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Comparison on DNA barcodes of nuclear and chloroplast gene fragments in
Rehmannia Libosch. ex Fisch. et Mey. (Rehmanniaceae)
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Abstract: Objective To compare the usage of single-copy nuclear genes (SCNGs), chloroplast gene fragments and internal transcribed
spacer (ITS) as DNA barcodes in plants of Rehimannia Libosch. ex Fisch. et Mey. and elucidate the interspecific relationships in the genus.
Methods Distance and tree-based methods were performed to analyze 12 SCNGs, six cpDNA regions, and ITS fragment in 13 populations
of Rehmannia Libosch. ex Fisch. et Mey. Neighbor-joining tree was constructed to investigate the relationships among the species. Results
CpDNA regions (matK and rbcL)) and SCNGs had lower identification rates than others, especially ITS. Multiple DNA barcodes combination
would be helpful to improve the species identification rate. The NJ tree indicated that R. glutinosa and R. solanifolia were clustered together,
other species in the genus were monophyletic, and R. piasezkii was the basal group. Conclusion ITS should be used as the core barcode in the
genus while psbA-trnH, trmL-F, trmM-V, and tmS-G would be considered as the candidates, and nuclear genes R255 and R257 might be
utilized as unique barcode for the identification of R. glutinosa. The origin of tetraploid species (R. glutinosa and R. solanifolia) still remains
unknown and further works should be done to solve the question.

Key words: Rehmannia Libosch. ex Fisch. et Mey.; DNA barcoding; nuclear genes; chloroplast genes; phylogenetic relationship

VIR ZREVE R AEM 2 REE I B 5r, B 4F Hebert 25U LK DNA SIBA5 R 43 8240

A AR RER, YR 2R
RN AR R, B2 2 i A A R A
TSR E T o PR Geit ST O R
IR TT R DRl 2 FEPEOR Y I TS R A, AR SEH
TIEEAPMEN RS R E LTI, A
DR IEE LR A RATBENR . B Z AR R
DT AR R E T B 2003

gt BHEA: 2016-08-13

5T, WHEREEAH A EZ 4 DNA f Becitysh
Pt HERSEE, FEREO X RA R PG4
Z K. 2009 4F, CBOL Plant Working Group
B SR rbcL+matK F BCALAF by B A 4
0SB, 2R ARSE R psbA-trnH FIAZ LA 7 B
ITS EJg MR 2011 4F e R ) 4 F R 5 [ A
(China Plant BOL Group) #BCKf ITS AW A% L4 TE

H£E&WHE: EEARFHEIEEIH (31670219, 31370353); BEFG4 AARRHEIERITFUERI (2015IM3106): BRPEEEHE THH (113S093)
EEEN: Fddy (1975—), &, By TRRIW, W55 10 R BHREA% 53T E-mail: jianfangli2010@qq.com
«BEEE  XdAbk, U5, B, WFHEARY) IS, E-mail: liuzl@nwu.edu.cn



+ 166 - ¢ %% Chinese Traditional and Herbal Drugs 38 48 % 25 13 201741 A

24 Bl TG rbel A matK Fy BEfb R
B2, & TRNE KL EACEERER 238, T
28 R B A SR, X 2 NS
WS Z A RN, 1TS B 2N T RS
REHHH, (ST ITS &2 IUERN, 2
R P AFAE BRI AN BB LA S PCR 71911
WEFE, Ko FPEREKE RRIAFENE, Y
o 65 5 M SRAR K g o JEE

528 VIRZIERAHEL, B DU R34 T )
H X H &R JE Corthologous ) 5% & [A] J&
(paralogous), ZyEE IR A ERFEIICR, HAH
WL RIRIXCRIE AL LS BRI IR A, B
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Table 1 Information of materials
YyFp P ERR Y MAEL E&JE/S N 45/ 4 /m
W% R. glutinosa IITPNE] DT1~5 5 113.0 40.1 1098
NG CCl1~5 5 107.0 35.2 1215
IINIRSTE CZ1~5 5 113.0 36.1 929
PO i 1 AK1~5 5 107.5 31.5 787
IR B % TA1~5 5 117.1 36.2 203
I3 R, solanifolia P CK1~5 5 108.1 31.7 950
K HME R. chingii ZIBHR AH1~5 5 118.5 30.1 222
GRRR TX1~5 5 117.6 30.4 86
WL K LS1~5 5 120.0 28.4 195
WAL R. henryi MUiB|AER=" YC1~5 5 110.6 31.3 299
M- 3% R. piasezkii %2 G 5 A0l HL1~5 5 108.2 32.9 383
AL LR B BK1~5 5 111.5 31.9 251
AR L ZS1~5 5 110.2 32.1 495
AN R Rl — N R A FEAMALE A ) NI & H#R
G IR RSO VORI e s BEEBER 2.1 FRSISHE

I PWG 5 (PWG-distance) 74, AR/ M
LR N T /N 93 i L EXcAM 11671 B 9ncd s
b4k, R TaxonDNAver.1.7.8 #H™™, Siid ffk
VCHC (Best match) THEREANMAN] AU, HIWrE
AT R IOMER R . A MR VTR R T 0.4
I, MO A ST AU A0 AT
FF T SRAATE DR L o DU R e 3 R A
SEIR IS, R ITS HZH, fg 7t
SRARBE IR B P DL DR T B AR B, I
TR AR T IR BT I SR WG
B AL S AERI T R G S, AR
O SCE PR RS 2 A B T R AR

AR 19 ANER B s )E 5 ARl
13 ANEEE 65 MM RERE AT I S50 7. B
R84 4k, H4r 11 /\ﬁ%mmlﬁwwwwm
PE IR, WAL RIS . AR bR
L2045 B AT LR AU FEIIAE 0.77%~4.33%,
SEEME A 2.44%F0 2.34%, R146 A8 A%, 1M
R84 fpifm (R 2), ZMHiEE (KR R15. R56 JEFEASM
R TR (B RS6 JERAM) a4 R ZHUZ IR R
FI A T R N R ) A e, BTGk LA
R118 FI R257 HA7AEAR S, T ML 5 30 b 357 471 56
AAAF], TR RS RIS . 28 DU
DAL ITS WAILH AT R s 2 2, BRI 3

®2 BERRBREEFHEURYMEERIE

Table 2 Characteristics of each nuclear or chloroplast fragment and their successful identification rates for species in Rehmannia

Libosch. ex Fisch. et Mey.

s PRk HAIERA GCR AR i REMA WARKE BN PWG HE . T o e
e B K % o o Kl WEvE m Bestmatch 7 FISER(TH9(H) FBEECTEYE)
RO 30 W 80T 1009 0 025() 030 010 0~0001400007) 00008~00135(00071)
RIS 399 W46 1Qw  1ew 0 050() 075 031 0~00064(0.0016) 00050~00127(00094)
R56 254 254 28 4(1.58) 4(1.58) 0 025(y) 0.00 0.00 0 0~0.015 9 (0.008 0)
R84 279~299 300 390 13(433) 13(4.33) 3(3~12) 0.00 (n) 0.00 041 0~0.0149(0.004 5)  0~0.024 6 (0.0122)
RIS 350 W39 1008 90s) 0 05() 025 031 0~00018(00006) 00012~00211(00139)
RI24 269 2609 453 3(L12) 3(L12) 0 0.25 (n) 0.00 0.00 0~0.001 8 (0.0007)  0~0.005 5(0.0027)
R146 260 260 4.1 2(077) 2(0.77) 0 0.00 (n) 0.00 0.00 0~0.001 8 (0.0009)  0~0.003 9 (0.001 9)
RIG 254 B4 M5 1% 1076 0 05() 050 000 0~00032(00012) 0001 1~0.0152(0.008 1)
RSE 49 0 06 15650 1462 0 050() 050 041 0~00084(00009) 00063~00198(00129)
R255 390 390 422 10(2.56) 9(2.31) 0 051 (y) 1.00 0.57 0~0.0062 (0.001 8)  0.007 8~0.0112(0.009 9)
R256 330 330 414 8242 7(2.12) 0 025(y) 1.00 0.23 0~0.0044(0.0018)  0.006 1~0.013 5(0.008 8)
RST 54 400 00 1007 0 075) 100 05T 0~00023(00008) 00025~00112(00076)
ITS 680~682 085 610 24(3.50) 21(3.07) 5(1) 1.00 (y) 1.00 0.98 0~0.002 1(0.0013) 0.0030~0.0165(0.013 3)
WL IR, RS N T REy R, n ROR T B oy ST A e, R IR

successful identification by tree-based method, letters in parenthesis indicate whether the barcode is suitable for R. solanifolia-R. glutinosa, same as below
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AEAEAR 5, AR S R TR A5 IR A LG 23 R 3.50%
F13.07% 7E 6 N ZRARTER Fr Be Y, B matK Fl rbeL,
FCAWSE R AEAEBSE RN /B, Foh psbA-tmH &
trnS-G AN/ BRI, KA 10 M8 A, Ik
B HIE 76 bp F130 bp (K 2). HEHATLA
A A A LG TRTZE SR p LR AR A P 233l ok
0.15%~4.02%%n 0.15%~3.62%, “V¥IEN 1.67%F!
1.39%, FYME T2 UL . thel B F% i, 1%
ER HHEER A 1A i, HAbA R —
AR psbA-trnH JEKAT 20 ME AL, JPHIAR
SRR E KO tmS-G, 1fij tmL-F 5 tmM-V ££
H T N AR S AR (GGR 3D fET A H B e,
ZH SRS BRI e MR ) 2 25 (R
WAEISN, Lean roeL AN FJEEL P 100%, 16
MR LR AR AR 7K, AXAE psbA-trH 3
Rl EAEAEAMAR R G AR
2.2 h#EE DNA &HIBEE

FIFHEEE . (PWG B E57LF1 Best match ) Fil

*3 MEREERRER

HRHE LLAN A DNA - S5 TEAG 0T i B & ) p i) 4 i
IR o ITS VENHERERIZ O A TEABTE 3 Bl ik
HEAT B Iy PR . PWG BEEE T R 0], 25
FAE DU DR P BEATAE R A B R 3EE A% B 2 T i)
S/ NIBE R I, s DU BE R F A — e () BRIk
HA7 R255. R256 Fll R257 fighs 5 ITS W, &
Tolt P e KB A% BE B /N Tl ) e /NS BE B 1) DNA
SIS RRAE (3R 2). THKHE Best match 7%, #Ff
Iy B I R255. R257 fEHb B @t AT 57%I%)
YSTE BRI o GRS SR I s DU SE R AN fig
FAPUHE 100% 58 AT S8, 73 HEA B (1) R257
HBEI o HF 75% M. LEARBEFEW ) 6 AN
SRARFEIN FBEh, PWG BE 257, Best match v 143
BHEA IR rbel WA 7 PE4%, matK [P 53 3%
WK BARIEAN A SIS S M 7 v R A3 2 i
Iy PERIEAT 25, {HIE psbA-trnH. trnL-F. trnM-V
5S-G # 2 as Bm AKCF 1 W B S e ik D)
(50%~100%), W3 3 A 1-a.

BEAEHHE L R E BTN R

Table 3 Characteristics of chloroplast fragment and their successful identification rates for species in Rehmannia Libosch. ex

Fisch. et Mey.

JFRKE AR FRMA BARKE mbiEws  PWGH
B AREp , IR (T4

bric o Ky GC =M% AAEL% 0, Hibp g, . Bestmatch i FABEE (P MEEE (P
mtk 8l 814 M1 7(086) 5(06) 0 0.5 (n) 0.5 025 0~0.0006(0.0005) 0001 0~0.0022(0.0018)
pbAdmH 388~479 497 263 002 18(6Y) 10(1~76)  075(y) 100 065 0~0.0034(0.0023) 00066~0.0221(0.0145)
el 681 681 433 10.15)  1(0.15) 0 0.00 (n) 0.00 0.17 0~0.0007(0.0002) ~ 0.000 0~0.001 0(0.0005)
mLF 74~801 802 350 9(L1Y)  8(L00) 2(1~T) 100 (y) 100 065 0~00006(0.0002) 0001 6~0.006 (0.0041)
WY T 756 365 12(159) 8106 4(1~5) 075 (y) 100 067 0~00006(0.0005) 0.0027~0.005 8 (0.0048)
msG  65~68 T8 27 172300 14(190) $(1~30)  050(n) 075 098 0~00020(0.0014) 0.0026~0.0076(0.0056)
G

S 10

ﬁ 038 .

> 0.6 o R

E 0.4 ”” ‘ ‘ = PWG B

% 83 I = Best match ¥

R I P
b

§ 1.0

= 8? o FEATE

E 0.4 o= PWG FHsiv:

& 0.2 = Best match 7%

T 00 . _

s s 5 8 8 = & 2 5 3 % 5 8 8 2 E Z B 239 99 8 2 g 8@ I

= Sva g e fE2EfEETEA3EEEELEE5 %

a=R84 b=R254 c¢=R255 d=R257 I=trnL-F m=trnM-V s=tmS-G p=psbA-trnH i=ITS

E1

THEE ITS BIETADES (a) FAEHE ITS BIETALAES (b) BIFEERINE

Fig.1 Successful identification rates of barcode combinations without ITS fragment (a) and barcode combinations containing

ITS (b)
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4 AP B TR R Bl A B AR, i i
FEAMF) R84, R254. R255. R257 FHH-£RAAILIA 1)
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SIS HT 2B, BEAE HE IR B 55 H 1
W LR AR R R o3 R D N, 3% PWG BHES
2 SRR B LA A B 100% 1) 7 HEE,
M R RE W TR 2L 3 AN gk Brdl . 524
X, 24 3 5 4 AN DU DA & 215 20 A pp
Oy HERBA WE X, WA R255+R257+R84 41
A REE K I PWG FE 2575 R 10095 Hb 3 8 %
A 2 9F (K 1-a). 498 ITS fE 471 DNA
GG, JLT- I D Bedl & 7 U
I 100%[1) 50 B (K 1-b), Xk HEsE T ITS
Ve A Rt 45 TR Iy 6 B,

23 WEBMARAZKLZEXAR

DLEE I3 A AR RHE, FIAT 12 A58 DU D]
ITS F1 6 AN SRAREEDE Fr Bet it 7 Mo st g 5 AMh
1) NJ B g R, bt R H M Wik
H B R, L St O I R, A
93 A 98% LA SRR . Wbz 5K H M
SEURIRSEHRE, RN HL LT RGM I (B 2).
3 itig
3.1 DNA FFEBHILLEL

BWTOAN, SRR g, A 4%
PATEIR Py BOHAE I S A e B IR, RO n v Bl
SRR PR, BT R R A, S
RIS H RS I B T S e i 2 i . AR
B, 2 ANFER A B A IR R T
B CHEHTEFRME A 75% Y5 83%), HEZT
2ANERALE G, YIRS AP I (3. 4 4
FERH AT HER N 93.7% 100%, B 1), 5T
JLIRR,  ATRES BTk i A PR L AR R A A
Ko A SN AR TAELLHELEN) DNA 45TERY,
Eb 2 matk A1 tbeL BHAGTECRIRNS, (&AL, FAKF
MRG2E T, MR N ACE IR e et 5 B AR
HATHRP TABTFL TN psbA-tmH. tmL-F.
trnM-V. tmS-G B E TRt 7 B, g g
BT IERIGALIX o BRI tnS-G FEK B, A S
RN BREELXE, AN/ R, if
X R AIE (1 35 DR I A % 1T e L 3t T I 2 Ak I [
HEARIE R g LA SRR,
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it 3% CKS
i s CK4
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Hu 3 CZ4
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K H s LSS
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K H sk LS4
K H s LS1
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K HHLH AH4
K HHITE TX3
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240 B HLS
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Z4H- 1 HL2
Z41H- b3 HL1
Zn|-Hb i BK3
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Fr- 3k ZS2
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Fig.2 NJ tree constructed with six chloroplast genes and 13

5P ] o [ [ Wﬁfﬁm

nuclear gene fragments

B SR IE R 5 AN R, s USRI i Bl
I B0 R S 5 4 e b o B B 11 25 e i Th 2%,
XEEA 2 ANRE: — R AREFUITIE R4 DAL SEA
JERAE APOV SRR TRIE 1), HE DR IHRE ] &
FELRSE, I H AR X B e RN gwh X, HEAL
AT, 5 A S DR AN [R] i DR A 3 ol A
Bl A S FE AN R, AR st B 30Uy
BUALE o 2 AR T 1 265 5 R

AT, ITS 75 3 B i b 384 AR
H IR PR (98%~100%), EWT ITS HfiSEN
ZAE AR TR DNA R0 JERY, 1X 5 58 /Tt
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GO, 4 AHEEARIER B (psbA-trH.
trnL-F. trnM-V. trnS-G) {EHHE 8 R I 43 38 %A
AT, o] g5 /N PR B OK T A d KR B (3R 2), ITS
L ILH AT — NP AL A B Re R i Jm I F 100%
S B, RIE A 13T LAE b #53% DNA 45 B
[) IR 23380 B DURZ L [ R255 55 R257 thn] LA FEAE
HAGTEI . BARIX LeA SE PRI AE ML S IR ) Fh 4 e Hh R
LT 2R IR A BN, (HAKSR PWG BE A
AE 100% %5 B g 5 MR, IF HIX 2 ML R
5 U7 Mt 3 5 LA AR R X 4y TRk (R
20, X 2B R > T R e R T 2 AT B
BEAE SE AR I K 5T A, s DU R 2
PROLT 251G (1 58 DAL LR DNA 4B .
32 HWEEBEMEIEEXR

T 19 ANJEDE Fr Bor) g f 1 o 8 NT B i 2
SCHRFHL T JE AR RO R R (8 2), FF
A S OCRE YD), X 2 MU, TR
Ui L T Pl e e N e N7 b S S S B (N
GUR—F 2 S A 2 A X P
Y%, WU AT AE S B 5K R RO T
S SR I o 1L T NI T S 1 B o L S N =
IR, ARG A T KENZIERS
SRRSO, A SCHE BIR G518, NI B SR b
Juth 3 5K H R Bh UK HE, 38 A1 R
Al REIR AT B JL AL G . ARTAIFIE34A R H 3
B A B R A2 (H A SN R
TR ST TSRS . R s A A A
TRE AR, oA L B 145 20 1)
HLSE 20 A AR — 8, 24 Hh o ] B Hh 2 A
SR R o A PR, TR H H B RT g A S
Py i) A8 9 gk ik R v 5 4H 58 T8 A R 3 7 AR
AR, HHEAPLEIE AR & T DU E
by T8 -5t R 2 ) RS YR T X — B2 B T ST
SR, AT NS b 2 - i b B AT BRI TR H
b3 55 B I H TR (1) %A P R ek I DR A0 5 1
() 595 22 AR U2, RBEST 0 N B s -0
1 B 43 52 5 R H b - T b Hb 5 R 5 R i ik 2R
B X —RAKE KARLETT LUAERE R i 5
NS B: YO B | o A QR R /R L A Y SR S|
J5 DY 5 A% (1) M - oh I b B, mT DL RE A b -
it - S A I S — o B AR T 0 A S T B
J5 ) TRD 5 DU s A o BRI b G 1 DU 5 Ak (ke 7 5 AT
T2 T TAEBAT IR AR T

4 #Hig

L AL 12 A58 DU BRI ITS b 6 ANAf4x
PRIEDR F BeAE 8 DNA 45 TERS B nl ATk, i 7 ITS
VE R K% 0 5 TE B8 1) AT, [) B o4 32 v 2 A B
psbA-trnH. trnL-F. traM-V. trnS-G {4 %1,
EER RR255 5 R257 Al ks & FH 4 e 4
i, JXEE DNA Fric Ay ER b o 8 b a) 25 2o
RIHE TR

SE 3k
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