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Abstract: Rubia cordifolia L. has been used as a traditional Chinese medicine for several centuries. In
recent years, the resources of wild Rubia cordifolia have been declined sharply due to increased utilization and
rising price. Therefore, it is of great urgency to evaluate and protect resources of wild plant of Rubia cordifolia.
In our study, sixty-four individuals that represent eight wild populations of Rubia cordifolia L. were analyzed by
Start Codon Targeted Polymorphism (SCoT) molecular markers. Genetic distance was calculated by POPGENE
3.2 software, cluster analysis was generated by NTSYS 2.10 software based on UPGMA method and Mantel Test
was used to analysis the relationship between the genetic distances and geographical distance among the wild
populations. The results showed a high genetic diversity of wild populations of Rubia cordifolia L. in Shaanxi
province. A total of 182 bands were produced by 14 primers, among which 163 bands were polymorphic bands,
and the percentage of polymorphic bands was 89.56%. The average value of Nei’s genetic diversity index (H)
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was 0.293 6, Shannon’s information index (/) was 0.444 6, genetic differentiation coefficient (Gst) was 0.5553,
and the gene flow (Nm) was 0.440 8, the wild populations were ranked by genetic diversity: AK >YL>SL>BJ>
TC>YA>WN>XY. Mantel Test analysis demonstrated that the significant correlation was found between the

genetic distances and geographical distances (r=0.7764, P<0.05).

geographical and genetic distances.

of the resources of wild Rubia cordifolia L. germplasms.

There is a significant correlation between

This study provides a theoretical basis for the protection and development
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Figure 1 Geographical distribution of Rubia cordifolia popula-
tions sampled in Shaanxi
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Table 1 Details of populations of Rubia cordifolia sampled in Shaanxi
Population site No. ;efrp;irrl;fl:ggzmed Collection name Latitude Longitude Altitude/m
Xianyang (XY) 8 XY1-8 3472121" 108 "43123" 402
Weinan (WN) 8 WN1-8 34'59'31" 10928'17" 563
Baoji (BJ) 8 BJ1-8 34°03'07" 107°17'56" 1533
Tongchuan (TC) 8 TC1-8 34'5423" 108°59'48" 726
Shangluo (SL) 8 SL1-8 33'41'10" 109°07'04" 990
Ankang (AK) 8 AK1-8 32'49'50" 10922'04" 352
Yanan (YA) 8 YAI-8 35"34'45" 109°15'41" 832
Yulin (YL) 8 YLI1-8 38'16'45" 109'42'44" 1123
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Table 2 List of the SCoT primers used in this experiment
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SCoT Primers sequence (5'—3") SCoT Primers sequence (5'—3")

SCoT4 ACGACATGGCGACCATCG SCoT39 ACCATGGCTACCACCGAC
SCoT5 ACGACATGGCGACCACGC SCoT42 ACCATGGCTACCACCGGC
SCoT8 ACCATGGCTACCACCGCA SCoT44 ACGACATGGCGACCCACA
SCoT20 CCATGGCTACCACCGGCG SCoT45 CACCATGGCTACCACCAG
SCoT22 CCATGGCTACCACCGCAC SCoT50 CCATGGCTACCACCGGCC
SCoT24 CATGGCTACCACCGGCCC SCoT51 GCAACAATGGCTACCACC
SCoT38 ACGACATGGCGACCAACG SCoT65 ACAATGGCTACCACCAGC
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Figure 2 Result of gel electrophoresis of PCR amplification products of all samples of Rubia cordifolia produced with primer SCoT-21

Table 3 Polymorphism of amplification results produced by
SCoT primers

Primer Band Number of Percentage of
generated  polymorphic band polymorphic band/%

SCoT4 12 11 91.67
SCoT5 15 14 93.33
SCoT8 12 11 91.67
SCoT20 14 12 85.71
SCoT22 12 10 83.33
SCoT24 13 11 84.62
SCoT38 14 12 85.71
SCoT39 15 13 86.67
SCoT42 11 9 81.82
SCoT44 12 11 91.67
SCoT45 13 13 100

SCoT50 14 13 92.86
SCoT51 11 10 90.91
SCoT65 14 13 92.86
Total 182 163 89.56
Average 13 11.64 89.56

Table 4 Genetic diversity of eight wild populations of Rubia cordifolia based on SCoT marker.

PEH N 86.67%. 14 2551910 2 451 H 4 L ia
79 81.82% (SCoT42)~100% (SCoT45).
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POP: Population; N: No. of plants

collected per population; Na: Observed number of alleles; Ne: Effective number of alleles; H: Nei's gene diversity; /: Shannon's information
index; NP: Number of polymorphic loci; PPB: Percentage of polymorphic loci; Ht: Variability within population; Hs: Total variability;

Gst: Diversity among populations; Nm: Gene flow

POP N Na = SD Ne + SD H+SD I+SD NP PPB Ht Hs Gst Nm
XY 8 1.3187+0.4673 1.1900+0.3160 0.1135+0.1769 0.170 7 £0.259 4 58 31.87

WN 8 1.3516+04788 1.1863+02981 0.1152+0.1698 0.176 7 +0.2519 64 35.16

BJ 8 1.3626+0.4821 1.2164+0.3302 0.1289+0.1836 0.1939 +£0.268 4 66 36.26

TC 8 13736+04851 1.2156+0.3243 0.1298 +0.1814 0.1936 +0.266 1 68 37.36

SL 8 1.3846+£0.4878 1.2273+0.3317 0.1360=0.1852 0.2047 £0.270 8 70 38.46

AK 8 14341+04970 1.2486+0.3345 0.1501+0.1865 0.2272+0.2729 79 43.41

YA 8 1.3626+0.4821 1.2088+0.3248 0.1252+0.1803 0.1893 £0.263 8 66 36.26

YL 8 1.3681+04836 1.2552+03662 0.1458+02001 0.2138+0.2883 101 36.59
Total 64 1.8956 £03066 1.4956+03452 0.2936+0.1676 0.4446+0.2230 163 89.56 02936 0.1306 0.5553 0.4004
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Figure 3 Relationship between geographic and genetic distances
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Figure 4 Cluster analysis of 8 wild populations based on SCoT
marker
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Table 5 Results of analysis of AMOVA of SCoT method of eight wild populations

Source of variation Degree of freedom

Variance components

Genetic differentiation

TSN
Percentage of variation/% coefficient (DST)

Inter-population 7 15.2573 52.91 0.529 1
Intra-population 56 13.578 1 47.09
Total 63 28.8354

Table 6 Genetic distance (below diagonal) and genetic identity (above diagonal) of eight wild populations based on SCoT marker

POP XY WN BJ TC SL AK YA YL
XY 0.8437 0.8379 0.8281 0.7642 0.8308 0.8312 0.7046
WN 0.1699 0.8567 0.8275 0.7887 0.8322 0.7727 0.6575
BJ 0.1769 0.1547 0.8721 0.8386 0.8397 0.7856 0.6435
TC 0.1886 0.1893 0.1368 0.8287 0.8421 0.8295 0.6518
SL 0.2690 0.2374 0.1760 0.1879 0.8516 0.7977 0.6248
AK 0.1854 0.1837 0.1747 0.1718 0.1607 0.8664 0.6644
YA 0.1849 0.2579 0.2413 0.1870 0.2260 0.1434 0.6813
YL 0.3501 0.4193 0.4408 0.4280 0.4704 0.4089 0.3838
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Figure 5 Cluster analysis of 64 wild individuals based on SCoT marker

RPN ERE, KB T B4 56 MRl B A
BARECH 0.790 A4 = HiRIFE R A 7 NEHE, 3508
[a(XY1-XY8). Ib(WNI-WNS8). Ic (BJ1-BJS).

[ d (TCI-TC8). Ie (AKI-AKS). If (YAI-YAS).

[ g(SL1-SL8). KE I AH YL B#f, KIXA YL1.

YL2. YL5. YL7. YL8. YL3. YL4. YL6. MK
A DUE B, 38 E R B iR ME YL AT YL2.

g

Fob o BRI U AT LA 25 F AL (K 3845 7 b B
ORI 52k 8 2L (0 SRR LA, 17 8 A% 2 REPE T T2 Bl
JoR BT U LA A, R (R 8A% AE ERE E
L NS0 B B Ayl 36 1A BE D B S, A Vi B A
;U4 DNA G F AR RN R BRI . Bk 24

SRS AR T, Horf Chen ZEPVFI psbA-trnH.
matK Fl rbcL X 36 55 HyR A & 36 58 HAth 8 ™M
FHULE S PFS. )IARAT . BT R Fi R B,
psbA-trnH+matK+rbeL A& 75 HE1E N DNA 5B
H ot o 5 e HLIR O W HEAT S E . Xia ZEMRT S oR
psbA-trnH 3 1 Z2 i b4 AT K ot R AN [R] JE BEAE AR R N
— &R, WHEEHITZGM pshbA-trnH 55 {5 8] 15 4% IR
254 0.007 51~0.193 38, 3z KT~ Fl P a8t 4% 25 25 ) 0~
0.003 72. Dong %PNEH psbA-trnH S EIE 7 A
S A P BRI (1) 35 A% 22 PRI 5 U 3% B R A b X B
AV EBAESMEE 2. BN IE, R IR
F o3 F b B AR X 36 BRp Py 38 A% 22 R PR HEAT 20 BT 19
ISR

SCoT fEN—F# B o Fhric AR CIEZ P A H

YRR ST ML 2> KA AR B M5 05 TR FEE AR, WAL Z R TR ST b 15 2 7 BON R B A,

£ 245 RTREL D 1) 38 A% 22 R PR AT 9 o 0 2 P A0 B0 R
gl B R A F AR IR S R EAE TP AE DNA

H 2 PENE S U PR 0F U SR A% KT I Y B 22
cHEUS . B B [k I 24 0 P —, E Bk 4y



¥ 5e45: AT SCoT Fric MRk™ o R0 28 i A% 22 Fe 1R 20

+ 1627 ¢

i)z AR EBENAGHANEMETE L. KR
FIF SCoT 2 FARCHE AR K E 8 ANpkr= v B4
JEBEN 64 I APRLEAT T REGIIAE Z FEME AT, 14
51y e R 182 &A1, Kb 163 ZANZ S
&y, BAGIMEY A R 13 K, 2AEES
ELyE 78 81.82% (SCoT42)~100% (SCoT45) 2 i,
S 89.56%, W] SCoT ARit e o i3k K 41 p A,
HEFEMZAEM. POPGEN 3.2 0 Hriis, FEA K
(1) NP\ PPB. H I I 5T A Se— J& BE I B
AMOVA J3#7 Hil Nei’s [118 % 2 K V5 B 77723743 1)
WAL REAHEL, 43008 OST=10.529 1 Al Gst =
0.555 3, 5107~ B 7= o 5 BT AR ol 5 % R 1 30 4% £
P 2 3 AT 7E JE R IR), D O 7 SR IR A it B R R
BEZ MR EREHE .

Bk 7= 96 T A R B 2 R PRI (R Nm=0.440 8 < 1,
BRI [N AT 7™ EE A2 B . R SRR ] ) 2 A
W T IR . Bl AR AR DL R 4 5
FEW) R IR A 34T, LR ek ARl (9 H
& BT, AR ST E TR RO B A AR,
FHE WU b 2 B RELIRT 1 A8 R AURD T A B I BE DR, 2
5 BB = P R AR R (]IS A4 S ) B R AL
M TN N S ok R 5 M B IR B8 18] 774 — 52 FO AR
FepER020 A yi@E st Mantel 3B 45 7 B2 3 B[]
S A A1) ) 35 A% B B S B PR S A B R Ok
PE (r=0.7764, P<0.05), 5 FIAM Hi—3. RE0Hr
GERRE, MEKF L, SCoT ARiC AT LA 4 &
AR R SRR A 2, ok TR — DX A A
R, fEEEKT L, 8 ANEEA R AWK,
Hp R M E R A R —2, K 7 A4
RN, MR R ER, kA KPR
BH. A9, JE AR I TR —2K, WA —AN 2T
B T3 B AR (1 [ 7 R T AR R G B
RISl

25 L RTIR, AHEFCR I SCoT 4 FAnicid & it
A7 B8 BB BT YRS AL 2 REVERE AT, AT B U R
B A SR R B ZREMERE G X RIE— T, A
F T B A R AR 9 R B R AT B AT, DA
A 5 FE TR e = v B 38 A B A I R P A4S AR
B 5E R TRt

References

[1] Zhang Z, Huang X. The advance on the research of

pharmacological activities of Rubia cordifolia L. [J]. Mod J

(7]

[10]

(11]

[12]

[13]

Integr Tradit Chin Western Med (HUACH PG & 45 & 24+ &),
2007, 16: 2172-2173.

Li H, Xiao L, Zhang J, et al. The advance on the
research of chemistry and pharmacological activities of
Rubia cordifolia L. [J]. J Chin Med Mater ("FZj#1), 2016,
39:1433—-1436.

Chen Y, Fan G, Liu Y, et al. Identification of traditional
Chinese medicine Rubia Radix et and its adulterants using
DNA barcodes [J]. Chin Pharm J (*'[E 24244 %), 2015, 50:
1266—-1272.

Xia Z, Wang L, Li H, et al. Molecular authentication of
Rubia et Rhizoma based on psbA-trnH gene sequences [J].
Lishizhen Med Mater Med Res (I H & [E%4), 2016, 27:
374-376.

Dong M, Yue W, Hang Y, et al. Analysis on genetic diversity
of Rubia cordifolia from various geographical populations in
Henan province [J]. Chin Tradit Herb Drugs ( 1 %.%5), 2013,
44:2600-2604.

Loreau M, Naeem S, Inchausti P, et al. Biodiversity and
ecosystem functioning: current knowledge and future chal-
lenges [J]. Science, 2001, 294: 804 —808.
Zeng S, Xiao G, Guo J, et al. Development of a EST dataset
and characterization of EST-SSRs in a traditional Chinese
medicinal plant, Epimedium sagittatum (Sieb. Et Zucc.) Maxim
[J]. BMC Genomics, 2010, 11: 94.

Collard BC, Mackill DJ.  Start codon targeted (SCoT)
polymorphism: a simple, novel DNA marker technique for
generating gene-targeted markers in plants [J]. Plant Mol
Biol Rep, 2009, 27: 86—-93.
Chen D, Zhao J, Liu X, et al. Genetic diversity and genetic
structure of endangered wild Sinopodophyllum emodi by start
codon targeted polymorphism [J]. China J Chin Mater Med
(P E 24 &), 2013, 38: 278-283.

Li Z, Xin B, Yang H, et al. SCoT genetic diversity of plants
Guihaia () FHfE1), 2014, 3: 008.

Chen D, Cui G, Zhang X, et al.

in Paris [J].
Genetic structure and genetic
diversity of Artemisia annua varieties (strains) populations
China J Chin Mater Med ( *
rhz 2k &), 2014, 39: 3254-3258.
Zhang W, Hang Y, Xue H, et al.

based on SCoT markers [J].

SCoT analysis on genetic
diversity among wild populations of Leonurus artemisia in
Henan province [J]. Chin Tradit Herb Drugs ( " %.%5), 2013,
44:1022-1026.

Xiao C, Zhou T, Jiang W, et al.  Analysis of genetic diversity
of cultivated Eucommia ulmoides from Guizhou Province by

phenotypic traits and SCoT markers [J]. J Chin Med Mater



+ 1628 -

#j %% 2%} Acta Pharmaceutica Sinica 2017, 52 (10): 1621 —1628

[14]

[15]

[16]

[17]

(B Z4%1), 2014, 8: 008.

Prado-Martinez J, Sudmant PH, Kidd JM, et al. Great ape
genetic diversity and population history [J].
499: 471-475.

Khan S, Mirza KJ, Abdin MZ.

Nature, 2013,

Development of RAPD
markers for authentication of medicinal plant Cuscuta reflexa
[J]. Eur Asian J Biol Sci, 2010, 4: 1-7.

Xun Y, Hou B, Geng L, et al. Evaluation of genetic diversity
and population structure of Bletilla striata based on SRAP
markers [J]. Acta Pharm Sin (Zj2%2%)), 2016, 51: 147—
152.

Cha M, Zhao Y, Li J, et al. Lycium barbarum L. sequence-
related amplified polymorphism (SRAP) cluster analysis prin-
cipal coordinates analysis genetic diversity [J]. Acta Bot

Bor-Occid Sin (¥ b 2%4k), 2016, 36: 681—687.

[18]

[19]

[20]

(21]

Chai X, Dong R, Liu W, et al. Optimizing sample size to
assess the genetic diversity in common Vetch ( Vicia sativa L.)
populations using start codon targeted (SCoT) markers [J].
Molecules, 2017, 22: 567.

Ai Q, Zhou T, Jiang W, et al. SRAP analysis on genetic
diversity for germplasm resources of Dipsacus asper [J].
Chin Tradit Herb Drugs (H1%224), 2013, 44: 2155-2159.

Ren PY, Pan MQ. Population genetic structure of five
amorphophallus species from the south of Yunnan province
by inter-simple sequences (ISSR) markers [J]. J Wuhan
Univ (Nat Sci Bd) B KZEHR (HRBER), 2013, 59:
99—-104.

Zhu T, Jing L, Du T, et al. Genetic diversity analysis on
Ephedra intermedia from Gansu based on ISSR [J]. Chin

Tradit Herb Drugs ("1 #.24), 2014, 45: 1764—1768.



