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Abstract: Polygonatum Mill. (Asparagaceae) is a pharmaceutically important genus with many species are of
significant medicinal value. Taxonomy and interspecific identification of Polygonatum species have long been con-
troversial due to their considerable morphological variation, wide geographic distribution, complex speciation
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processes, and lacking of high-resolution molecular markers. To evaluate species discrimination power of 14
plastid divergence hotspot regions (candidate sequences) and their combinations in Polygonatum, a total of 166
individuals from 32 populations representing 15 medicinal Polygonatum species distributed in China were sampled
for study. The interspecific and intraspecific genetic variation of each sequence and sequence combination were
estimated, and tree-based and pairwise genetic distance (PWG-distance) methods were applied. The results indicated
that except for trnT-trnL, the designed primers for all the other 13 candidate sequences showed good universality.
Varying degrees of overlaps were detected between intraspecific and interspecific genetic distances in each of
the 14 single candidate sequences and their combinations. Nonetheless, overlaps in the combined sequences were
significantly lower than those in single sequences. Species resolution of the 14 single sequences were 6.67%-40%
and 20% —60% based on tree-based and PWG-distance methods, separately. The combined sequences possessed
higher species-resolving power with 40%—73.33% by tree-based method and 46.67%—73.33% by PWG-distance
method, accordingly. Among them, the combined sequences CO and C1 (in both tree-based and PWG-distance
methods), C2 and C3 (in tree-based method), and C25 (in PWG-distance method) all showed the best resolution
degree of 73.33%, indicating that combination of sequences could effectively improve species discrimination power.
In addition, sequences psal-rpl33, rps16-trnQ, trnF-ndhl, trnT-trnL, trnK-matK and atpF all exhibited relatively
higher species-resolving degree, which could be used as specific molecular markers for the identification of medicinal
Polygonatum species, and we propose the combination of psaJ-rpl33+rps16-trnQ-+trnF-ndhJ+trnK-matK+atpF as
the most ideal high-resolution molecular marker for discriminating the medicinal Polygonatum. This study will
provide a basis for conservation and utilization of germplasm resources and accurate identification of medicinal
Polygonatum, as well as standardizing the market for Polygonati Rhizoma.
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Table 1 Voucher information of the studied samples
Species Number of Locality Sample number Voucher number
samples
P. acuminatifolium 7 Baishan City, Jilin Province ACbs1-ACbs7 1 L 2022 wuye jl

Cltb1-Cltb4

P JY 001 tb

Clab1-Clab10 2 L 2022 juanye sc

P. cirrhifolium 16 Taibai County, Baoji City, Shaanxi Province
Aba Tibetan and Qiang Autonomous Prefecture, Sichuan Province
Xianyang City, Shaanxi Province
P. curvistylum 9 Aba Tibetan and Qiang Autonomous Prefecture, Sichuan Province
P. cyrtonema 8 Yichang City, Hubei Province
Guiyang City, Guizhou Province
Guangzhou City, Guangdong Province
P. filipes 19 Liancheng County, Longyan City, Fujian Province
Nanping City, Fujian Province
P. franchetii 10 Bazhong City, Sichuan Province
P. gracile 4 Taibai County, Baoji City, Shaanxi Province
P. involucratum 2 Taibai County, Baoji City, Shaanxi Province
P. kingianum 10 Shimian County, Ya’an City, Sichuan Province
P. macropodum 3 Longhua County, Chengde City, Hebei Province
P. megaphyllum 2 Taibai County, Baoji City, Shaanxi Province
P. odoratum 24 Mei County, Baoji City, Shaanxi Province
Cuiji Mountain in Taibai County, Baoji City, Shaanxi Province
Ecological Park in Taibai County, Shaanxi Province
Baishan City, Jilin Province
P. sibiricum 18 Longhua County, Chengde City, Hebei Province
Zhenba County, Hanzhong City, Shaanxi Province
Cuiji Mountain in Taibai County, Baoji City, Shaanxi Province
Bald Mountain in Taibai County, Baoji City, Shaanxi Province
Xianyang City, Shaanxi Province
P. verticillatum 16 Zhenba County, Hanzhong City, Shaanxi Province
Mei County, Baoji City, Shaanxi Province
Bazhong City, Sichuan Province
P. zanlanscianense 18 Zhenba County, Hanzhong City, Shaanxi Province

Mei County, Baoji City, Shaanxi Province
Taibai County, Baoji City, Shaanxi Province
Yichang City, Hubei Province

Clxyl, Clxy2
CUabl-CUab9
CYycl
CYgyl-CYgy5
CYgzl, CYgz2
FIjj1-FIjj9
FInp1-FInp10
FRbz1-FRbz10
GRtb1-GRtb4
INtb1, INtb2
KIsm1-KIsm10
MAdI1-MAdI3
MEtb1, MEtb2
ODml
ODtb1-ODtb9
ODsy1-0ODsy4
ODbs1-ODbs10
SIth1-SI1h8
Slzbl, SIzb2
SItb1, SItb2
SIln1-SIIn3
SIxy1-SIxy3
VEzbl1-VEzb4
VEmI-VEm3
VEbz1-VEbz9
ZAzbl

ZAml, ZAm2
ZAtb1-ZAtbS
ZAycl1-ZAycl10

15_Y 2022 juanye

10_L 2022 chuiye sc
9 L 2022 duohua_hb

12 ZMY P gz

14 Y _2022_duohua_gd
3_L 2022 _changgeng gx
4 L 2022 changgeng_fj
7_L 2022 juyao_sc

P_XGJ_001_tb
P_EBHJ 001 _tb

5 L 2022 dian_sc
P RH 01 cd

P DBHJ 001 tb
21-009_mx

P_YZ 001 _tbcjs
P_YZ_001_tbsty

8 L 2022 yuzhu jl
P_huangjing 01 cd

21-031_zb
P_HJ 001 tb
P_GTS_ 001 tb

Y_2022_huangjing 01_xy

21-028_zb
21-006_mx

P LY 01 sc
21-034_zb
21-004_mx
P_HBHJ 001 _tb

11_L_ 2022 hubei_hb
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Table 2 Information of the 14 sequences, designed primers and PCR amplification procedures

Sequence name Primer name Primer Primer sequence (5'-3") Annealing temperature/°C

trnL-ccsA Ml MI-F ACACGCTGCTCTTAGGAAGC 56.5
MI-R CCATACTGCTCCAGAAAGAATACC

trnV-trnM-atpE M13 M13-F GCCTAGCATTGAATGGGCTGGGTA 59.5
M13-R TCTGATGGGTGGTTTCGCTAG

rpl14-rpl16 Ml14 M14-F CATTCAAAAGGGTCTGAGGTTG 55.6
MI14-R CGGTTCTGTAGTAGAGGTGGGATTA

yef3 M17 M17-F TTATGAACTGACAGGAGCTGGTATT 57.2
M17-R TACGCTTAGTGAAGGTCAAGTTTGGAGA

atpF M18 MI18-F CGTTCATTCGATACTCATCTGC 51.3
MI18-R CCATAGCATTTCGTTATTCATTG

cesA-ndhD M2 M2-F GGTATTCTTTCTGGAGCAGTATGG 54.3
M2-R CTTTCGCTATCAGTTGACAAGG

trnF-ndhJ N10 N10-F CGGGATAGCTCAGTTGGTAGA 55
N10-R GATGCCAGAAAGTTGGATGG

psal-rpl33 N14 N14-F GCGCCTGTGCTAACTACTCTAT 56
N14-R CGACCCGAACCTAAGAAGAC

rps11-rpl36-infA N15 N15-F ACGTGAACCAATACGTCCATTC 56.6
N15-R GGATACTGCCGGGAGATAGAGT

trnK-matK N17 N17-F CTACACTACTTACACGGGCATTTC 55.9
N17-R GGAACCTTTCTTGAGCGAACAC

trnT-trnL N18 N18-F TAAGCGGGCTCACATAACAG 51.8
N18-R GAAGGGTCGATATTCTTTCTT

vefl N4 N4-F GTGAGTAACGTATCAAAGCCACTT 53.2
N4-R ATGCGATGATGAGAATGAACAA

rps16-trnQ N7 N7-F ATTCAAGTACCAAGGGTTCACAA 55.8
N7-R CTTCCGTCCCAGATCGTCTC

rps15-yefl Y2 Y2-F GACTCCCGAATACCTAATTGACC 54.5

Y2-R TCCCGGAATTGGAATGTTGT
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0.008 44~0.011 89, H.r, 214 7 51 C25 [ Fl A f2 K
T8 A% P A /0N, C28 IR P i K38 A R A0 ol ) B /)
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C29.C24 AT C30 55 {1 A 5] A A 38 4% B 25 B 103
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(3, 2). Hh, psal-rpI33 75 IRl % 58 70 R
B, N 40%, TR BB Z5 TS P, franchetii Hua 4R 25
G P gracile P. Y. Li\ #3[ 3H P macropodum Turcz.
TN TG P curvistylum Hua Fl 98 P, involucratum
(Franch. & Sav.) Maxim.6 ™) Ff (1 F P4 AS [R] AN A 32 g
g LL > 50% I SCHRF R & H R B NBR, PRTh % E;
rps16-trnQ- trnF-ndh) F trnT-trnL 1) 57 $E R 2, 439
AR IN 4 5 5 AR trnK-marK < ces A-ndhD Fl atpF 1]
73 BT S5 5 3 N trnL-ces A yef3 A yefl 1) 53 3
AR, B 6.67%, T M HURE AR 25 500K AR
MR 3 T 2593 o

¥V G AT B T @ RE I S RN
40%~73.33%. HA1, 4575 CO.C1.C2.C3 I4fh %
TE T HER B, Y208 73.33%, BRAG SR P cirrhifolium
(Wall.) Royle EA7T A 35 4§ P verticillatum (L.) All.
FI AL 35 G P, zanlanscianense Pamp. Z 4b, H 4 114>
YIRS E MR LA > 50% B SRR B RN
R, PRI e (BI3A). C4.CT I HERIHN 66.67%,
AT R T % ) 10 SRR C6.C8.C11.C12.C15.C18,
C19.C20 f1C25 (K 3B), C5.C9.C10.C13.C14.C16,
C17.C21.C22.C23.C24 F1 C27, Pk 2 C26.C29.C30.
C31 A1 C32 () W) Al 25 5€ 20 HF AKX 20 5 9 60%-
53.33%.46.67%, F] 73 Al I %5 9.8 [ 7T M A €28

Table 3 Results of PCR amplification, sequencing, and characteristics and species discriminatory power of the 14 sequences based on tree-

based and pairwise genetic distance (PWG-distance) method

Number of identified species/

PCR amplification Sequencing success  Sequence Aligned Variable sites Parsimony discriminatory power (%)
Primer name success rate (%)/ rate (%)/mumber of  receiving sequence (bp)/rate informative sites Treobased PWGdistance
number of samples sequences rate/% length/bp (bp)/rate
method method

trnL-ccsA 100/166 100/166 100 575 14/2.43% 13/2.26% 1/6.67 4/26.67
trnV-tranM-atpE 99.4/165 100/165 99.4 681 25/3.67% 16/2.35% 2/13.33 6/40
rpll4-rpl16 95.78/159 99.37/158 95.18 481 41/8.52% 23/4.78% 2/13.33 5/33.33
yef3 100/166 100/166 100 387 11/2.84% 6/1.55% 1/6.67 3/20
atpF 100/166 100/166 100 600 16/2.67% 16/2.67% 3/20 8/53.33
cesA-ndhD 100/166 100/166 100 457 25/5.74% 23/5.03% 3/20 5/33.33
trnF-ndh] 99.4/165 100/165 99.4 709 27/3.81% 22/3.10% 5/33.33 8/53.33
psal-rpl33 98.8/164 100/164 98.8 535 29/5.42% 25/4.67% 6/40 7/46.67
rps11-rpl36-infA 100/166 100/166 100 348 17/4.89% 13/3.74% 2/13.33 5/33.33
trnK-matK 100/166 100/166 100 646 23/3.56% 18/2.79% 3/20 8/53.33
trnT-trnL 65.06/108 90.47/98 59.04 662 45/6.80% 27/4.08% 5/33.33 7/46.67
yefl 92.17/153 99.35/152 91.57 503 27/5.37% 21/4.17% 1/6.67 4/26.67
rps16-trnQ 96.99/161 100/161 96.99 744 31/4.17% 28/3.76% 5/33.33 9/60
rps15-ycfl 98.8/164 100/164 98.8 697 25/3.59% 20/2.87% 2/13.33 6/40
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Table 4 Interspecific and intraspecific K2P distance of the 14 sequences and their combinations. “Names of the 14 single sequences were

represented by using their primer names

Intraspecific distance

Interspecific distance

Sequence’ Minimum Maximum Average Minimum Maximum Average
Ml 0 0.003 70 0.000 99 0 0.012 47 0.006 07
MI13 0 0.002 60 0.000 73 0 0.013 29 0.006 70
Mi4 0 0.008 36 0.002 34 0 0.023 29 0.010 05
M17 0 0.002 02 0.000 57 0 0.007 90 0.003 12
MI8 0 0.002 70 0.000 73 0.000 48 0.01573 0.007 41
M2 0 0.010 70 0.002 68 0 0.03597 0.020 11
N10 0 0.002 71 0.000 80 0.000 18 0.018 01 0.009 09
N14 0 0.004 95 0.000 81 0 0.021 07 0.010 11
NI5 0 0.003 98 0.001 04 0 0.020 39 0.008 30
N17 0 0.003 27 0.000 62 0 0.010 10 0.005 76
N18 0 0.007 16 0.002 18 0.000 61 0.016 87 0.010 02
N4 0 0.005 39 0.001 70 0 0.018 57 0.007 31
N7 0 0.005 29 0.001 71 0.001 80 0.030 39 0.010 98
Y2 0 0.004 82 0.001 44 0.000 88 0.016 28 0.008 50
Cco 0 0.003 45 0.000 84 0.001 91 0.013 78 0.008 57
Cl 0 0.003 05 0.000 98 0.001 96 0.013 42 0.008 46
C2 0 0.002 99 0.001 01 0.001 81 0.013 85 0.008 68
C3 0 0.003 22 0.001 01 0.001 92 0.013 88 0.008 77
C4 0 0.003 16 0.001 00 0.002 12 0.013 89 0.008 57
C5 0 0.003 24 0.001 03 0.002 15 0.014 42 0.008 92
Co6 0 0.003 36 0.001 03 0.002 05 0.014 24 0.008 82
c7 0 0.003 18 0.001 04 0.001 76 0.014 39 0.009 03
Cc8 0 0.003 46 0.001 07 0.002 00 0.014 85 0.009 22
Cc9 0 0.003 61 0.001 17 0.002 24 0.015 26 0.009 55
C10 0 0.003 32 0.001 02 0.002 06 0.014 97 0.009 18
Cll1 0 0.003 74 0.001 07 0.001 93 0.014 85 0.009 31
C12 0 0.003 59 0.001 08 0.002 02 0.015 14 0.009 29
C13 0 0.003 56 0.001 10 0.002 41 0.015 65 0.009 56
Cl14 0 0.003 92 0.001 17 0.002 27 0.015 32 0.009 73
C15 0 0.003 76 0.001 20 0.002 07 0.015 64 0.009 66
Cl6 0 0.003 31 0.001 02 0.002 00 0.015 06 0.009 27
C17 0 0.003 34 0.001 04 0.002 15 0.015 40 0.009 26
C18 0 0.003 91 0.001 09 0.002 04 0.01527 0.009 41
C19 0 0.003 42 0.001 03 0.002 19 0.015 58 0.009 37
C20 0 0.004 13 0.001 20 0.002 11 0.01572 0.009 87
C21 0 0.003 61 0.001 13 0.002 23 0.016 01 0.009 68
C22 0 0.003 43 0.001 09 0.002 41 0.016 07 0.009 74
C23 0 0.003 57 0.001 12 0.002 31 0.016 65 0.009 91
C24 0 0.003 63 0.001 24 0.002 53 0.018 95 0.01091
C25 0 0.002 96 0.000 91 0.001 94 0.015 44 0.008 44
C26 0 0.003 99 0.001 20 0.002 03 0.018 16 0.010 44
C27 0 0.003 14 0.000 96 0.001 89 0.016 21 0.008 69
C28 0 0.004 17 0.001 37 0.002 16 0.022 55 0.011 89
C29 0 0.003 08 0.000 99 0.002 10 0.017 09 0.009 21
C30 0 0.003 36 0.001 08 0.002 00 0.019 00 0.009 85
C31 0 0.003 41 0.000 80 0.001 12 0.017 94 0.009 52
C32 0 0.003 72 0.001 30 0.001 12 0.020 09 0.010 25

TR, 9 40%, TSR 6 M F

22 ETHEBEZENIMEETH 14 %EED TR
10 77 B 3 T BB VE 70 B W b 35 58 23 HE R N 20% ~
60%, 73 A 3~9 MIFI R ] (K 3). HH, [F
H1| trnK-matK ST 53 A P04 5 43 HE 3 B i, N 60%,
e M TR AR 28 50K RS TKE P megaphyllum P. Y.
Li. BE 25 90KE - R K - L 3K P acuminatifolium
Kom. #Ji ks KA S K P, filipes Merr. ex C. Jeffrey

& McEwan FIHI AL 3RS 3L 9 AN M i b A 5 K38 A% R
T2 359 /N T e 5 A ) Al 1) D i /N 28 4% P T A A ) 25
Ao TrnF-ndhl. trnK-matK F atpF 73 HE R IR 2, BN
53.33%, Al W) % 2 8 MR psal-rpl33 F trnT-trnL,
trnV-trnM-atpE F1 1ps15-ycfl, rpl14-rpl16. ccsA-ndhD
N rps11-rpl36-infA, VLK trnL-cesA F yefl HI¥) T % 8
I3 WEEAR IR SY 5K 46.67%40%33.33% F126.67%, 47
AH 7265 F1 4 AP0 m] B % 248 5 yef3 170 9 i



1549

C

AR X9 (KSR R 25 TR 0 T 22 8

B

="
5]

Wi SR 4G BE T I S (A [R] 28 7 )

A

04 / JUAISJ

S O O
<t 0 AN

04 / JUAISJ

o o 9
<t o0 A

% / JUQIIdJ

0¥20°0-9120°0
9120°0-2610°0
7610°0-8910°0
8910°0-¥¥10°0
¥10°0-0210°0
0210°0-9600°0
9600°0-¢L00°0
TL000-8+00°0
8¥00°0-¥200°0
¥200°0-1000°0
1000°0-0

0¥10°0-9210°0
9210°0-C110°0
C110°0-8600°0
8600°0-¥800°0
¥800°0-0L00°0
0L00°0-9500°0
9500°0-¢00°0
¥00°0-8200°0
8200°0-¥100°0
¥100°0-1000°0
1000°0-0

0€10°0-L110°0
L110°0-¥010°0
¥010°0-1600°0
1600°0-8,00°0
8L00°0-900°0
$900°0-2S00°0
TS00°0-6€00°0
6£00°0-9200°0
9200°0-€100°0
€100°0-1000°0
1000°0-0

K2P distance

K2P distance

K2P distance

0% / UIdJ

9% / U1

=1
o A

% / U021

09€0°0-72€0°0
¥2€0°0-8820°0
8870°0-C$T0°0
TST0°0-6120°0
9120°0-0810°0
0810°0-¥¥10°0
¥¥10°0-8010°0
8010°0-CL00°0
TL00°0-9€00°0
9€00°0-1000°0
1000°0-0

0910°0-¥+10°0
¥¥10°0-8210°0
8C10°0-C110°0
C110°0-9600°0
9600°0-0800°0
0800°0-7900°0
¥900°0-8+%00°0
8100°0-C€00°0
T€00°0-9100°0
9100°0-1000°0
1000°0-0

0800°0-CL00°0
TL00°0-¥900°0
#900°0-9500°0
9500°0-8+00°0
8100°0-0%00°0
0¥00°0-C€00°0
T€00°0-¥200°0
$200°0-9100°0
9100°0-8000°0
8000°0-1000°0
1000°0-0

K2P distance

K2P distance

K2P distance

(0120068100
= 6810'0-8910'0
= 8910°0-L¥10°0
== [$10'0-9210'0
=== 9710'0-5010°0
== 5010'0-/800'0
={ $800°0-€9000
== £900'0-Tr00°0
| 2500°0-1200°0
1200°0-1000°0
1000°0-0

o O O O O O
n <t n AN~

04 / JUISG

0220°0-8610°0
8610°0-9L10°0
9L10°0-¥S10°0
$S10°0-2€10°0
€10°0-0110°0
0110°0-8800°0
8800°0-9900°0
9900°0-#+¥00°0
¥¥00°0-2200°0
2200°0-1000°0
1000°0-0

o000 Qe O
Vv F A~

4 / JUDIDJ

0610°0-1L10°0
1L10°0-CS10°0
TS10°0-€€10°0
€€10°0-¥110°0
¥110°0-5600°0
$600°0-9L00°0
9L00°0-LS00°0
LS00°0-8€00°0
8€00°0-6100°0
6100°0-1000°0
1000°0-0
o o o o

L N ]
% / U1

K2P distance

K2P distance

K2P distance

[ os10°0-1210°0
| 1L10°02510°0
= Z510'0-€€10°0
== €€10071100
== p110'0-56000
el 6600°0-9L00'0
et 9/00°0-L500°0
| £500°0-8£00°0
8£00'06100°0
6100°0-1000'0
1000°0-0

L

NoOMNMoONOoOWNOoOWNnOo
T NN~ —~

04 / JUIISJ

0L10°0-€S10°0
€510°0-9€10°0
9€10°0-6110°0
6110°0-¢010°0
2010°0-S800°0
$800°0-8900°0
8900°0-1500°0
1S00°0-¥€00°0
$€00°0-L100°0
L100°0-1000°0
1000°0-0

K

f=3
@

10

s}

25
0

[=2a) oSN
< Q-

%/

45

IVERNEE |

[ 0110°0-6600°0
= 6600°0-8800'0
== 8800'0-LL00"0
== 1100'09900'0
=== 9900'0-5500°0
== ¢500'0-b00'0
= $00°0-€€00°0
| ££00°0-2200°0
2200°0-1100°0
1100°0-1000°0
1000°0-0

d

SO O0O0C OO O OO
OOV TF O~

% / JUQdId]

K2P distance

K2P distance

K2P distance

M intra
M inter

n O n o
N A~ =

4 / JUAISJ

SUNOoONOoOWNOoOno
NN AN~ —

4 / JUAISJ

0LT10°0-€S10°0
€510°0-9€10°0
9€10°0-6110°0
6110°0-2010°0
2010°0-5800°0
$800°0-8900°0
8900°0-1500°0
1500°0-¥€00°0
¥€00°0-L100°0
L100°0-1000°0
1000°0-0

01€0°0-6L20°0
6L20°0-8%20°0
8¥20°0-L120°0
L120°0-9810°0
9810°0-SS10°0
SS10°0-¥C10°0
¥210°0-€600°0
€600°0-2900°0
7900°0-1€00°0
1€00°0-1000°0
1000°0-0

K2P distance
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Percentage distribution of interspecific and intraspecific K2P distance of the 14 single candidate sequences. A: trnL-ccsA; B:

trnV-trnM-atpE; C: rpl14-rpl16; D: ycf3; E: atpF; F: cesA-ndhD; G: trnF-ndhl; H: psal-rpl33; 1: rps11-rpl36-infA; J: trnK-matK; K: trnT-

trnL; L: ycfl; M: rps16-trnQ; N: rps15-ycf1

Figure 1
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Figure 2 Neighbor-joining trees inferred utilizing each of the six high species-resolving power sequences. A: psal-rpi33; B: rps16-trnQ;
C: rnK-matK; D: trnT-trnL; E: trnF-ndhl; F: atpF. CUR: P. curvistylum; GRA: P. gracile; SIB: P. sibiricum; FRA: P. franchetii; MAC: P.
macropodum; INV: P. involucratum; FIL: P. filipes; KIN: P. kingianum; ACU: P. acuminatifolium; CYR: P. cyrtonema. Numbers along

branches are bootstrap values
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Figure 3 Neighbor-joining trees inferred utilizing the combined sequence datasets. A: C1; B: C25. MEG: P. megaphyllum. Numbers along

branches are bootstrap values

fi%, 2920%, AT B 40 3 AN

33 AL A 51 3 T PR S VR PR % 5 a0 b 45 R
& 7~, CO.CL FC25 MW Fh % 2 or H R A i, YN
73.33%, Hr, CORIC1 ¥ AT S0 B 3k R 1T %
SRS AT AL RS 2 AR HE R 11 AN, 5 WL
Hrad B — 3 C25 TS RIBR G I Bk L BAT R R
AR Z AR 1AM R, C2.C3.C4.C5.C6.
C7.C8.C10.CI12.C16.C17.C19.C23.C29 F1 C32 #]
SRR Z, IR 66.67%, W] 4 5 10 M F; 9.
C11.C13.C14.C15.C18.C20. C21.C22.C24. C26.
C27.C30 F1 C31 I Fh % 78 4 HE 53 5 60%, v] 1)
Y 9N C28 I 4r R A IR, N 46.67%, 7 H &K
YT AR

g

51 Py FH 1 S VRN P s 8 T RR IE ) — AN B
FabRU> . AHE N SRS B R SR AR A R R 14 4
il 1A 7 A8 X e 51 4, Lk PCR 731 I 7 K 4 T %
SE 1M, SRE VAL OGS SRS R 24 F R A ol ) 5 0 300
g5 WG IR, B N18 (trnT-trnL) K] PCR 3™ 14 1% 2 - A0 %)
K (65.06%) 2 4k, H4x 13 5%F 51 ¥ H) PCR 3™ 34 A1
B 253 500N 92.17%~100% 11 99.35%~100%, H
M1 (trnL-ccsA)<M17 (ycf3)-M18 (atpF)N15 (rpsl1-
rpl36-infA) M2 (ccsA-ndhD) F1 N17 (trnK-matK) ]
PCR 4™ 38 FU /5> B T % 358 100% . 15 B B trn T-trmL
Gb, R 13 %755 s B h ) BA RIF
)38 F 1

Cong Z5CUXT o 24 4 BRE B IR PR (1 9 7 % 78 o

By 5 45 H - G4 35 (R 18] X 471 rpl20-rps 12 AT LXK 43
BORE 2 ACTERS R R, (B R A ] DU RO R
JEH AWM, A F it — . AR AR
M BEAG 3 AN R JE PRI LE N I B 8 15 /N 25 R i 23
FURESWTEREIR, rnT-trnL 7 5155357 58 %5 591
ELFE BORS 2 16 50K I SRS 7E N 1K) 8 NI arpF fig
LRI ERS 2 AR AE A 1) 8 NHY trnF-ndh) [
trnK-matK J7 5L 53 B 35 Be %5 8 00 45 2R L B RS
FEN I 8 ANl 45 /741 CO.C1.C2.C3 fE %558 B35
FRE 2 ARER EFRENK 11 R . X T
B e 7 91 S L2 64 D v 246 S8R R S A o B TR Py
v PRI 65 ) 2 AL P AR BT

Yan SEC0] TR T 24 FH A P - A 4 R R 4 ) A
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rpl33 . rpl32-trnl F1 ndhG-ndhl % 6 25 J7° 51 35 2 I 55¢
e I (] A2 S5, Forhr, psad-rpl33 BEWE A 20X /91 L 35
K 5 TR JB AR P, AT DAAE SR BORS J& B A) 45 5 1) 43
Fhric. Long 00 #0OKS J& 7 4> 25 W0 Fh 23 40 A i
15 T % 58 7 W 45 B35, trnKematK J7 51 1 F [R) 45
JE R R, Re A RUX G SRS L BORS L RAT AR
14 P. punctatum Royle ex Kunth FH AL %8s, W 1E N3¢
1 8 25 FHAEY) % 7€ [P DNA 25 T2 RS o B 50 %) 56 8
1525 YRR B 32 4N & #E 3L 166 MR AR T 2
FUE NG RERW, psal-rpl33 F A AL 43 HTRENS
RCEE N BORG  BE 24 BORG AR 25 B0ORS L P BORG L 2 3
RS A B BORS 6 /NMFh (GEE) BURORG L PR 24 BORS A
R 25 B8R BT BEORG L T SRS L R ORE R OK R T R
TR (BE27E); trnK-matK 73 BT 0] 4 20% 1 9%
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i 24 KGR KA RS 3 N R CERZE) SRG B
TR VKRR ORI SR AR ZE TR KR TR
TR HEORE A TR 8 MR (FEESVE). DAL, SCERI
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B X 73 % 53 F A 2800 T ic
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v R R [R) AR S, AT AR Ry 8RS J R A ol ) 5 19 AR
ST RRId . AT AT 45 RIS R B rps16-trnQ F trnT-
trnL JP ) S BB Z WA FAL R GLA, 1 4.17% Al
454, (5 E 6.80%) K 151 245 B A (284, 1 3.76%
274, 5 H 4.08%), 9 2 M A7 43 A 2 T 2 RV 1 )
Tl 455 58 43 W R 48N 33.33%, F T B BVE I 4 HE R 4 )
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