T4 ) &L DNA, &3 R B PCR 3™
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Table 1 Origin of Rehmannia material

Y JE B AMEEL 7 % TR (m)

Species Populations Individual No. Longitude Latitude Altitude
1175 K[ Datong, Shanxi( DT) 5 113.0 40.1 1098
Hilt42f5 Chongxin, Gansu(CC) 5 107.0 35.2 1215
W R. glutinosa 117G 34 Changzhi, Shanxi(CZ) 5 113.0 36.1 929
PUJikgE T Aikou, Sichuan( AK) 5 107.5 31.5 787
114284 Taian, Shandong(TA) 5 1171 36.2 203
i R. solanifolia KO Chengkou, Chongging(CK) 10 108.1 31.7 950
LRGE Jixi, Anhui( AH) 5 118.5 30.1 222
KHHE R. chingii GRER Tangxi, Anhui( TX) 5 117.6 30.4 86
WITLERZK Lishui, Zhejiang(LS) 5 120.0 28.4 195
W% R. henryi WHLEE Yichang, Hubei (YC) 10 110.6 31.3 299
VG J5 M Houliu, Shanxi( HL) 5 108.2 32.9 383
S H R. piasezkii WAL Baokang, Hubei( BK) 5 111.5 31.9 251
WdEAT 1L Zhushan, Hubei( ZS) 5 110.2 321 495

Hi7E PTC-100PCR Y 58 B, MR ZR K 20 pL,
17 20 ~30 ng A DNA . 40 mmol/L Tris-HCL
(pH 8.3). 6 mmol/L MgCl,, 1 mmol/L dNTPs,
0. 3uL WIERY W51 (% 2). 0.3 U Tag DNA
RATW, PCR P 48 54 28 B e M 5 e v kR I /s
EAE A T AR N BRI ABI3130xI it {5 7 BT X
HEATIT
1.2.2 HiELE

K %A Bioedit 7. 0. 9.1/ Fil MEGA 5.0
XF LR S A7 N T AS XS, 34 A DnaSP 5.0
Giit SR BE Y indels (Fi A BE k25 i 5L ) Fi A
MR Z AP (SNPs) . ¥ 4 4~ DNA R B (trnL-
trnF . trnM-trnV | trnS-trnG Az LA TS ) B4
AR 3 NS R DNA A B i 2 4 5 4 3 4
B EEIERE M4k DNA HBES#3EH 1TS A
B G AR, SR PPAL B A R Bral B A R B
A1) DNA FRIEAS X b 5 & Y R 0 B RE . F1
8 MEGA 5. 0"' %} 4 4~ DNA FBeffpy . Fhinl
) Kimura-2-parameter 5t 4% 5 2 170 Br, I8
HEAFE B B R BEAL A AR RERT (NJ) 5 TA]
B P AR A [E] 9 7 i, B PWG (Plant Working
Group) B8 312 Fi A adt NJ & 48 B2 ( Tree-
Building) ¥, X 1 3 J& 9 Fh (9 % ) 01 7 LU PEA
A i SR B A ) TAE A HERE i PWG FE S
2 (BT S A P R AL B B ) I, A

(i) /N ) 3542 B 5 DR o A e R A% L B I A3
P % 5 W Dy, i Rl A Tree-Building 77 i i,

6] — DR A AR TER HE 1 N R
TR ZR 5 S AN R Y Fp T

2 HREHSH

2.1 EREREFT
T [ bR TR AR (CBOL ) A4 TAE4
Fre U Y 3 A s AR SE R B Bt psbA-trnH |
matK | rbcl TEHLEJEAEY) 5 AW Fh b 1 B vy M
AR BN ASHE S8 R 3 A5 3k i S 44
DNA F Bt (trnL-trnF | traM-trnV | trnS-trnG ) K #%
%I ITS K Boxt Hag J@ A 13 e 75 Akt
1717 PCR Y3 & H A HLIK 3 %Eﬁ{ﬂ'ﬁ(ﬁi%?iﬁ
jy 100%), 3815 225 4K DNA 751
MEFER TS P, XHvHESE (% 3), 3 /\ﬂiré%
& DNA J By Fe 91 K B9 il 739 ~806 bp, H:
1 trnl-trnF FBOF S B 806 bp,  trM-trnV
R B 756 bp, trnS-trnG R Bt 739 bp; ITS K Bt
598 bp, 4 > DNA ZKIEMIEH K BeHr, trnS-trnG
A S e %, 3 37 A~ (L4 13 4~ SNPs, 24
A~indels), M HFF K ER 5. 01%; H kK&
troL-trnF, 3£ 13 MEFA A5 (9 4 SNPs, 4 4~ in-
dels), ZZFE N 1.61%; FHIKZE trnM-trnV, 3t
16 NAE A (12 4~ SNPs, 4 4~ indels), HHE
FPA K BE N 2.12% 5 A8 St i de 0 (R S i 3 A
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Table 2 Primer pairs used for PCR amplification and sequencing for DNA barcoding
FEH A B ElE72]] P
Gene Amplification region Primers sequence (5'-3") Reference

F: TCCTCCGCTTATTGATATGC

Taberlet et al. ®!

trl-trF R: ATTTGAACTGGTGACACGAG Taberlet et al.| s’
M-tV trnM . TACCTACTATTGGATTTGAACC Cheng et al.l'®
trnV; GCTATACGGGCTCGAACC Cheng et al.l"®!
nS-tmG trnS. AACGGATTAGCAATCCGACGCTTTA Dong et al.l'7]
G CTTTTACCACTAAACTATACCCGC Dong et al.l'"}
SbA-tr psbA. GTTATGCATGAACGTAATGCTC Sang et al.l'®]
p trnH. CGCGCATGGTGGATTCACAATC Tate et al.l®
maik F. ACCCAGTCCATCTGGAAATCTTGGTTC Hilu et af.[20]
R. CGTACAGTACTTTTGTGTTTACGAG Hilu et a/.[?%!
rbol. F. ATGTCACCACAAACGGAGAC Ivanova et al.l?"
R. GCAGCTAATTCAGGACTCC Ivanova et al.[2"]
s ITS4. TGTGACGATGCCCGAGAAGA Modified from White et al.[22]

ITS5: TCGAAACCTGCAAAGCAGACC

Modified from White et al.??!

®3 ATEEESEMDNA FEKE MFRINEMERUAER
Table 3 Sequence length, sequencing success rate and variation site of each DNA region

750 H X PCR ¥ 3 3% W Tl - . " 7 SN
2P Al 23 . g . . ﬁ’k ) &5
K[—Uﬂf’f‘ Aligned sequence  PCR amplification Sequencing SNPs fiL 8 ﬁ/\yﬁkim%ﬁ No. and percentage
Gene region o o No. of SNPs No. of indels ! X
length (bp) success rate (%) success rate (%) of variable sites
trnL-trnF 806 100 100 9 4 13 (1.61%)
trnM-trnV 756 100 100 12 4 16 (2.12%)
trnS-trnG 739 100 100 13 24 37 (5.01%)
ITS 598 100 100 6 19 25 (4.18%)
ITS HAEQ y :/H\: 25 /l\gﬁ'fj)‘]—f"\ ( 6 /I\ SNPs y 19 /I\ in- 100 1 ® Tree-Building

dels), AF5F% N 4. 48%,
2.2 44 DNA RERWT S PR

X Fl PWG-distance £ Tree-Building ¥ 5
PO T AN FE N B S AN [R5 %60 1l S AL )
5 AR SN, E A AT, 3 AP aR iR A B
trnS-trnG | trnl-trnF . traM-trnV 1943 3% R 55 511N
0%, 20%., 20%; %K ITS F By 4r BE %
20%; FEM-ZR{K DNA F B ARFA A a8rd,
W 2 b2 3 i BL A X b B g 5 SR Y
HERAR R 20%, BS54~ DNA F Bt 43 9FRE 71 A
M MTFEREER TS A Bt 4Kk DNA R B4l &
M 5rHTeh, WA o R T A B
& DNA F Bt 4, w0 trnl-trnF +1TS ., trnL-trnF +
trnM-trnV +ITS B Fh 23 BE R h 60%; 44 trnS-
trnG +ITS B ¥l 73 B3R ik 100%, ALK Ml 3 )
5 M X oIt

0 PWG-distance

80

60

Bl o> e (%)
Species discrimination rate

LM LS MS LMS LI MI SI LMI LSI MSI LMSI
FLANDNA T B A 4145
Single- and multi-DNA regions

L, trnL-trnF; M, traM-trnV; S, trnS-trnG; |, ITS; LM,
trnL-trnF + troM-trmV 5 LS, trnL-trnF + trnS-trnG; MS,  trnM-
trnV + trnS-trnG; LMS,  trnL-trnF + trnM-trnV + trnS-trnG; LI,
trnL-trnF + ITS; MI, trnM-trnV + ITS; SI, trnS-trnG + ITS;
LMI, trnL-trnF + trnM-trnV +1TS; LSI, trnL-trnF + trnS-trnG +
ITS; MSI, trnM-trnV +trnS-trnG +1TS; LMSI,  trnL-trnF +trnM-
trnV +trnS-trnG +ITS.

L M S |

1 B4 DNA FREEARERHAX ME
B 5 M FE o PR
Fig. 1 Species discrimination rate of all tested

single- and multi-DNA regions in Rehmannia
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3 g

3.1 HANMEEK DNA FER#ZERE DNA H B X
HhEE WS EBR

— e, eI N A R g,
HELH R B e M R AE LRR, P4l
B AR EXn A BEA A (2 AE 3 A SR
DNA R B4 &) A RRIE— L4 SRl o e, A
WFFE 25 Al B A 2 f& DNA R Bt S H AN R 41
BT b B R PP ) 3 BER AR (0% ~20%) , Hir
34tk DNA F BE4H & (trnl-trnF +trnM-trnV +
trnS-trnG) I fi i 43 HER AU 20% (18 1), it
1 DNA ZTE A5 5% b v 40 26 ) 3R 35 A1 g Dt PRI
AEE. B, MEE TSR 2 6] 1T BB A 7E 2% 58 W
B, REA RIS DNA 00 R B4
B HE, BRSO (R, glutinosa) F i
M3 ( R. solanifolia) A8 ZAFIRY | 20t pb B
(R. piasezkii) FMIL {35 ( R. henryi) 238 1l fig
Z 5 ¥ (R. glutinosa) 57 #1#% ( R. solanifo-
lia) () FpIE 27, DA e i % g 4% 9 o 22 T 7Y
DNA 75 5 A RRASR , AL 3 ~i4ik DNA F B
HEM NI RERBERAWBR (K 2), (R
glutinosa) , iM% ( R. piasezkii) . W1t Hb BE
(R. henryi) Kt ( R. solanifolia) 1£ 2 Gi it
URZIY AT 32, Y Fp 22 e LLB A 4 B, 3L
UK, HECE KLY 4 0T T D R, EOR R A
FaBS Rl B TR RSB AR 5 Wi Z (XL
Sy, WNHLET (R, glutinosa) R #iEE ( R. solani-
folia) . X o5 PR A5 R H it Sk AR BE X (rbel, rps2.,
rps16., trnl-trnF) B S SAZFE N TS F Bk
GO B R R L ERREN, At
B IR AP S TE RS Y, S A R R —
M OARBFE R B, i LB (R, solanifolia)
5% (R. glutinosa) MALTE SR LT, IR
MR FUABAE M 560 RY T, JiiE 2 e
M fEAMI, EERRMEDE M BRI =
BRI, HHAMXES, B0 et
ARG, FhiE) gL 25 S AEw /N, AE dE LB b
PIE R AR (B 2)

I TS HAT BRI 28748 R, ARASHE (it o
IR R E R, Bl R A A% O

FICRS Y HARFIE R AL A TS R BT Hh o
J& 5 YR S BERAUAH 20% (1B 3), BIBR A
Thi¥ et i (R, piasezkii) Ak, Hihx 4 kb
FRANBERE LD A 3t . XAV H B TE P A R 3 mT e
FIEANGHEZAL, B0 W T XY RS2SR
e SRR A T R S 22 A M AR B ol ]
e

g5 oA, MR B A AR R A M st A
ghERE B 2R R DNA FBEsl 3L 4 ITS |
BOWZ B AP A 7T 58 08 PIAEAE—E TR
3.2 MRk DNA FEEFniZE E DNA FER A& &
BiIRS it EEYMA LR =

% FE R R S (A R LA AN ] st A, B
KL & WLt A, 17T I 2 44 I D] Sy B 2 5t % A8
2, TR ST 53 A rh A8 33X 7 b AN [m] i) 35 1% T
X, FATATLLBER B AS R By e oy s, el n
URXTHE A AR ) T, B AT 2 R R B
WE, RHBEAFERLE SOREM RN F B A6
ARG LB IEIETT DNA RIE S % 2208
2RIk —2%

P R AT S, USRS BB 2
& DNA ZIB05 7 Be 5% 3L ] ITS F B AR X B
Wy, AT R Albach 5 HE TR AL
ITS FBeFint- 2k DNA R Bery sy Brafi R R W], b
BB YT RES IR — DR 3 S H A Bs 1 3y
oy Ho, BRI H R RSO R BGE, HE
LB a0 o3 A A 1S BIAR P SR, ik
WATEAZEER TS Fr Bt ¢4k DNA 7 Btd1 647
Mri 5 =iz m e 4o 2%, 25 R R —
DAL IR DNA 7 B 53K TS F B4l
Gortriem XM E B YA R SR (E 1), X
5T A K ( Alnus cremastogyne Burk.) " Fil
% 2% ( Holcoglossum quasipinifolium) "*2' DNA £&
e sE 45 R — 8 At ak DNA F Bi 5
FE TS BB &, trnS-trnG +ITS 14 F#h 4
PERE S B UF (100%) , A4 5 AW Fh e 41X 4y (1K
1, Bl 4); HTHRRFBEAHE tmS-trnG +I1TS A Y5
=AY A (trnl-trF + traM-trnV + trnS-trnG) . U
ZASH A (trnl-trnF +trnM-trnV +trnS-trnG +1TS) 45
[F] 9 40 ot S 301 %2 A BF SR K DNA | e &
trnS-trnG +ITS A 2y Hhy ¥5 J A 40 46 78 AR IE SR A5
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. glutinosa (DT, 3 individuals)

Hﬁ

61 . glutinosa (DT, 1 individual)

. glutinosa (TA, 1 individual)
. glutinosa (TA, 2 individuals)

. glutinosa (AK, 5 individuals)

. glutinosa (DT, 1 individual)

. glutinosa (CC, 5 individuals)

(
(
(
(
. glutinosa (TA, 1 individual)
(
(
(
. glutinosa (CZ, 5 individuals)
(

. glutinosa (TA, 1 individual)

95 . piasezkii (HL, 4 individuals)

i

. piasezkii (HL, 1 individual)

70 . piasezkii (BK, 3 individuals)

piasezkii (ZS, 3 individuals)

(

(

(

. piasezkii (ZS, 1 individual)

(

. piasezkii (ZS, 1 individual)
(

. piasezkii (BK, 1 individual)

HT

. piasezkii (BK, 1 individual)

. solanifolia (CK, 10 individuals)

. henryi (YC, 4 individuals)

. henryi (YC, 5 individuals)

. henryi (YC, 1 individuals)

. chingii (LS, 1 individual)

. chingii (LS, 1 individual)

. chingii (LS, 1 individual)

. chingii (LS, 2 individuals)

. chingii (TX, 1 individual)

. chingii (TX, 2 individuals)

. chingii (TX, 2 individuals)

. chingii (AH, 1 individual)

. chingii (AH, 3 individuals)

. chingii (AH, 1 individual)

PR SRR R A B RS TR S, B, DT, WPEKR; TA, WWR%E2%; AK, TR, CC, Hilts(s; CZ, Wik,
HL, BEPEEMI; BK, #IJL0RRE; ZS, #idbrril; CK, ERID; YC, #IdLE & ; LS WK, TX, LHER; AH, ZREHE. T,
Capital letters in parentheses indicate population name abbreviation of Rehmannia. DT Datong, Shanxi; TA: Taian, Shandong; AK:

Aikou, Sichuan; CC. Chongxin, Gansu; CZ. Changzhi, Shanxi; HL: Houliu, Shanxi; BK. Baokang, Hubei; ZS. Zhushan, Hubei; CK.
Chengkou, Chongging; YC: Yichang, Hubei; LS Lishui, Zhejiang; TX: Tangxi, Anhui; AH. Jixi, Anhui. Same below.

2 BEFI3/MHEFEDNAFBRASHENHEREY NI RELEN

Fig. 2 Neighbor-joining phylogenetic tree of Rehmannia based on the combination of all three chloroplast DNA regions
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68
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g
Py

R. chingii (AH, 3 individuals)
99 R. chingii (YC, 10 individuals)
68 R. chingii (LS, 1 individual)
— R. chingii (LS, 4 individuals)
99 — R. glutinosa (all individuals)
L R solanifolia (CK, 10 individuals)
R. piasezkii (BK, 1 individual)
92 56 R. piasezkii (HL, 2 individuals)
58 { R. piasezkii (HL/ZS/BK, 8 individuals)
R. piasezkii (HL, 2 individuals)
R. piasezkii (BK, 1 individual)
R. piasezkii (BK, 2 individuals)

B 3 ETHERITS FREZRMEREN N REXER

Fig. 3 Neighbor-joining phylogenetic tree of Rehmannia based on the internal transcribed spacer region
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57

96

62 R. glutinosa (DT, 3 individuals)
ﬁE R. glutinosa (DT, 1 individual)
R. glutinosa (TA, 1 individual)

(

(

(

56 R. glutinosa (TA, 2 individuals)

— R. glutinosa (TA, 1 individual)
—— (

(

(

(

R. glutinosa (AK, 5 individuals)
R. glutinosa (CZ, 4 individuals)
R. glutinosa (CZ, 6 individuals)
R. glutinosa (DT, 1 individual)
R. glutinosa (TA, 1 individual)

65: R. solanifolia (CK, 5 individuals)
R. solanifolia (CK, 5 individuals)

r 91 R. piasezkii (HL, 2 individuals)
J‘E R. piasezkii (HL, 1 individual)
R. piasezkii (HL, 2 individuals)
99 452|£—|: R. pl:asezku (BK, 2 ind?v?duals)
R. piasezkii (BK, 1 individual)
R. piasezkii (BK, 1 individual)
86 R. piasezkii (BK, 1 individual)
R. piasezkii (ZS, 1 individual)
R. piasezkii (ZS, 3 individuals)
R. piasezkii (ZS, 1 individual)
99 R. henryi (YC, 4 individuals)
99 |_|: R. henryi (YC, 2 individuals)
L R. henryi (YC, 4 individuals)
60 R. chingii (LS, 1 individual)
R. chingii (LS, 1 individual)
E R. chingii (LS, 1 individual)
96 R. chingii (LS, 1 individual)
R. chingii (LS, 1 individual)
R. chingii (TX, 1 individual)
3 R. chingii (TX, 2 individuals)
86 R. chingii (TX, 2 individuals)
61 65 R. chingii (AH, 1 individual)
81 R. chingii (AH, 1 individual)
72 R. chingii (AH, 1 individual)
R. chingii (AH, 1 individual)
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Fig. 4 Neighbor-joining phylogenetic tree of Rehmannia based on the
combination of all three chloroplast regions and nrDNA ITS
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