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 4 

Abstract: The content of medicinal components of Codonopsis pilosula differ greatly in various 5 

habitats. The development of specific molecular markers is of great significance for the identification 6 

of different varieties of C. pilosula. In this study, 1,379,041 primer pairs were designed based on the 7 

whole genome of C. lanceolata. Of these, 6 pairs of primers were able to amplify polymorphic bands. 8 

We performed genetic diversity analysis and constructed a cluster tree and DNA fingerprint of the three 9 

groups: mixed, wild and cultivated C. pilosula materials. The results were as follows: first, the mixed 10 

materials had an average observed number of alleles (Na) of 7.6667, an average effective number of 11 

alleles (Ne) of 4.6058, an average Shannon's information index (I) of 1.7128, an average expected 12 

homozygosty (Exp Hom) of 0.2118, an average expected heterozygosity (Exp Het) of 0.7882, an 13 

average expected heterozygosity of Nei’s (Ht) of 0.7798, and an average gene flow (Nm) of 0.1281. 14 

Second, the cultivated accessions were as follows: Na = 4.6667, Ne = 2.5956, I = 1.0702, Exp Hom = 15 

0.4234, Exp Het = 0.5766, Ht = 0.5755, and Nm = 0.5253. Finally, the accessions of the wild materials 16 

were as follows: Na = 5.333, Ne = 2.8769, I = 1.2771, Exp Hom = 0.3556, Exp Het = 0.6444, Ht = 17 

0.6433, and Nm = 0.5314. In addition, the results of cluster analysis showed that mixed, wild and 18 

cultivated materials were clustered into 4, 4 and 3 subgroups, respectively. Furthermore, we performed 19 

DNA fingerprinting of 47 mixed materials. These results are valuable for the identification and genetic 20 

analysis of C. pilosula from different sources in Shanxi Province. 21 

Keywords: Codonopsis lanceolata, SSR marker, genetic diversity, clustering analysis, fingerprint code 22 

1. Introduction 23 

Codonopsis is the dried root of Codonopsis pilosula (Franch.) Nannf., Codonopsis pilosula Nannf. 24 

var. modesta (Nannf.) L.T. Shen or Codonopsis tangshen Oliv. Codonopsis wall. belonging to 25 

Campanulaceae Juss. Codonopsis is an herbal perennial dicotyledon. It consists of 42 species in 26 

Central Asia, East Asia, and South Asia, among which there are 40 species from China [1]. Codonopsis 27 

is a traditional medicine for strengthening the spleen, tonifying the lung, nourishing blood and 28 

promoting fluid; thus, it has been used to treat deficiency of the spleen and lung qi, insufficient qi and 29 

blood, internal heat to quench thirst, etc. 30 

At present, the identification of the medicinal components of traditional Chinese medicines is 31 

considered most important for the evaluation of the quality of traditional Chinese medicine. There are 32 

great differences in the medicinal components of Chinese herbal medicines in different regions. This is 33 

mainly due to the genetic diversity caused by the origin environment, and gene flow has changed the 34 

content of traditional Chinese medicines. Therefore, it was necessary to search for a method to 35 

accurately identify C. pilosula in different areas. With the development of molecular marker 36 

technology, an increasing number of molecular markers have been used in medicinal plant research. 37 

These markers have been applied in genetic identification and genetic background analysis of species, 38 

such as Rosa chinensis Jacq [2], Valeriana officinalis L. [3], and tartary buckwheat (Fagopyrum 39 

tataricum) [4]. Among various types of markers, SSR markers have the advantages of high 40 

polymorphism, large number and codominance and have been widely used in the identification of 41 

many species, such as Citrus [5], Dendrobium [6], Ophiophagus hannah and Naja atra [7], Capsicum 42 

chinensis Jacq. [8], Camellia sinensis [9], Medicago truncatula [10], Ziziphus jujuba [11], and 43 



Angelica gigas Nakai [12], wheat [13]. 44 

The molecular markers of C. pilosula materials mainly include RAPD [14-17], AFLPs (amplified 45 

fragment length polymorphisms) [18], SSRs (simple sequence repeats) [19], ISSRs (intersimple 46 

sequence repeats) [17,20], EST-SSRs (expressed sequence tags) [21], SRAPs (sequence-related 47 

amplified polymorphisms) [20], and DNA barcode technology [22-26]. However, these markers are not 48 

capable of meeting the needs of identification of C. pilosula resources. In addition, the whole-genome 49 

sequence of C. lanceolata was published in early 2021. These sequences will contribute to the 50 

development of molecular markers of C. pilosula. Many primers for other species, including 51 

Platycodon grandiflorus species, Glycyrrhiza uralensis Fisch species, Docynia delavayi (Franch.) 52 

species, and Valeriana officinalis L. species, have been developed based on genome-wide and 53 

transcriptome sequencing. These markers were applied to germplasm identification, diversity analysis 54 

and gene flow research. 55 

In this study, we designed many markers for C. lanceolata based on the whole genome. Of these, 56 

6 pairs of polymorphic markers were analyzed for genetic diversity, cluster tree construction and DNA 57 

fingerprinting of three groups of materials, including wild, cultivated and mixed materials from Shanxi 58 

Province. These results will be helpful to accurately identify C. pilosula in different regions. These 59 

markers will provide more references for further molecular marker-assisted breeding. 60 

2. Materials and Methods 61 

2.1 Materials and DNA Extraction 62 

The fresh leaves or roots of the cultivars and wild materials of C. pilosula were collected from 63 

various regions in Shanxi Province (Table 1). The materials information is as follows. Fresh leaves and 64 

roots were dried by silica gel. Then, the samples were returned to the laboratory, and all of the collected 65 

materials were kept in a deep freezer (-80℃) for further research. Genomic DNA was extracted 66 

utilizing the SDS method [27]. Moreover, according to the requirements of the experiment, the 67 

collected accessions were divided into 3 groups, including 47 cultivated or wild mixed population 68 

materials (47 M), each consisting of 1 individual; 32 cultivated population samples (32 C), each 69 

consisting of 10 individuals; and 15 wild accession population accessions (15 W), each including 20 70 

individuals, to launch diversity research. 71 

Table 1 47 materials information 72 

Latin name Sampling location Quantity 

Growth 

pattern(C

/W) 

Longitude(N) Latitude(E) 
Altitude(

m) 

Codonopsis 

pilosula 

 

Dongzhang Village, 

Pingshun County, 

Changzhi City 

25 
Cultivati

on 
113°42′10.63″ 36°08′51.83″ 1440 

C. pilosula 

 

Siyuan Village, 

Qinyuan County, 

Changzhi City 

25 C 112°32′99.62″ 36°47′25.17″ 1002 

C. pilosula 

 

Nangou Village, 

Pingshun County, 

Changzhi City 

25 C 113°34′22.47″ 35°98′11.76″ 1381 

C. pilosula 

 

Nanshan Village, 

Wucheng Town, Lishi 

County, Luliang City 

25 Wild 111°44′78.58″ 37°42′18.95″ 1435 

https://scholar.cnki.net/home/search?sw=3&sw-input=Angelica%20gigas%20Nakai


C. pilosula 

 

Hujia Mountain, 

Panquangou, 

Jiaocheng County, 

Luliang City 

25 W 111°27′96.56″ 37°84′90.77″ 1473 

C. pilosula 

Maishan Ridge, 

Licheng County, 

Changzhi City 

25 C 113°31′12.45″ 36°50′12.53″ 868 

C. pilosula 

 

Shijiapo Village, 

Lingchuan County, 

Jincheng City 

25 C 113°44′41.77″ 35°79′60.22″ 1355 

C. pilosula 

 

Xiawujing Village, 

Pingshun County, 

Changzhi City 

25 C 113°41′92.53″ 36°30′04.72″ 968 

C. pilosula 

 

Menlou Village, 

Pingshun County, 

Changzhi City 

25 W 113°57′59.68″ 36°13′43.87″ 1372 

C. pilosula 

 

Menlou Village, 

Pingshun County, 

Changzhi City 

25 W 113°41′04.66″ 35°98′94.25″ 1551 

C. pilosula 

 

Qinshanling, Licheng 

County, Changzhi City 
25 C 113°30′92.83″ 36°50′33.25″ 826 

C. pilosula 

Duanjiazhuang, 

Qinyuan County, 

Changzhi City 

25 W 112°28′55.51″ 36°45′46.36″ 1154 

C. pilosula 

 

Guanzhuang Village, 

Zezhou County, 

Jincheng City 

25 C 112°76′60.47″ 35°57′29.28″ 970 

C. pilosula 

 

Nan Village, Licheng 

County, Changzhi City 
25 C 113°34′57.89″ 36°51′90.13″ 826 

C. pilosula 

 

Menlou Village, 

Pingshun County, 

Changzhi City 

25 C 113°57′85.99″ 36°13′41.06″ 1398 

C. pilosula 

 

Xia Village, Licheng 

County, Changzhi City 
25 C 113°41′62.67″ 36°50′67.93″ 799 

C. pilosula 

 

Yangbai Village, 

Yangbai Township, 

Wutai County, 

Xinzhou City 

25 C 113°08′53.12″ 38°72′32.68″ 850 

C. pilosula 

Liujiagou Village, 

Pingshun County, 

Changzhi City 

25 C 113°47′45.52″ 36°03′50.93″ 1591 

C. pilosula 

 

Shijiapo Village, 

Lingchuan County, 

Jincheng City 

25 C 113°45′53.05″ 35°79′70.79″ 1329 



C. pilosula 

 

Dongzhang Village, 

Pingshun County, 

Changzhi City 

25 C 113°42′10.84″ 36°08′52.27″ 1440 

C. pilosula 

 

Xiaodongyu Village, 

Pingshun County, 

Changzhi City 

25 C 113°45′89.63″ 36°19′93.72″ 1224 

C. pilosula 

 

Muhuayuan Village, 

Qinyuan County, 

Changzhi City 

25 C 112°32′85.88″ 36°46′34.66″ 1004 

C. pilosula 

 

Yeshagou, Jiaocheng 

County, Luliang City 
25 W 111°60′72.55″ 37°78′58.94″ 2125 

C. pilosula 

Yunding Mountain, 

Jiaocheng County, 

Luliang City 

25 W 111°37′01.32″ 37°87′75.40″ 2172 

C. pilosula 

 

Beiwudang Mountain, 

Jiaocheng County, 

Luliang City 

25 W 111°34′25.67″ 37°77′40.02″ 1586 

C. pilosula 

 

Changtiaogou, 

Jiaocheng County, 

Luliang City 

25 W 111°43′61.65″ 37°92′07.99″ 1641 

C. pilosula 

 

Dongyi Village, 

Chengjiachuan 

Township, Lucheng 

District, Changzhi City 

25 C 113°27′27.24″ 36°28′90.57″ 985 

C. pilosula 

 

Wangjia Village, 

Yangbai Township, 

Wutai County, 

Xinzhou City 

25 C 113°08′34.17″ 38°71′05.89″ 867 

C. pilosula 

 

Zheng Village, 

Pingshun County, 

Changzhi City 

25 C 113°42′25.05″ 36°09′11.24″ 1462 

C. pilosula 

Wudang Mountain, 

Shuijiaocheng County, 

Luliang 

25 W 111°37′72.77″ 37°78′06.79″ 2006 

C. pilosula 

 

Beipo Village, 

Pingshun County, 

Changzhi City 

25 C 113°40′91.98″ 36°04′65.64″ 1497 

C. pilosula 

 

Hetou Village, 

Changzi County, 

Changzhi City 

25 C 112°87′41.81″ 36°09′87.07″ 939 

C. pilosula 

 

South of Old Gaoshan 

Village, Datong City 
25 C 112°53′21.01″ 40°04′54.53″ 1261 

C. pilosula 

 

Shijiapo Village, 

Lingchuan County, 
25 C 113°45′11.75″ 35°79′81.88″ 1430 



Jincheng City 

C. pilosula 

 

Dongpodi Township, 

Jiaocheng County, 

Luliang City 

25 C 111°78′67.26″ 37°68′35.56″ 1174 

C. pilosula 

Shijiapo Village, 

Lingchuan County, 

Jincheng City 

25 C 113°44′78.86″ 35°79′80.57″ 1431 

C. pilosula 

 

Shizui Township, 

Wutai County, 

Xinzhou City 

25 C 113°41′40.01″ 38°51′45.89″ 1240 

C. pilosula 

 

South of Huabaotan 

Village, Zuoyun 

County, Datong City 

25 C 112°38′57.28″ 40°03′53.05″ 1417 

C. pilosula 

 

Donghongya Village, 

Zhangjiachang 

Township, Zuoyun 

County, Datong City 

25 C 112°46′59.90″ 40°02′04.67″ 1287 

C. pilosula 

 

Nanshan Temple, 

Wutai County, 

Xinzhou City 

25 W 113°58′23.91″ 38°98′19.57″ 1831 

C. pilosula 

 

Yangqianbao Village, 

Zuoyun County, 

Datong City 

25 C 112°49′35.47″ 39°59′55.85″ 1386 

C. pilosula 

Shijiapo Village, 

Lingchuan County, 

Jincheng City 

25 W 113°44′77.78″ 35°80′93.80″ 1444 

C. pilosula 

 

Nanyukou Village, 

Wenshui County, 

Luliang City 

25 W 111°99′35.26″ 37°43′19.89″ 847 

C. pilosula 

 

Nanlingdi Village, 

Pingyao County, 

Jinzhong City 

25 W 112°33′95.92″ 36°94′06.34″ 1705 

C. pilosula 

 

Liuquan Township, 

Lingchuan County, 

Jincheng City 

25 W 113°46′44.43″ 35°79′38.86″ 1342 

C. pilosula 

 

Zhangjing Village, 

Chengguan Town, 

Pingshun City, 

Changzhi City 

25 C 113°45′53.32″ 36°23′64.95″ 1201 

C. pilosula 

 

Houziping Village, 

Hekou Township, Lan 

County, Luliang City 

25 W 111°39′24.87″ 38°29′39.54″ 1634 

2.2 Analysis of SSRs 73 

According to the published SSR whole gene sequences of C. lanceolata and utilizing MISA 74 



software (httpsa://webblast.ipk-gatersleben.de/misa/), we searched repeat sites of the whole gene 75 

sequences of C. lanceolata. The criteria were that the nucleotide base pairs had lengths of 1 bp, 2 bp, 3 76 

bp, 4 bp, 5 bp and 6 bp. Simultaneously, those repeats had lengths of more than 6, 5, 5, 5, 5 and 5, 77 

respectively, and complex SSRs were less than 100 bp. 78 

2.3 Primer Design 79 

Primer 3-2.4.0 software was used to abstract the 300 bp sequences flanking the SSR repeat site as 80 

a template sequence for the marker. The design norm of the primers was as follows: 30% ~ 70% GC 81 

content, 100~250 bp product, Tm value of 55 ℃ ~ 65 ℃, upstream and downstream primers with 82 

Tm value less than 5 ℃, and 18~22 bp primer length. In this study, the primers used were synthesized 83 

by Sangon Biotech Co., Ltd., China (www.sangon.com). 84 

2.4 Validation of Primers 85 

2.5 Genetic Diversity Analysis 86 

The data matrix was constructed by the genotype statistical method. The diversity data in the 87 

exported cluster tree file were analyzed using popgen32 software. Furthermore, we utilized MEGA-X 88 

and R language to draw clustering tree. The values of genetic diversity analysis include genetic 89 

variation (observed number of alleles (Na), effective number of alleles (Ne) and Shannon's information 90 

index (I)), heterozygous value (expected homozygote, expected heterozygote, expected heterozygosity 91 

of Nei's), F statistics, and Nm. 92 

2.6 Construction of DNA fingerprint code 93 

The DNA fingerprint contained sample numbers, amplified sites and a data matrix of “0,1”. “0” 94 

indicates that there was no amplification site. In contrast, “1” indicates 1 amplification site. The special 95 

fingerprint code of each material can be used to identify the sample. 96 

3 Results 97 

3.1 Repeat Types and Frequency of SSRs 98 

The whole-genome sequence of C. lanceolata was approximately 1.2 Gb. These sequences were 99 

anchored on 8 chromosomes and included various SSR sites distributed between 47271 and 86028 base 100 

sequences, and the average site was between 454.25 Mb-1 and 475.10 Mb-1. In addition, SSR sites of 101 

1-6 nucleotides were universal in all 8 chromosomes. The number of repeat units was negatively 102 

correlated with the distribution of SSR loci in the whole genome. Moreover, mononucleotides 103 

accounted for the majority of SSR loci, followed by dinucleotides and trinucleotides. In total, 104 

mononucleotides and dinucleotides accounted for a considerable proportion of the SSR loci. The 105 

suggested that C. lanceolata may be a species with late origin and high evolution 106 

MISA and Primer 5.0 software were used to analyze repeat SSR loci and the designed primers. We 107 

designed 1379041 primer pairs for C. lanceolata. A total of 350 primer pairs distributed on 8 108 

chromosomes were synthesized randomly, of which 270 primer pairs could amplify bands. Further 109 

analysis showed that six pairs of primers located on chromosomes 5 and 7 amplified polymorphic 110 

bands among different C. pilosula varieties (Fig.1). 111 

 112 

Fig.1 Amplification results of 6 polymorphism primers 113 

3.3 Analysis of Genetic Relationships 114 

All gene variants of 47 mixed samples were analyzed by POPGENE software (Table 2). The 115 

results showed that the Na value ranged from 7 to 9 (mean: 7.6667), the Ne value ranged from 3.7251 116 

to 5.1915 (mean: 4.6085), and the I value ranged from 1.6163 to 1.8584 (mean: 1.7128). Furthermore, 117 

the heterozygosity statistics of all loci revealed that the expected homozygosity range was 0.1839 to 118 



0.2606 (mean: 0.2118), the expected heterozygosity range was 0.7394 to 0.8161 (mean: 0.7882), and 119 

the expected heterozygosity range of Nei was 0.7316 to 0.8074 (mean: 0.7798). At the same time, 120 

F-statistics and gene flow (Nm) of all loci demonstrated that Fst ranged from 0.5201 to 0.8146 (average: 121 

0.6612) and Nm ranged from 0.0569 to 0.2307 (average: 0.1281). Ultimately, the genetic distance 122 

ranged from 0.0476 to 0.8168, and the genetic identity ranged from 0.4419 to 0.9535. According to the 123 

maximum genetic distance (0.8168) and the minimum genetic identity (0.4419), the 47 mixed samples 124 

were divided into five groups. Nangou Village, Pingshun County, Changzhi City population and 125 

Yunding Mountain, Jiaocheng County, Luliang City population, Nangou Village, Pingshun County, 126 

Changzhi City population and Nanyukou Village, Wenshui County, Luliang City population, Nangou 127 

Village, Pingshun County, Changzhi City population and Houziping Village, Hekou Township, Lan 128 

County, Luliang City population, Hetou Village, Changzi County, Changzhi City population and 129 

Nanlingdi Village, Pingyao County, Jinzhong City population, as well as Nanshan Temple, Wutai 130 

County, Xinzhou City population and Nanlingdi Village, Pingyao County, Jinzhong City population. 131 

Based on the minimum genetic distance (0.0476) and the maximum genetic identity (0.9535), the 47 132 

mixed materials were divided into two groups. Dongpodi Township, Jiaocheng County, Luliang City 133 

population and Nanshan Temple, Wutai County, Xinzhou City population, Shizui Township, Wutai 134 

County, Xinzhou City population and Nanshan Temple, Wutai County, Xinzhou City population. 135 

Then, the Na value ranged from 3 to 6 (average: 4.6667), the Ne value ranged from 1.6497 to 136 

3.5369 (average: 2.5956), and the I value ranged from 0.5928 to 1.4527 (average: 1.0702) in the 32 137 

cultured accessions. Next, a summary of heterozygosity statistics for all loci revealed that the expected 138 

homozygosity ranged from 0.2814 to 0.6054 (average: 0.4234), the expected heterozygosity ranged 139 

from 0.3946 to 0.7186 (average: 0.5766), and Nei's expected heterozygosity ranged from 0.3938 to 140 

0.7173 (average: 0.5755). Moreover, the results of F-statistics and gene flow (Nm) for all loci 141 

demonstrated that the Fst value ranged from 0.1682 to 0.5180 (average: 0.3224), and the Nm value 142 

ranged from 0.2327 to 1.2366 (average: 0.5253). Nei's value of genetic identity and genetic distance 143 

indicated that the genetic distance ranged from 0.0457 to 0.4770, and the genetic identity ranged from 144 

0.6206 to 0.9553. 145 

According to the highest genetic distance (0.4770) and the lowest genetic identity (0.6206) of the 146 

32 cultured accessions, we found that Guanzhuang Village and Zheng Village had pairwise materials. 147 

Similarly, the lowest genetic distance (0.0457) and the highest genetic identity (0.9553) demonstrated 148 

that there were pairwise materials in the Shizui Township and Datong City populations. 149 

In addition, the accessions for the 15 wild materials were as follows: Na >5 and <6 (average: 150 

5.333), Ne >2.4717 and <3.5584 (average: 2.8769), and I >1.1718 and <1.4876 (average: 1.2771). Next, 151 

heterozygosity statistics for all loci revealed that the expected homozygosity was >0.2798 and <0.4036 152 

(average: 0.3556), the expected heterozygosity was >0.5964 and <0.7202 (average: 0.6444), and the 153 

Nei's expected heterozygosity was >0.5954 and <0.7190 (average: 0.6433). Third, F-statistics and gene 154 

flow (Nm) for all loci showed that the Fst was >0.1411 and <0.4931 (average: 0.3200) and the Nm 155 

was >0.2570 and <1.5221 (average: 0.5314). 156 

Ultimately, Nei's original measures of genetic identity and genetic distance showed that the 157 

genetic distance was between 0.0353 and 0.7001 and that the genetic identity was between 0.4965 and 158 

0.9654. On the basis of the highest genetic distance (0.7001) and the lowest genetic identity (0.4965), 159 

the materials of Hujia Mountain and Wenshui County populations were pairwise. Similarly, the lowest 160 

genetic distance (0.0353) and the highest genetic identity (0.9654) revealed that the materials from 161 

Luliang City and Luliang City were pairwise populations. 162 



Table 2 Genetic diversity statistics 163 

 Type Na Ne I Exp Hom Exp Het Ht Fst Nm 

Mean 

M 7.6667 4.6085 1.7128 0.2118 0.7882 0.7798 0.6612 0.1281 

32C 4.6667 2.5956 1.0702 0.4234 0.5766 0.5755 0.3224 0.5253 

15W 5.3333 2.8769 1.2771 0.3556 0.6444 0.6433 0.3200 0.5314 

3.4 Cluster Analysis 164 

The 47 mixed materials were divided into 4 subgroups by cluster analysis (Fig.2). Subgroup Ⅰ 165 

samples included Changzhi City, Xinzhou City, Luliang City and Jincheng City samples. Subgroup Ⅱ 166 

included Xinzhou City, Lvliang City, Datong City, Jincheng City, and Changzhi City samples. Likewise, 167 

subgroup Ⅲ comprised Changzhi City, Jinzhong City, and Jincheng City samples. Subgroup Ⅳ 168 

consisted of Lvliang City and Jincheng City samples. The above results further illustrated that the 169 

sources of C. pilosula had minor diversity in 47 regions of Shanxi Province. 170 

The 32 cultured materials were divided into 4 subgroups by cluster analysis. Subgroup Ⅰ samples 171 

included Changzhi City, Xinzhou City, and Jincheng City samples. Subgroup Ⅱ included Datong City, 172 

Xinzhou City, Lvliang City and Jincheng City samples. Likewise, subgroup Ⅲ comprised Changzhi 173 

City and Jincheng City samples. Subgroup Ⅳ consisted of Changzhi City and Jincheng City samples. 174 

The 15 wild materials were divided into 3 subgroups by cluster analysis. Subgroup Ⅰ samples 175 

included Lvliang City, Changzhi City, and Jincheng City samples. Subgroup Ⅱ included Lvliang City 176 

and Jinzhong City. samples. Likewise, Subgroup Ⅲ consisted of Jincheng City samples. 177 

 178 

Fig.2 Circular clustering tree. A 47 mixed materials. B 32 cultivated materials.C 15 wild materials 179 

3.5 DNA Fingerprint Analysis 180 

The materials in 47 different regions had unique DNA fingerprints, so each material was 181 

accurately identified (Fig.3). Further analysis showed that the similarity of DNA fingerprints of 182 

individual materials was high; for example, the similarity of materials 8 and 10 was high, but the two 183 

materials were distinguishable by examining the specific bands amplified by three pairs of primers, 184 

dsq-5, dsq5-36 and dsq7-38. Although the fingerprints of J-3 and J-4 also had high similarity, the two 185 

materials were distinguishable by six primers. In summary, the DNA fingerprints constructed in this 186 

study could be used for the accurate identification of different C. pilosula sources in Shanxi Province. 187 

 188 

Fig.3 DNA fingerprints of 47 mixed materials 189 

4. Discussion 190 

4.1 Genetic Diversity 191 

Genetic diversity is considered to be an important part of biodiversity and the essence of species 192 

evolution. If a population or species has higher gene diversity or abundant gene variation [28], they 193 

have a strong ability to adapt to the environment. Evaluation of genetic diversity promotes the 194 

maintenance of diverse species/cultivars for preservation and crop amelioration [29,30]. Thirty-nine 195 

SSR markers were used to analyze the sixteen C. lanceolata accessions from Korea. The results 196 

showed that the average Na was 5.08, the average He was 0.59 and the average Ho was 0.48 [31]. The 197 

genetic diversity of Cannabis species was calculated by 49 pairs of primers; the average Na was 4.13, 198 

the average Ne was 2.50, the average I was 1.01 and the average He was 0.56 in 12 Cannabis varieties 199 

[32]. Twenty-five polymorphic SSR markers were utilized in 18 natural populations (425 individuals) 200 

of Tectona grandis L.f. in Indian species, and these markers showed that the average Na was 7.70, the 201 

average Ne was 4.30, the average I was 1.49, and the average Ho and He were 0.614 and 0.668, 202 



respectively [33]. Thirty-six collected SSR markers were amplified from 48 various spinach accessions 203 

for molecular validation, and the results showed that the average Na was 2.9 and the average Nei's 204 

expected heterozygosity was 0.4 [34]. Seventy-three polymorphic primers accurately identified 37 205 

Dendrobium species and demonstrated that the average He was 0.375, and the average Nm was 0.753 206 

[35]. In this study, the whole summary of genetic variation statistics for all loci decreased in the order 207 

M > W > C, the whole summary of heterozygosity statistics for all loci decreased in the order M > W > 208 

C, and the whole summary of F-statistics and gene flow for all loci decreased in the order W > C > M. 209 

Combined with the above analysis, each locus possessed abundant levels of polymorphism, showing 210 

that wild samples frequently had gene interactions; in contrast, mixed materials showed minimum gene 211 

communication. 212 

4.2 Cluster Research 213 

When some individuals migrate from one group to another, they bring their genes to the new 214 

group, resulting in gene flow. Gene flow is generally considered to be an important factor in the degree 215 

of genetic interspecific and intraspecific variation. Therefore, the greater the gene flow, the greater the 216 

similarity between the two populations [36]. Wright proposed that if the gene flow value between 217 

populations is less than 1 (Nm<1), limited gene flow is the main reason for genetic differentiation 218 

[37,38]. In this study, the average Nm values of cultivated and wild materials were 0.5253 and 0.5314, 219 

respectively, which showed that there was great genetic similarity between the two groups. Most 220 

importantly, gene flow is affected by many factors, such as the direction and speed of wind and water, 221 

individual survival time, climate and geographical obstacles, which affect the dispersion of the 222 

population. Some researchers believe that habitat fragmentation affects gene flow [39-41]. In our study, 223 

wild materials of C. lanceolata mainly relies on bees, wind and rain to spread pollen, and after being 224 

digested as food for animals, the fruit takes root and sprouts in the form of feces. Cultivated accessions, 225 

after unified collection through human intervention, may be planted and managed in the same field or 226 

greenhouse. In addition, fragmentation of habitat can also affect gene flow, and this is caused by human 227 

activities and gradually develops with increasing intensity of human activity. The gene flow was 228 

relatively small (0.1281) in the mixed materials, which may be due to geographical obstacles or habitat 229 

fragmentation. The results of the experiment will further provide references for the identification of 230 

germplasm resources in C. pilosula. 231 

4.3 Fingerprint Code 232 

DNA fingerprints had multiple loci, high variability, and somatic cell stability. They play 233 

important roles in variety identification and breeding [42]. Furthermore, DNA fingerprint databases are 234 

essential and efficient measures for molecular research of plants that provide accurate information for 235 

breeding, variety quality analysis, variety resource protection, and molecular marker-assisted breeding 236 

[43,44]. SSRs have been successfully used to construct DNA fingerprints and can be easily and 237 

efficiently used for the identification of multiple other species [45], such as Asiatic cotton varieties of 238 

India [46], chili pepper varieties [47], leaves of Datura stramonium [48], strawberry varieties [49], and 239 

aromatic rice [50]. Therefore, the DNA fingerprint code developed for C. pilosula in this study can be 240 

used as the basis for species resource identification. At the same time, the results of this study could 241 

also serve as a reference for intuitively revealing the genetic diversity and genetic relationships among 242 

different sources of C. pilosula. Meanwhile, the unique DNA fingerprints of 47 mixed materials were 243 

constructed using 6 pairs of polymorphic primers to accurately identify C. pilosula from different areas. 244 

The above results can establish a method for the construction and improvement of a DNA fingerprint 245 

database of C. pilosula variety sources. 246 



Conclusion 247 

C. pilosula is one of the medicine and food homology directories. Based on the whole genome 248 

information of C. lanceolata, we analyzed genetic diversity and constructed a cluster tree and DNA 249 

fingerprint of collected accessions by designing six pairs of polymorphic primers. This study will 250 

contribute to research on C. pilosula in wild and cultivated varieties, molecular marker-assisted 251 

breeding, and genetic diversity. 252 
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Figures

Figure 1

Ampli�cation results of 6 polymorphism primers



Figure 2

Circular clustering tree. A 47 mixed materials. B 32 cultivated materials.C 15 wild materials

Figure 3

DNA �ngerprints of 47 mixed materials
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