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M HEEEY DNA FHEETE R ERIFERTTR

B O, I, & B, W, Ram, HEH
RN R 2R 22, Tr M 450002

H E. BH MM DNA 4B 7505 i @ #H4) Rehmannia Libosch. ex Fisch. et Mey. IS ER, B Z5ih i
R. glutinosa LI . F5% X HTE BRI ITS psbA-trnH ., rbeL Al matK 53 AR, BG40 76Tl py Al )
S, KBTI L. AHMEE R, #%E Neighbor-Joining (NJ) RAETBM I VEIITR E 0. SR WIS
BAHIK rbeL M1 matK J#31, 45 % BR rbel 555845, matK JF5 RPN N 99.9%~100%. ITS F1 psbA-trnH J3 51 (1) F- 1)
PP AR 38K F IR N AR S, H 2 4P 4 R IR S NAR S35 K TR A B R AR 5o 76 1TS RGERT I, M sk (1 BT+ il S5
B IAT 3, SCREEN 96%; psbA-trnH RIUPCA B B, MBI FTATFES RN — PR RS2 (LFER Ny 55%F1 58%). Hitly
i ML R PRI 40 S 20 9] 5 4 L BT R B SR A3 (FE TTS AP A W _E SRR 55%81 68%), 54 H sk Fi R H
B IRAE—3C (4 psbA-trnH B 1 3CFEEA 80% ). ITS FHECA W SCFRT B 1Y) 3 AN S 5ok IE iR B M. makd
R T AR 3 R IR AL — 30, SCRFRON S1%H1 69%. 4518 MERARIE A rbel Ml matK ANIE A AF K 45 RS % Hh 3% 8 AT %
€, ITS I psbA-trnH J3 51 ] LU by o 204 iy 3 b [ U Sk Rdb AT 568 58 (M4 TR AR P 41 o 40 b RORI R H i3 P 8 AL DU £ Ak
T 2 ANSRASKYR,  RREE (0 Hb 3 5] B A V51T p aL L DI B AR A
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Identification of DNA barcoding in plants of Rehmannia Libosch. ex Fisch. et
Mey. and origin of cultivated Rehmannia glutinosa

XIA Zhi, WANG Lu-jing, HUANG Yong, LI He-min, ZHANG Hong-rui, GAO Zhi-ming
Agronomy College, Henan Agricultural University, Zhengzhou 450002, China

Abstract: Objective To evaluate the suitable candidate DNA barcoding of plants in Rehmannia Libosch. ex Fisch. et Mey., and
unravel the origin of cultivated R. glutinosa. Methods Nuclear DNA ITS and chloroplast gene psbA-trnH, rbcL, and matK sequences
of species in Rehmannia Libosch. ex Fisch. et Mey. were amplified and sequenced. The Kimura 2-Parameter (K2P) distances were
calculated. Identification analyses were performed using Nearest Distance, BLAST1, and Neighbor-Joining (NJ) methods. Results A
comparison on the sequences within species in Resimannia Libosch. ex Fisch. et Mey. indicated that the rbcL sequences were identical,
the matK sequences were similar by 99.9%—100%. All inter-specific distances (ITS and psbA-trnH data) were far higher than all
intra-specific genetic distances. Minimum interspecific distance (ITS and psbA-trnH data) were higher than coalescent depth. The NJ
trees (ITS, psbA-trnH, and combined data) indicated that all population of R. glutinosa formed a monophyletic clade [Bootstrap (BS) =
96%, 55%, and 58%]. The clades including R. glutinosa and R. solanifolia were clustered with R. piasezkii and R. elata in ITS and
combined trees (BS = 55% and 68%), and clustered with R. piasezkii and R.chingii in psbA-trnH tree (BS = 80%). The NJ trees (ITS,
psbA-trnH, and combined data) supported that three cultivated varieties of R. glutinosa were clustered with wild populations from
Wenxian, Zhengzhou, Nanyang, and Beijing (BS = 51% and 69%). Conclusion Chloroplast genes rbcL and matK can not be used to
identify the medicinal plants of Resimannia Libosch. ex Fisch. et Mey. ITS and psbA-trnH are two efficient barcodes for authentication
of R. glutinosa and its relative species. R. piasezkii and R. chingii may be as both parental species of tetraploid R. glutinosa.
Furthermore, it appears that native wild populations are involved in the origin of cultivated R. glutinosa in Wenxian county.
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% 2%} (Scrophulariaceae) Hi¥5)JE Rehmannia
Libosch. ex Fisch. et Mey. HWTEIIE AT 6 i, 4=
PP R EMN, Mo, R 2R ORI T % R R
¥ Rehmannia glutinosa (Gaert.) Libosch. ex Fisch, 4>
[l 5 M A7 0 A, AR r AR RIS,
LI DU 2Pl (R E 2L 2010 4R
bt 3 VRN ZY, 24 00 g S B L A e R
Mg, HAWAAE Bl 1kl AN, #
REEREE . FT#ORE . S 2eii . gk
BEL WRA . B R R 2RI I,
B R S (R 36T Ol M2 R 2 B 22 (R 5
B W) M B a8 R AN 1 1 SR PR AR IR T R S
TR B AT, HAT R . Pt
Ko ARBT FRFZES . WA s S Re /e P,
W AR FH 43 )32 o A A T R AR B 1 2 24 A
P AEFORE (rh 2 s M N AR R 2, BS
FHEEKRER, SFEEBTSMEIEMEX 7, Mg
Wi 4685 O MERf P, 3 AR g S s IS kb, B

an A, ALk b esE) A1
W AR b 2k i N2, AIRE IS, |
PR 25104 T HET, 0% JE 1 %8 e i
F B PETEAS MR AN RAPD (random amplified
phlymorphic DNA) #1251, DNA 4 A% %52 X
JRBRT X 1TS2 B4 P AU 5™, ez i Hodth ) LA
I DNA 4% JE 45 {5 1% ] %1 [intemal transcribed
spacer (ITS). psbA-trnH. rbcL Fl matK] 7EHh3s
Jeg %5 58 A H PR A 23 A, HORAT AN JE 1K K
SEHORE, AT RGN AT . Mg N,
ep 2R R 5 8 A DU A A (2r=56), T
Hofb R R h Ak (2n=28) Y, HAT, X T
DU A% A b 38 2 15 SR U5 T 1% a8 A — A5 AR R 2R 1 7
VSRR A TR, WA WA, HRR R
Pt YA AN 4E .

WAk, BE S TAEYFIRE R E, DNA 5%
FALF A (DNA barcoding) 24 HH 259 Fh % 5 e H 2
PRI I R G A SRR A T 5 (bR i
DNA £ e HEASE R FRUER . A 28R 5
P38 HAHGHC ALY DNA F Bos B ppdi AT dad . ik
Wi B Zh e, Rk g b 258 Y Rh R T S
KIPRGRFR, RN 2RI R Gl SRS
aAR R EM . HET, DNA 4&IBEM%ENR) 2
I T2 A RHE I 25 TR b 2k s,
I, AHFIE IS S8 I 45 & GenBank £4 A

BT ITS. psbA-trnH. rbcL Al matK 4 4<% H &2
1 oy A1 05 1 2 JB ) R ) M 00 e D0, LA I fig 4l
B R 2 R ARG 1 91 % ok b B 8 R 1 oy
TR PR, R I bk e A R 2 R
R HIE G ERE G R R, HWitrh 2 s r
1 #MRERZX
1.1 ##

SEEOM B LR LS R 5 AMRPE 13 M
i, LA HB RS SRR 3 ANEESL, MR AERT R 6
AFER, MR AR 4 EER, SR E
BlE B DI U 2 485 AR ) 7 [ 5 s
LB S, TIEbRA R T B R2E R
RIS BTRR ALE (PE) A g MY K2 o SEEG RS
RERIR TP g e fr, SRR IE T8 )5 PR A7 T
—80 CUKAH, SEEHM BLTAI{E B & GenBank 5% 5
W 1,
1.2 A&k
1.2.1  #f4h DNA B$EH, $ 3y R AER
RIAANAHY) DNA $2H06A] & (Tiangen Biotech
Co., China) #2HUEEN DNA, ITS J¢4I3 144 A
Wendel 251119814 ITS1 (5°-AGAAGTCGTA-
ACAAGGTTTCCGTA-3") Hl ITS4 (5°-TCCTCCG-
CTTATTGATATGC-3"); psbA-trnH. rbecL il matK
FERIg B4 ] DNA £ 5 1M, 51 -
WA TP ANR S B A F G . PCR RN 451
LA R 5% Xia SRR AR KRR
PCR ¥4tk )5, Fl ABI 3730X illJ#1X (Applied
Biosystems Co., FE) TR, 745 KA
GenBank TS (R 2).
1.2.2 HRAeBE WP P50 R FH CodonCode
Aligner V3.0 % f (CodonCode Co., H#[H) /75
W AT RO P, LB G IR AR R P,
[, AHFFEA GenBank 4 PE 4845 I R 4 3%
J& ITS. rbcL Fl matK 3731 49 4 (K 2), A4
S 25 BR80T . T PAUP* version 4.0b10
( Florida State University , 3% [ ) I & K2P
(Kimura-2-Parameter) #H55, T K2P B kAT 5t
FEREES T, KA ZRE] . Bl AR S KN EAT
557 7 N1 ) S 1l 11 N e o 3 R B 7
%o FIH % AF PAUP* version 4.0b10 F4 2 4 4%
(Neighbor-Joining, NI) &4 & B, #JH Bootstrap
(BS, 1000 REE) K5 & o L MSCRFZ .
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x1 EYMHESKIR

Table 1 Origins of plant samples

GenBank 3¢5

4 EATZZVIN KA
ITS psbA-trnH rbcL matK
- WK Rehmannia piasezkii XZ-2004-04-001 WAL E & EF363670 KR424760 FJ172721 KR424746
WIILHE R. henryi XZ-2004-04-002 WAL EF363671 KR424761 FJ172722 KR424747
AL R. solanifolia XZ-2004-04-003 ERIN EF363672 KR424762 FI172723 KR424748
K H M H R. chingii XZ-2004-04-004 WAL 22 EF363673 KR424763 FI172724 KR424749
¥ R. glutinosa XZ-2004-04-005 Jbt L EF363674 KR424764 FJ172725 KR424750
HE GhEEEIL XZ-2013-06-jin9 TP B KR424730 KR424752 KR424766 KR424738
W GRREIER 35 XZ-2013-06-b;3 TP B KR424731 KR424753 KR424767 KR424739
i GREF 85-5) XZ-2013-06-85-5 TP B KR424732 KR424754 KR424768 KR424740
Hh 3 XZ-2013-05-DH1 R R KR424733 KR424755 KR424769 KR424741
i # XZ-2013-09-DH2 RGN KR424734 KR424756 KR424770 KR424742
Hh 3 XZ-2014-05-DH3 e R R KR424735 KR424757 KR424771 KR424743
Hh 3 XZ-2013-06-DH4 TP B KR424736 KR424758 KR424772 KR424744
Hh XZ-2008-05-DH5 T R KR424737 KR424759 KR424773 KR424745
FEA S Triaenophora rupestris XZ-2004-04-009 WAL EF363675 KR424765 FJ172726 KR424751

% 2 GenBank F3KIEFTS

Table 2 Accession numbers of GenBank database

FEK Y- 471 e GenBank &35
ITS 3 DQO69312. FI770249. FI770248. FI770247. FI770246. FI770244. FJ770245. FI770243.
FI770242. FI770241. FI770240. FJ770239. FI770238. FI770237. FI770236. FI770235.
FI770234. FI770233. FI770232. FJ770231. FI770230. FI770229. FI770228. FI770227.
FI770226. FIJ770225. FI770224. FJ770223. FI770222. FI770221. FJ770220. FI770218.
EU810386. EU810385. EU810384. EU810383. EU787018. EU787017. EU592019. FJ980430
W DQ272447
4 b DQ069316
St Hb 3 DQ069314
B DQ069315
KB DQ069313
rbcL T b HQ384874
Hh v GQ436719
matK T M HQ384505
Hh B GQ434277

ALY & (BLAST1) . T #5 B ( Nearest
Distance). T NI RG K B W7 L & )71
X 1 JE R S e AR, ALt 2R b e S G
PRI RGERE KR
2 HBRE5HR
2.1 A[E DNA £HBRFIIER. MRMEER
V2 i)

AHHFTH 1B R 2R R D matK RS 6 A
i, P2 OREANMAY 10 A4S, 3 ANERER A,
7 NP AERD CEEERYET GenBank 1 AMFFENL), it

15 )75, matK J74 4 38 R i D 2 35
100%. JFEHIRTLL R B, matK P4 E 3 3% & o
5y, RS EVEYE R 99.9%~100%. AT 741K
k1 820 bp, 6 NI 15 4741, A B 2 A7 R 22
St A A AL R AR 572 M A EAE T ) G
e, IR SEAE 660 AN KA G ) T (@i, 1L
RFEH T T, K H S
AR B2 matK SR A FIJEYE A 100%.  [HAF,

S A RE R el 70 M 28 J8 N AR A fR 5, AR S 6 H
FEMT 6 DMFN, 2 B UM AR 10 A, 46
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3 AR R, 7 AN AR CBLFERYE T GenBank 1
ANFERD, JLUE 15 4751, rbel JP AP SR
B350 100%. BT A 20 I [R5 358 100% .
KR, BT ARG 13X 2 AN B S A
DA 1) DNA 45 JEB5 17 51 ANIE 45 Hi 38 S N 1A R ) 4 52
DRI, 7R JS T 2 AT ey 700X 2 450751

B JE ITS JP5U4 6 /NP, HORER v 24 Hh B
WHEAE R 9 A, 3 ANFkEEmFl, 6 ANEFAF,
GenBank MBI 40 55541, 2it 49 4741,
b 1AM, LR 4 AN 2 MRS . TE
WA e R AT R0 6 NIRP IR TTS P A FE AR
FJEHh 613~615 bp. HoH1 ITS1 JEHIHK AR 7
FEl 4 223~224 bp, 5.8 S XK JEFH 164 bp, 64
Y 751 58 4 8. ITS2 J3 4 K FEAR Y Bl A
224~227 bp. {E ITS JPHIIFERET, AT
P SEIGRERN G 3 ANRES R, 6 ANEFAERI 1TS
FEHIEEAT A I, AT e AR SRR TR R A 162 437 15
AL —ANH C 2 A e, 254 GenBank [¥F
B, KRBT R N R ITS R4 B 5 2R 5.
Hi 3 J8 I A JE B psbA-trnH JEHIAT 5 AN, th2
M B 9 ANMFERELES 3 AN RRER A, 6 ANEF AR,
HA 4 PSR 1 AFERL . 76 psbA-tmH JT AR
Birp, Z4mHb RS H MU psbA-trnH 741K
h 516 bp, AL TR Ak 438 bp. WAL BTN L
HAbFIES], 1E 79 MSHA 1A T 3 G I,
165 7 A 14 G 3] T [, 1E 200 1 459 fi7
MASE 1 ASERER, 5 223~299 { fbF 77
AP RYE FBlR 2K o Jafi b 08 L LA RN 51
TEZ 200 D7 A0 1 MISEMIBRR, 7E 232~236
Pr AL 286~290 {7 Ak, FA4 5 AMRIEMIHLL
2B RN N, psbA-trnH FAIFEA 4 5,
TR B AR A (L. dbs 3 5. 85-5) 3 A4
FE A5 R UE T B By 0 RN e P B A b B
psbA-trnH £ 41 [FJEYE A 100%, FEAIKE 4 502 bp,
JEEE LA AR, 4y 3 AN ADRIE T st %
IH RBR P ) B A2 A i o

Tolt Y b 1) 22 S 2 20 T DNA 45 04 e 271 ) 7 3
fabr. BHAR SRS P A AT ORI R A AE 5y 4L
NI A S, DA oA s 30 [ AN TR R 4
NN S L IR 16 NG~ SN & Y |
AL Bl B KAE S0 HT ITS F psbA-trnH FP 411
AR ZE R (3R 3). 45 5REW], ITS M psbA-trnH
B (-S4 Rl ) AR 5 (0,017 96 A1 0.005 15) H41 KT

%3 [ DNA &RE5F50F A FIfE TR S
Table 3 Analysis on intra- and inter-specific variation of
different DNA barcodes

B B ITS
Rl KSR 0.003 6440.008 15
THIFNAES  0.006 1240.003 64
Pt/ MESE 0.004 9340.005 11
THIFEAE S 0.017 96+0.007 98

psbA-trnH
0.000 814-0.001 82
0.001 2440.001 62
0.001 714+0.001 89
0.005 1540.002 75

SRR AR (0.006 12 A10.001 24), H. 2 474
(R Rl 1) f5c /NAZ 5 (0.004 93 F110.001 71) 25K FFh A
T RAE 5 (0.003 64 Al 0.000 81). [Kk, ITS Al
psbA-trnH J341) & %8 1] v 25 14 b 3 K (7] 2l 2 b L
LUy S P SIATYE 718
2.2 HEE DNA ZRBEIINEED T

% BLAST1 % s R R R AT %58 70 b7, 45
WK ITS F psbA-trnH J7 41 v] DAYEAf % 1) A 245 44
Mo 5 L [R] B i 2 M2 . A PAUP* version 4.0b10
SRR T 2 h i L) JE U o 2R ) 1TSS A
psbA-trnH J7AII NI REGEL B (B 1. 2), 4K
FEIEPE S B IT & P88 . 76 1TS JPAIiE
P ZRaW b (1D, 2t 49 MER Y
AR 2 AR RO — B RS, CRFER 96%,
T, N 2 MRS — RS, SR
Hh 63%, IXF I 5 H SR OC R AU .
r L R B RO — RS, SRR N
100%, L HbERIR H R 2 MM RN
BRI, HEEEA 100%H 69%. TS T4k
(1 NT B ] LUK 2004 o i 5 gontit- b e A 1 LA
BB FP AR L IX 43T

7t psbA-trnH JE AR 73 1 RGW E (& 2),
T2 9 NREARSAR ) — IR, SRR
55%, W LAR L bbb h v Jm SLARI SR IX 3 JF, o
KU BH AR 2 ANEF AR SRR — B R 9 3,
TRFEN 66%, A 3 ANEEE SR AR T R
Lo TR AR e BH ARG B A B R A — S
THFEN 51%. 5 1TS R —F L At i 5
IR AE S, RN 55%, R CHE RGO AR
i, 5 ITS REMAFPETE ITS REW b, H
L R SRR Ay S, R B R
rar b TR BRI B R A SR — S, SCHRERN 55%,
{H7E psbA-trnH RGH I, Huwi. Sim-Hbsi — 54
BRI R Ay 5, S5 R SRR H b R B B R
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[ 3% FI770244
C T FI770247
HiEE FI770226
F i s EF363672
Eofinkih % DQ069314
= Hii% FJ770230
L Jh3% EUS10385
3 F1770239
k13 F1770232
P i F1770227
kWi F1770221
Hit KR424733
Hii% F1770228
HEE F1770220
Hii% F1770234
HiHE FI770248
HhsE FI770240
Hi3% F1770246
Hh FJ770233
HhE EUS10384
Hig§ EU787017
Hii% EF363674
Hi3% F1770249
HhE FI770242
Hi3% DQ069312
96 H# FI770223
Hi3% FJ770231
it EUS10386
Hh3 FJ770235
Hii% F1770229
Hh FI770236
Hii% F1770245
¥ EUS10383
Hi3% F1770225
Hi3% F1770243
Hhz EU787018
i FI770218
55 g EU592019
Hi3% F1770222
- g FI770238
Hh FI770224
HEE FI770241
Hh FI770237
HTE F1980430
M AR b= KRA24731
Hha ARk 855" KR424732
e AR G0 KR424730
ity KR424735
Hbi% KR424734
e KR424736
Hii% KR424737
i DQ069315
o0 s DQ069316
ZHh 3% EF363670
WAL DQ272447
59 1001'[ WALHbIE EF363671
KHHHE DQ069313
K HHZE EF3636735
FEFI3% EF363675

5332 BB AR NI 34T BS 00200 32 SRR (>50% ),
TH

BS values of NJ (> 50%) are shown above and below branches, same

as below

1 EFNJ & (TS F7) MERFELER
Fig.1 Phylogenetic tree constructed based on NJ methods (ITS data)

R, SCEEN 80%. WK ITS A
psbA-trnH J7FIRIEE IR 731 R GER m] K vh 254 1 5
IR @i 22 B HLIX 753 TF

7E ITS 1 psbA-trnH [P FEEA MR/ T RS
b 3D, H 2 1) 9 AN FEAC SRy — i
AR, SCFERN 58%, HrbeRUE TR R v BH AR 2
AP RO — RS, SRR 52%, HAR
3 ANEREE SRS R T R EL L AN RIBH AL
S M RIS — 3, SRR 69%. 5 1TS
H1 psbA-trnH R G — S0, At 5 i 2R

Mg KR424757

s HIE 4L KR424752
Mo Feb dbni="" KR424753
i KR424746

i Fie85-5"KR424754
55 ———————Hi % KR424758

3 KR424759

55
[tﬂzﬁi‘ KR424755

80 HiZE KR424756
At ss KR424762
Ak KR424760
K Hith#s KR424763

Wb B KR424761

HASE KR424765

2 ETF NJE (psbA-trnH HU3E) MERSK L EH
Fig. 2 Phylogenetic tree constructed based on NJ methods
(psbA-trnH data)

s (gD
s dbnO
HEARRE eI
HEAR b=
g GRED
58 I OFHD
HIEARR: 85-5
BT CHRMD

6 4E U GBI
i b
2t Hh
K HHb 3
1AL Hh
R
3 HTF NJE (TS #0 psbA-trnH BES#0E) MERSK
2 HH
Fig. 3 Phylogenetic tree constructed based on NJ method
(combined ITS and psbA-trnH data)
fE—ild, KRN 99%, S FH RGOSR .
ITS H psbA-trnH FFAIkE R ) 70 1 R G S
MBI AR R R R S, AR T
R PRI B R SORAE 2, SCRRERN 68%, RS 5
RHHTRAE B, SCRAD 82%.
3 g
3.1 ET DNA ZFREFTIXHERE S FEEITFM

ABFFEE 0 FE BRI H ) DNA 4B ik Fe
KT LE AT I, BRI S AR LA matK A rbeLl 7
MO 4 A e ) AR A RIS E 100%, HIX 2
AN P AR AR T, EH A, Fh

69

82
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i) 22 Al N 2 5, ANESE N DNA 4T
JPFRZE JE N RERAT o TR e . AW TN
M AT A THORE, WF 45 B R IA% R TR A B
ITS (f04E 1TS2) FAMt2EARKEN psbA-trnH 1Ei%JE
AN B FII 7 B D 2R 3 BEIA 2] 100%, HixX 2
7 HILEH I R AP AR R, SCRFFR AR
I\ A SE IR TTS2 (4 BenT LAy (v [ 24 i)
2015 AFR 244 H i ol oy 350 43 JE AR (0] (1) 2 1 S e
] DNA &M )PH. ST ITS b2k gt (A
psbA-trnH 7 F1) 5% 1 3 JE Fi 1] F0FH Py 1) A8 S 2 By
KW, ITS Al psbA-trnH J7 51 11 2 ol [ A% S 345 K
TAPIF AR S, H 2 4P B R ) d /N AR e
KTF N KA. NI 3T REM T R, #
LD R BEITS Rt &g R 3L psbA-trnH 65 7T LA
RERF Xy o 2500 o J LA S, (AL, ITS
psbA-trnH 751 0] LAAE Jy M 85 )& 4 o 24 0 M 3 2%
581 G AT %8 M A TE R 7 41
3.2 HEPHhEY MR R SRR

5T DNA FIEAHA 1) 73158 8 AL ReHE
Y AR S S0, B REMERA A 2 A
HIEGF RN RRRKERFR, AW - Y R
o HR R SRR P LR A6 b e Py ol
(] (1) FR 48 6 ZR BT 5 SR AR B, it b 3 5 2 (1)
RS RRRIL, 5 Xia AT Albach 250 45 R
SEAr 8. S 2o B ARG (1 DU RHAAN ],
ot 8 A Hofth 4 ANFRYLEAR 20=28, #5900 5RO,
Albach 25y M Bl TTS FERIAEAE m A8 5,
I ETEAFRER Z e, HEWT o 24504 Hh 3 h S5 Y
AR RBFESER ITS 2 7 RS o, theh
oA b B 5 5t B R ) A S, 5 2 b R e
TR R 73 SCRAE kS, SCRFR N 55%, L WIHLE
Bl B I B R e R . 2R
PRAFIPIRN B 43 25 TR 5 A g 240 1 8 5 v B N
A —Hp, MR R Y 4, Bk, ITS 4
T RGN LR A SR RSO R
AT, SRS psbA-trnH 4T R 45 5L 5
TN, A LI S B A R 4y 3, R
TOFIR H 2R ) 23 SRR, SCRFE N 55%
FEX TAZEE D I XCE A , AR BE R AR T )
o REEAEDY, DRk, S DY £ A B i R
B8 AR A AR DI R, KE M
BT] B PUAS R R S R0 1 75— AN SR AR

rh 2R L AR A IS A D s, B

X157 17 70 4 55 W R A% FLR T AR5 4. AwE
FUREFEN ITS FIFEE psbA-trnH (1) BURE B (0, 45 3
TR AR, R R AR R S . A%
FERLITS FOF 2R FE R psbA-trnH B 104> 7 &R
Gept b, IR B EORE 3 AN Rk S R TR
ME L AN R B ARG T EURE A B A AR SR A —
i, SCRFRR 69%, i [RIFE X — 43 SCAE 5 R 3
A psbA-trnH (4> 7RG LA RS FF . xhnf
SRARIEIN psbA-trnH B HLA5 R4 HT 45 B R 1, M
BEEP A RGBS AT 4 AN AR, T R i LR
3 NEREE PR R L O R R BH EURE (1
RS AR, IR 3 N EAR LS
ISR . MO AL 3 AN BT AR AR . X R
BESOE EL AR b b, s S B 2 R O B
BEAR o 3L 22 R B 1 R B3 i e 1 N Sk 4 |
At B 2 5 R R R R TG AR AR RN, BA
BB DAY I 1) PR R T, v 24 1R A A U AR AR A
VISR AR D, I TR, AT 2
AR BB SR i 2 IR, P A AR )
PARARS 5 T P2y R I R e,
QRN S I ST TN o o i (TR M e A
X5 (1 B A AR o A 9T ) b B 1) DNA 4% 15
U e S rp 2 A8 b B B R U AT A IR
BT 2y b s AR B i Rl A%, Horb 2541 itk
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