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Origin of cultivated Rehmannia glutinosa based on chloroplast gene psbA-trnH,
trnS-trnG, and nuclear ITS sequences

XIA Zhi, HUANG Yong, LI He-min, ZHOU Yan, GAO Zhi-ming
College of Agronomy, Henan Agricultural University, Zhengzhou 450002, China

Abstract: Objective In order to understand the genetic diversity of cultivated and wild Rehmannia glutinosa, and to unravel the origin of
cultivated R. glutinosa. Methods The sequences of nuclear gene ITS and chloroplast gene psbA-trnH, trnS-trG in cultivar and wild
population of R. glutinosa were amplified and sequenced. Haplotype (gene) diversity and nucleotide polymorphism of three genes from
wild and cultivars of R. glutinosa were analyzed and compared in this study. Phylogenetic tree was constructed based on combined three
genes using Bayesian inference (BI) methods. Results Analysis of sequences indicated that the number of haplotype (ITS, 6; psbA-trnH,
8; trnS-trnG, 9) in wild population of R. glutinosa was obviously higher than the number of Haplotype (ITS, 3; psbA-trmH, 3; trnS-trnG, 3)
in cultivars of R. glutinosa. Haplotype diversity and nucleotide polymorphism of wild population of R. glutinosa were far higher than that
of cultivars of R. glutinosa. The NI tree (combined three genes data) indicated that all cultivated and wild population of R. glutinosa, and R.
solanifolia form a monophyletic clade [Posterior probability (PP) = 90%]. Twenty-three cultivars of R.glutinosa (including 29 samples)
were clustered with Wenxian wild populations (PP = 78%). Conclusion The results implied very low genetic diversity existed in cultivars
of R. glutinosa induced by the severe genetic bottleneck during the process of domestication of wild R. glutinosa, which resulted in the
narrow genetic basis of the existing cultivars and decreased genetic diversity. Furthermore, it appeared that wild populations in
Wenxian-Henan area were involved in the origin of cultivars of R. glutinosa.
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Table 1 Plant samples
G Tl AR ' il KA
1 4 Rehmannia piasezkii WHEE B 32 M GBS ECHE D Vi) T i EL
2 LR R henryi WAL 33 M GRIFIERT 1 5O bNEaR B!
3 BT R, solanifolia PRI 34 s GREFaZE £ 25) ] P i B
4 KRB R. chingii WL 2 35 HEE CGRIEWE 39 MR E
5 W3 R. glutinosa bt 36 M CGREFRE T 15 MEINEIN T EES
6 i T e 45 B 37 HhEE CRESHIG 295 ] P I L
7 Mg T e 45 B 38 HuEE CRERIOM 15D ] P I L
8 b TR AR 39 HhEE (GBRIE 9302) v L
9 ik T 7 P 40 b CGRRESCRRIE 145 ] P I L
10 ik T A L 41 HbEE GREE 83-3LF) R L
11 Hh AT T B 42 Mg CGRRIE &1 VTR i L
12 ik R R 43 HEE GRS R L
13 M IR 22 44 Hhix GREES-3D bE i
14 Mg W 45 Hbiix GREESL-D FE i at
15 ik g 46 HhIE (FRRGNEITD) R R
16 ik g 47 HhIE GGREFILARD 0] e ik £
17 % W 48 Mz CRREiMGEE 85-5) bE i at
18 ik TR AT 49 IR GEREIETIO 0] e ik 52
19 Mg ] BB 50 Mg CGRIFEZvE) bE i aY
20 M ] BB A 51 HhEg (FREE 85-5-1) T P ek
21 M ] BB A 52 HhEE (FREE 85-5-2) 0] P ek
22 M ] BB A 53 Hh3E (AL 45D bE T
23 ik i F B R 54 MK (AT 452 R L
24 ik i F B R 55 MbEE CGREEBEILnT 3 5 T i L
25 Mk T F B R 56 HbiEE GRIEWE R L
26 Mk T F B R 57 HbEE GRESRE-D R L
27 Mk T B B 58 HbEE CGERESRE-2) T L
28 Mk T E i 59 Hbhpe CGREFILRI3 9O i L
20 Mk T 60  HbEE GRIEERIO R R
30 Huk TR N 61  HiEe (Jbxt3 55 85-5 4¥%0) T i L
31 b A 62 HuET CGRREEH 85-5) FENE T at

HEE R SR b AR R R LA A AT 4
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Table 2 Number of ITS haplotypes and mutant sites in wild population and cultivars of R. glutinosa
oy ITS [ 53547 5

157 179 214 266 279 363 471 551
Al C C T G G C G T
A2 A T T G G C G T
A3 A C T G G C G T
A4 C C C G G T G T
A5 C C T C G C G T
A6 C C T C G C C T
A7 C C T G A C G T
A8 C C T G G C G C

TEHCRE I 23 58 4 A1k, psbA-trmH 7471
LI T 9 AN AR, o hlk Ly 4 B1~B9,
b3 B AR R AN 27 A, I 8 S LAY,
CPRHLTE T RE AR 31 NFES R, I 2 AR
B3R 3. Hfr, 29 ANERERRPFE S (ZFR 48
SORKE N EE 85-5 Al 62 S ARG B 85-5) 5 5 M
W AR CRIET 95/, 10 5. 115
M 12 T E B 13 52D s Bl RAT AL
Mg By AR R, A58 B2, B5. B6. B8 il B9
B JEARA AT, SCRILAE 1 bk, 4 5k
P8 S F RN A A R S 5 b Rt B A SR A

17 S5 7 99 B9 A= S e L 18 59 B 7 o35 B A S e
A 31 S iny b A B AR fa i . B3 1 BT i 43 )@
ZAURAE R, o B3 FLAE AL SR T 6 i BH Y
AJEEE. 28 A1 29 T A . BT G AL
ok B 23~27 S B 5 NI AE R E, 19~22

SRR 4 AN ASERE, 14~16 S 3
AN AR FRAE, 7 5T R v BH AR JE R 30 5T e
INEPA R BRBE mAREfrh, BRI B
Ah, FEF Rl 48 S EE 85-5 F 62 BT 85-5 L
FLETY B4, 7E psbA-trnH J7 41 A H IR 2 AN 1R i
KRN, RS 245~249 {7 14, AR:G Al 48 S i
B 85-5 F1 62 57 85-5 HIIN 5 MIL B, 765
250~254 fi gl 5 S EEAL U AR R IR 5 ANk
TN 7E28 276 ~278 {3 £, 379~381 {7 i F1 408 ~
S12 785, 17 5 R3] v 7 91 B A o Bt IR 3 A
FElh sk, 3 NIRRT 5 MRS . HEAMESS
382~386 55, 387~~393 fi7 s, FAr “IrHhEE” AR
B5 ot R B B A R A, I 5 SRR IR i 2R
FEN, 7 AR (1) AR K o

TEMCRE 420 58 A4 B, trnS-trnG J7 1) 3L
HILT 10 s8R, il Hdar 40 c1~Clo,

x3 WEFLEEBHMITHERIZHM psbA-trnH EFBERHERT RS
Table 3 Number of psbA-trnH haplotypes and mutant sites in wild population and cultivars of R. glutinosa

psbA-trnH J7 5148 5437 i

malics 211 241 245~249  250~254  276~278 372 378 379~381 382~386 387~393 408~412
Bl C T TTTTA - AAG A T - - ATTAAAT -
B2 T C TTTTA - AAG A T e
B3 T T TTTTA - AAG A T - e e e
B4 c T = AAG T - AGTAA ATTAAAT -
BS CcC T TTTTA ITTTA AAG A G e ATTAAAT -
B6 C T TTTTA - - T - AAA AGTAA ATTAAAT TGCAA
B7 C T TTTTA - AAG T - AGTAA ATTAAAT -
B8 C T TTTTA - AAG T - e
B9 cC T TTTTA - AAG A T -- TAAAT ATTAAAT -

€7 FORERKIBAE, FIA

“-”means missing base, same as below
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R 5 AN AR SR BE, 14~17 S EGH ] 4 AN
JEHE, 7 SRS BHET AR SR . SR CO Bk
5 Ab Rt AR R BE. 12 S e i B AR SR, 13 5
TR 22 BB AR JR B o 78 trnS-trnG FE 71 o H 2 AN
FER R TNGE N, £E55 25~34 7 4, KA 8 T
AR XS L LA FP S, A 10 ML TIHE AN o 7658
73~92 i pi, FREF SRR S B AR SR 20
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Table 4 Number of trnS-trnG haplotypes and mutant sites in wild population and cultivars of R. glutinosa

trnS-trnG J¥ 51 AL AT 1

R
25~34 73~92 105~111 234 279 299 358 359 381 497 583~590
(ST TATATATACT TAGA T R A T - A G
TTCTCTATTC ATA
2 TACAC  TATATATACT = —-ee- C - A T - A G e
ATAAT  TTCTCTATTC
C3 - C T G ¢ —
(o I— TATATATACT TAGA C - A - A ¢ —
TTCTCTATTC ATA
Ccs C - A - G N —
[/ J— TATATATACT =~ —oee- T A T VU ¢ J—
TTCTCTATTC
c7 - C - G G e
cs - - G G e
[l J— TATATATACT =~ - - A T - A G e
TTCTCTATTC
C10 C A - - G G TTATTAAA

22 ZEHBREZ MR

BHRZ SIS R (8 5) RW, Haily
A JEBERT CCMRHEE” ARRT AR AL IR 1TS LR
OB R BAE N R AR 5, SR ARSI psbA-trH
HT trnS-trnG JE DA B 22 AN B PR 4 AR 2K o 7 3
TP AR A MR Hb T AR SR, A BHAN
LR ITS WS ARFER psbA-trnH AT trnS-trnG .
ERIZREE (HY 7394 0229, 0.525 Fi10.675. 3 4
FER (ITS/psbA-trnH/trnS-trnG ) A% TR 2 274>
WAL R 22 RETE () 0.000 61 0.001 37, 0.001 91;
AR Z A (0) 0.002 82, 0.001 47, 0.001 27;
AR T2 5450 (k) 0.376. 0.601. 1.307, JEA

AR AL Z A6 R Bk B s B A J i . “ Mo
B R PO L B A R AR 2 R R,
P s JERE 3 ALK (ITS/psbA-trnH/trnS-trmG)
LRI 2 BEME SR 900 0.342. 0.590 F1 0.746, 263z 5
T CMRHL T RIG AN 3 AN ERAR T 2 R
0.127. 0.125 A1 0.127. HpA i Jm it 3 AN ERM
73 0.000 94, 0.001 88. 0.001 59; € Jy 0.002 12,
0.001 75. 0.001 91; &} 0.575. 0.838. 1.083, ¥Jit
e T PR REE AN 3 NSRRI 7 24 0.000 32,
0.000 28. 0.000 37; 6 >4 0.001 23 0.000 56+ 0.001 10;
k 4 0.194. 0.125. 0.254. BpAEHboE fE REREA )
Witk Z AR B T M B SRR A
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Table 5 Genetic diversity of different ecological populations of wild and cultivated R. glutinosa
7 25 LS Rl DR A 4 Hy T 0 k
ITS A= S e 27 613 0.342 0.000 94 0.002 12 0.575
Fed n 31 613 0.127 0.000 32 0.001 23 0.194
TRG A 58 613 0.229 0.000 61 0.002 82 0.376
psbA-trnH A= J e 27 474 0.590 0.001 88 0.001 75 0.838
e i 31 461 0.125 0.000 28 0.000 56 0.125
ERE LN 58 474 0.525 0.001 37 0.001 47 0.601
trnS-trnG WA 27 736 0.746 0.001 59 0.001 91 1.083
e i 31 711 0.127 0.000 37 0.001 10 0.254
TRA A 58 736 0.675 0.001 91 0.001 27 1.307

He- P52 FF A
Hg-Haplotype (gene) diversity
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Fig. 1 Phylogenetic tree constructed based on NJ methods
(ITS, psbA-trnH, and trnS-trnG data)
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LT AL, Bl C1 3 AR X R WIRTLLET A
B, AR AL Z A C ] B IEAC. AiR
BRIEABANEYIS RS R, I, AT
& SRR A DX 3BT SISCA 1) 24 IR, T LA
HAHROEERAES S T 2y st
WG, HED “PRHLEE” SR gAkRE R AT R YR T A
M= N R A e s A 5 NS O T e SR
148 5l 75 85-5 W AE KU 1Tl B ELRH (1 B 2E fa
AW P FRRSRVEIAT YR, R
i AUBORE PR T g A, B A o TR R Al 3
BRI AR R R, (H 5T v 2004 Hh i AR B
FhiAxZ, HMEE SOE—AT Ak, BKtd—2d K
R PR CHRp ) 2 SR A 288 1 AR a5 b B P T e = X
Qe PG B . AR B AR YT B e T B
8 AR AT AR AR, B HCH A 22 3 DR B CRED))
SERE TS B TR I D Re L R B PR
RERBWIT, J7 He A TR H B RS &R e Y5
My BREED L RADT T RUGRIEIE & 2 UG
7] 1t ol A Y30 S M R Y A5 . TR Ol b B S (1) 2
MBI R SR SEEE . 3Rk
PETTAE I BRI AR
SE 3k
[1] HHEEDEREEZLS. PEBYE F 67 Q) &

(2]
(3]
(4]
(3]
(6]
(7]

(8]

(9]

[12]

[13]

[14]

(21]

(22]

M]. dbxt: Bl R, 1979,
TRE, 5, IR, Mg a40m 5125y
LR [7]. H 524, 2004, 35(5): 585-587

TEM. M M) Jbst o E R 2 R, 2001.

rpE 25 [S]. —#6. 2015.

BE . B R AR AT [J]. 2 0E R IR,
1953, 1(1): 41.

AR, Wbk, SRR, S bR P s R 3L
FAF [J]. T2, 2002, 33(10): 946-949.

WeERR, AR, BRI, S HH WA g 1k
Mg [1]. ThE 24, 2005, 36(1): 124-125

AR, R RS RS D] Bl B
U9 K272, 2005.

2R MR R SRR NS T RE AR
i JE AR AR B INRI R RS E D). db:
R BEAE 5T, 2009.

Hox, FFE. MIEJE LI S8 10 25 TR 0t IR
WARTFT [J]. & ImEs B 2=, 2009, 25(12): 96-98.
B MR B Z AT ST D] R AEFRITNE
K2, 2007

BOR, ZRER. MR R R L 2 REPE ISSR AT
[J]. I E AL, 2009, 27(11): 1386-1391.

T4, wmE £ B AR e AR
KE BN [1]. Mg, 2008, 25(2): 221-229
XEE, B K, T fH, F RS
[7]. W2y, 2014, 45(1): 16-22.

JB o, RN, XS, S HE T RIS PR T 2
B PLRAE R BB [J]. T EEZ, 2009, 40(6):
930-935.

MR, PBEE, AR, 2. WIECRFEEFIY RAPD
M [9]. TR E 224k, 2002, 27(7): 505-508.

Qi JJ, Li X E, Song J Y, et al. Genetic Relationships
among Rehmannia glutinosa cultivars and varieties [J].
Planta Med, 2008, 74(15): 1846-1852.

FAGET, SN, 29R5E, % FH RAPD fIISSR 4> 1
Fric o B s A s A6 2 FEE (3], ifk, 2004, 26(6):
922-928.

AR b A A 184 2 B R0 T A% 5 R IR I S
[D]. Fa%: FadLR%:. 2015.

TR N, IS, BT, S EERLIE 2R BAE S
N5 g BUSEA (3] b B 2 2R R, 2011, 36(9):
1133-1136

B O#E, TR, B OB, & HEEMY DNA £4E
T4 5 Rt v BT IER T [7]. Hh 2y, 2016, 47(4):
648-654.

Wendel J F, Schnabel A S, Seelanan T. Bidirectional inter
concerted evolution following

locus allopolyploid

speciation in cotton (Gossypium) [J]. Proc Natl Acad Sci



« 430 -

¢ £ 4% Chinese Traditional and Herbal Drugs

Fa49% 28 20184E1 A

[23]

[26]

USA, 1995, 92: 280-284.

Shaw J, Lickey E B, Beck J T, et al. The tortoise and the
hare II: Relative utility of 21 noncoding chloroplast DNA
sequences for phylogenetic analysis [J]. Am J Bot, 2005,
92(1): 142-166.

Xia Z, Wang Y Z, Smith J F. Familial placement and
relationships  of  Rehmannia and  Triaenophora
(Scrophulariaceae sensu lato) inferred from five different
gene regions [J]. Am J Bot, 2009, 96(2): 519-530.
Thompson J D, Gibson T J, Plewniak F, et al. The
ClustalX windows interface: Flexible strategies for
multiple sequence alignment aided by quality analysis
tools [J]. Nucl Acids Res, 1997, 25(25): 4876-4882.
Hall T A. BIOEDIT A user-friendly biological sequence
alignment editor and analysis program for Windows
95/98/NT [J]. Nucl Acids Symp Ser, 1999, 41(41): 95-98.
Xia X, Xie Z. DAMBE: Software package for data
analysis in molecular biology and evolution [J]. J Hered,

2001, 30(7): 371-373.

(28]

[29]

[30]

(31]

[32]

[33]

Librado P, Rozas J. DnaSP v5: A software for
comprehensive analysis of DNA polymorphism data [J].
Bioinformatics, 2009, 25(11): 1451-1452.

Ronquist F, Huelsenbeck J P. MrBayes 3: Bayesian
phyloge-netic inference under mixed models [J].
Bioinformatics 2003, 19: 1572-1574.

Posada D, Crandall K A. Modeltest: Testing the model of
DNA substitution [J]. Bioinformatics, 1998, 14: 817-818.
Tanksley S D, Mccouch S R. Seed banks and molecular
maps: Unlocking genetic potential from the wild [J].
Science, 1997, 277: 1063-1066.

HWUUF. AREZ M) Bl BRI ER AL,
1987.

MICF (W), AFEREE M) Jbnt AR BA R
Ak, 1982.

B (). ARHNE (EAH M) dEat AR P
HiRRAL, 1982.

Mk 1L 29I Z SRR SR G B R X

SZRGEKEWGE [D]. WU #VL K2, 2011.



