
Pak. J. Bot., 52(4): 1315-1322, 2020.                                                                           DOI: http://dx.doi.org/10.30848/PJB2020-4(17) 

 

GENETIC VARIATION AND POPULATION STRUCTURE OF ROSA ROXBURGHII BY 

EST-BASED AND GENOMIC SSR MARKERS 
 

MIN LU1, HUAISHAN ZHANG1, HUAMING AN1* AND WEN ZHOU2 

 

1Agricultural College, Guizhou University, Guizhou Engineering Research Center for Fruit Crops,  

Guiyang 550025, PR China 

2Guizhou Hongcaijunong Investment Corporation 
*Corresponding author’s email: anhuaming@hotmail.com 

 
Abstract 

 

Rosa roxburghii Tratt. is a well-known commercial horticultural plant in China with medicinal and nutritional values. 

The wild germplasm of this rose species is distributed mainly in southwest China, but the population is decreasing due to 

continuous exploitation, habitat destruction, and fragmentation. Therefore, assessing its genetic variation and population 

structure is important for effective conservation. In this study, 494 individuals from 29 natural populations from southwest 

China were analyzed using 10 EST-SSRs and 10 genomic-SSRs primer pairs. One hundred and fourteen different alleles 

were detected, with an average of 4.1 (for EST-SSR) and 7.3 (for Genomic-SSR) alleles per locus. The overall expected and 

observed heterozygosity values were 0.728 and 0.852, respectively, and the Shannon’s information index for each of the loci 

was 1.532. Our results revealed that genomic SSR markers were more polymorphic than EST-SSR markers. A moderately 

high level of genetic variation was maintained in the R. roxburghii population in Southwest China. AMOVA analyses 

showed that 93.10% of the genetic variation occurred within populations. Among the populations, the gene flow estimate of 

3.373 had a high value. These R. roxburghii accessions were classified into two clusters, which did not follow the 

geographical distribution. Population ZJ, which showed the highest level of genetic variation and displayed a highly mixed 

genetic structure, was the most suitable for protection by an in situ conservation strategy. 
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Introduction 

 

Rosa roxburghii Tratt. (2n = 2x = 14), is a perennial 

rosebush native to China and widely distributed in the 

southwestern provinces, mainly in Guizhou Province and 

sporadically in adjacent provinces, such as Sichuan, 

Chongqing, Hunan, Guangxi, Hubei, and Shaanxi (Fan & 

Xia, 1997). Nationwide research interest was aroused 

because of the wide range of medicinal and nutritional 

components in the leaves of this plant as well as in its 

fruits, including ascorbate (AsA), polysaccharides, and 

flavonoids (Yan et al., 2015a; Li et al., 2017; Xu et al., 

2018; Wang et al., 2018). A series of health care products 

has been developed for clinical applications and the 

economic cultivation area of this species in China was 

spread on at least 140,000 hectares until 2020. 

Collection of wild germplasm for selection of elite 

genotypes of this plant, based on fruit characteristics and 

growth vigor, started in China in the early 1980s (Zhu et 

al., 1984), but to date, only one cultivar has been 

identified (Fan et al., 2011). The breeding industry and 

sustainable development of R. roxburghii are based on 

its abundant wild genetic resources. Any loss of genetic 

variation would result in a loss of potential application 

value for humans. However, various environmental 

stress factors, such as continuous exploitation, habitat 

destruction, and fragmentation, caused by human 

activities have caused substantial resource depletion. 

The number of populations has been decreasing, and 

thus conservation and protection measures are critically 

and urgently needed. For effective conservation, the 

assessment of genetic variation and population structure 

is imperative. 

Simple sequence repeat (SSR) markers are powerful 

tools for genetic variation and population structure 

studies (Yang et al., 2018; Urrestarazu et al., 2018; 

Mokhtari et al., 2018; Hu et al., 2018; Guo & Gao, 

2017). EST-SSR markers have been developed and 

applied to R. roxburghii genotypes by Yan et al., 

(2015a, b), Zhang et al., (2017), and Lu et al., (2017). 

These authors found that R. roxburghii had moderate to 

high diversity; moreover, compared with other 

populations, it had a more frequent gene exchange and 

smaller Nei 's genetic distance. Nevertheless, the 

statistical sampling was limited to 12 populations in 

Guizhou Province and no data were available from other 

important provinces in Southwest China. EST-SSRs 

were found to be superior to genomic SSRs in terms of 

transferability and was suitable for cross-species 

amplifications (Zhang et al., 2014). However, these 

researchers often amplified a lower level of 

polymorphism. Therefore, in the present study, we 

aimed to (1) analyze the genetic variations among the 

representatives of R. roxburghii populations and (2) 

determine the genetic structure of the populations based 

on a combination of EST-SSR and genomic SSR. 

 

Materials and Methods 

 

Population sampling: In this study, 494 individuals from 

29 naturally occurring R. roxburghii populations were 

collected in the southwest of China from 2014 to 2017 

(Table 1, Fig. 1). A minimum distance of 20 m between 

individuals was maintained to avoid sampling of similar 

genotypes. Healthy young leaves were collected and dried 

in silica gel. 
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Table 1. Description of the 29 sampling sites of wild R. roxburghii. 

Population 

ID 

Sampling 

No. 
Sampling localities Altitude(m) Latitude Longitude 

AL 24 Anlong county (Guizhou province) 1258-1334 25°11'29"-25°14'5" 105°19'23"-105°29'14" 

BJ 8 Bijie City (Guizhou province) 1529-1886 27°07'2"-27°18'27" 105°04'5"-105°18'56" 

DF 10 Dafang County (Guizhou province) 1400-1416 27°02'59"-27°04'16" 105°41'6"-105°41'10" 

DS 10 Dushan County (Guizhou province) 885-917 25°20'5''-25°27'4'' 107°52'7''-107°54'11'' 

FQ 14 Fuquan city (Guizhou province) 957-1000 26°48'2"-26°48'48" 107°35'0"-107°36'10" 

HS 20 Huishui county (Guizhou province) 946-1032 25°44'7"-26°04'35" 106°34'26"-106°59'24" 

HX 36 Huaxi district (Guizhou province) 1000-1474 26°20'9"-26°41'53" 106°43'11"-106°82'56" 

LD 14 Luodian county (Guizhou province) 836-934 25°37'8"-25°43'58" 106°32'12"-106°40'20" 

LZ 10 Liuzhi district (Guizhou province) 1214-1638 26°11'29"-26°29'40" 105°17'16"-105°32'5" 

PB 40 Pingba county (Guizhou province) 1243-1400 26°21'40"-26°41'34" 106°12'37"-106°33'36" 

PX 22 Pan county (Guizhou province) 1530-1780 25°10'50"-25°54'53" 104°32'12"-104°50'14" 

QL 12 Qinglong county (Guizhou province) 1499-1583 25°81'51"-25°83'29" 105°19'45"105°21'54" 

QX 26 Qianxi County (Guizhou province) 1202-1264 26°57'46"-27°01'27" 106°00'2"-106°06'27" 

SC 8 Shuicheng County (Guizhou province) 1698-1796 26°47'32"26°55'41" 104°52'43"-104°55'46" 

SQ 12 Shiqian county (Guizhou province) 692-892 27°28'48"-27°35'30" 108°01'14"-108°12'24" 

SY 20 Suiyang county (Guizhou province) 734-1405 27°53'23"-29°54'21" 106°58'51"-107°19'59" 

XY 36 Xingyi city (Guizhou province) 1528-1920 24°54'36"-25°57'6" 104°43'45"-104°50'17" 

ZJ 22 Zhijin County (Guizhou province) 1198-1700 26°22'7"-26°35'39" 105°41'55"-105°44'58" 

ZY 24 Zunyi city (Guizhou province) 778-981 27°26'53"-27°58'53" 106°54'39"-107°18'32" 

ZT 10 Zhaotong City (Yunnan province) 1380-1391 27°39'5"-27°45'14" 104°48'8"-104°55'11" 

JL 10 Junlian County (Sichuan province) 1076-1202 27°51'24"-27°53'15" 104°33'13"-104°35'4" 

MN 22 Mianning County (Sichuan province) 1769-1828 28°28'50"-28°35'44" 102°04'5"-102°15'28" 

xy 12 Xuyong County (Sichuan province) 1050-1155 27°50'54"-28°12'33" 105°16'39"-105°39'4" 

CQ 12 Chongqing City 518-540 30°15'37"-30°15'46" 107°43'2"-107°45'13" 

GZ 10 Guzhang County (Hunan province) 250-267 28°40'1"-28°41'3" 109°45'0"-109°46'31" 

HY 12 Huayuan County (Hunan province) 522-570 28°26'3"-28°28'0" 109°25'21"-109°29'40" 

LC 14 Lichuan City (Hubei province) 963-1088 30°4'35"-30°16'54" 108°36'12"-108°56'13" 

NZ 12 Nanzheng County (Shanxi province) 528-586 32°56'43"-32°59'0" 106°45'41"-106°48'27" 

MX 12 Mian County (Shanxi province) 547-602 33°6'38"-33°7'27" 106°28'33"-106°31'32" 
 

DNA extraction: A modified cetyltrimethylammonium 
bromide (CTAB) method (Porebski et al., 1997) was used 
to extract total genomic DNA. The DNA was dissolved in 
TE buffer (Tris-HCl and EDTA, pH = 8.0) and stored at -
70°C for subsequent analyses. 
 
PCR amplification and SSR detection: Twenty SSR 
loci (Table 2) had been developed in previous studies; ten 
EST-SSR loci were selected from transcriptome data 
(Yan et al., 2015a, b), and ten genomic-SSR from genome 
survey sequencing (Lu et al., 2016). PCR was conducted 
in a 20-μL volume containing 1 × Taq PCR Master Mix 
(KT201, Tiangenbiotech, Beijing, China), 50 ng of DNA 
template, and 0.25 μM of each primer. The following 
PCR amplification conditions (Table 2) were used: 3 min 
at 94°C; followed by 35 cycles of 94°C for 40 s, 49°C–
56°C for 40 s, and 72°C for 1 min; with a final extension 
step for 10 min at 72°C. The PCR products were 
separated on 8% denaturing polyacrylamide gels stained 
using the silver method. 
 

Data analyses: The statistics such as the number of 

different alleles (Na), number of effective alleles (Ne), 

observed heterozygosity (Ho), expected heterozygosity 

(He), Shannon’s index (I), Nei’s genetic variation (Nei’s), 

and the percentage of polymorphic loci (P) were 

determined by POPGENE version 1.32 (Yeh et al., 1999). 

Principal coordinate analysis (PCoA), analysis of 

molecular variance (AMOVA) with 1,000 permutations 

among the populations, genetic differentiation (Fst), gene 

flow (Nm), and Mantel test (Mantel, 1967) with 9,999 

permutations were performed using GenALEx 6.502 

(Peakall & Smouse, 2012). Mantel test was implemented 

to identify significant association between Nei’s genetic 

distance (Nei, 1973) and geographic distance. Based on 

an admixture model, population structure was assessed by 

STRUCTURE software v. 2.34. Models were tested 

ranging from 1 to 30 for K-values, with 100,000 MCMC 

(Markov Chain Monte Carlo) iterations and thirty 

independent runs each. With the best K-value selected 

according to the Evanno Test (Evanno et al., 2005; Zhang 

et al., 2014), the most likely number of clusters was 

chosen by plotting the LnP(D) values against Δk values. 

 
Results 

 
Properties of the SSR markers: In this study, 20 
microsatellite regions (10 EST-SSRs and 10 genomic-
SSRs) that produced clear polymorphic fragments were 
evaluated in the 494 studied materials. A total number of 
164 alleles (Na = 8.2, Table 2) were amplified, 44 of 
which belonged to 10 EST-SSR loci (Na = 4.4, Table 2) 
and 120 to 10 genomic-SSR loci (Na = 12, Table 2. The 
effective number of alleles per locus (Ne) ranged from 
1.921 (Primer 19) to 8.803 (Primer 023) with an average 
value of 3.0148 and 5.7939 for EST-SSR and genomic 
SSR, respectively. The value of the genetic variation, 
calculated according to the method of Nei's 1973 (Nei's) 
for EST-SSRs, ranged from 0.480 (Primer 19) to 0.755 
(Primer 7) with an average value of 0.639; for genomic 
SSRs, it ranged from 0.707 (Primer 014) to 0.886 (Primer 
023) with an average value of 0.8139. Meanwhile, the 
mean Shannon’s index (I), expected heterozygosity (He) 
and observed heterozygosity (Ho) of genomic-SSRs were 
all much higher than for EST-SSRs (Table 2), indicating 
the higher polymorphism at the 10 genomic-SSRs loci. 
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Table 3. Frequency of EST-SSRs in the R. roxburghii fruit transcriptome. 

Population ID Na Ne I Ho He Nei’s P (%) 

AL 4.700 3.458 1.277 0.863 0.691 0.662 100 
BJ 3.650 3.125 1.128 0.863 0.707 0.619 95 
DF 3.800 3.076 1.151 0.870 0.707 0.636 100 
DS 3.650 3.005 1.122 0.830 0.694 0.625 100 
FQ 3.900 3.082 1.119 0.829 0.654 0.608 100 
HS 4.200 3.223 1.171 0.810 0.663 0.630 100 
HX 5.150 3.571 1.337 0.900 0.701 0.681 100 
LD 3.700 2.940 1.103 0.886 0.664 0.616 100 
LZ 3.650 2.933 1.101 0.860 0.686 0.617 100 
PB 4.800 3.460 1.257 0.879 0.668 0.650 100 
PX 4.850 3.613 1.282 0.888 0.686 0.657 100 
QL 3.950 3.036 1.119 0.808 0.652 0.597 95 
QX 5.300 3.910 1.398 0.850 0.729 0.700 100 
SC 3.600 3.084 1.139 0.888 0.729 0.638 100 
SQ 3.750 2.935 1.090 0.775 0.649 0.595 100 
SY 4.200 3.058 1.174 0.875 0.668 0.635 100 
XY 5.100 3.437 1.301 0.844 0.681 0.662 100 
ZJ 5.350 3.953 1.402 0.905 0.736 0.702 100 
ZY 4.900 3.403 1.296 0.900 0.700 0.671 100 
ZT 3.250 2.825 0.998 0.850 0.637 0.573 95 
JL 3.900 3.262 1.180 0.850 0.712 0.641 100 

MN 4.500 3.178 1.218 0.846 0.676 0.646 100 
xy 3.800 3.159 1.144 0.858 0.686 0.629 100 
CQ 3.650 2.804 1.056 0.850 0.644 0.590 100 
GZ 2.900 2.428 0.844 0.750 0.543 0.489 85 
HY 2.700 2.404 0.893 0.908 0.616 0.565 100 
LC 3.850 3.218 1.151 0.886 0.685 0.636 100 
NZ 2.500 2.037 0.730 0.617 0.485 0.444 90 
MX 2.800 2.518 0.930 0.717 0.620 0.568 100 

Mean 4.002 3.108 1.142 0.843 0.668 0.620 98.62 
Na = Observed number of alleles, Ne = Effective number of alleles, I = Shannon information index, Ho = Observed heterozygosity, 

He = Expected heterozygosity, Nei’s Nei’s = Gene diversity, P = Percentage of polymorphic loci 
 

Genetic variation: Twenty nine natural populations were 
selected to estimate the genetic variation in R. roxburghii 
around the southwest China (Table 3). The population ZJ 
had the highest genetic variation (Na = 5.350, Ne = 3.953, 
I = 1.402, He = 0.736, Nei’s = 0.702) and the population 
NZ had the lowest diversity parameters (Na = 2.500, Ne = 
2.037, I = 0.730, Ho = 0.617, He = 0.485, Nei’s = 0.444). 
The Ho over 20 loci was highest in population HY 
(0.908). For all populations, all of the observed 
heterozygosity (Ho) was higher than expected (He), 
suggesting a high genetic variability in the populations 
due to the presence of many equally frequent alleles. The 
percentages of polymorphic loci were 85% in population 
GZ, 90% in NZ, 95% in BJ, QL and ZT, and 100% in the 
rest of the populations. The following average values 
were established: Na = 4.002, Ne = 3.108, Ho = 0.843, He 
= 0.668, I = 1.142, Nei’s = 0.620, and P = 98.62%. The 
moderately high genetic variation indices supported the 
notion that the R. roxburghii population in the Southwest 
China still maintained a high level of genetic variation. 
 

Genetic differentiation: Nei’s genetic distance (Nei, 
1979) among populations was calculated (Table 4). Out of 
twenty nine populations, BJ and NZ populations were the 
most distantly related (1.006), whereas LD and PB 
populations were the most closely related (0.076). 
Similarly, the genetic identity was the highest between 
LD and PB populations (0.927). The average Nei's genetic 
distance calculated among the 29 populations was 0.373, 
which was consistent with the high and steady gene flow 

among the populations (Table 5). The Mantel test results 
showed no significant correlation between Nei’s genetic 
distance and the geographical distance among the 
populations (r = 0.027, P = 0.4, Fig. 2). 

The AMOVA conducted by GenAlEx 6.5 software 
revealed that 93.10% (EST-SSR: 92.72%; nSSR: 93.40%) 
of all genetic differentiation was within populations, 
whereas 6.90% of all genetic differentiation was among 
populations. In the total populations, there was a low 
genetic differentiation (Fst = 0.069) as evidenced by the 
high level of gene flow estimate (Nm = 3.373) (Table 5). 

 
Population structure: The analysis of the rate of change 

ΔK over the range of K-values evaluated in STRUCTURE 

revealed that the optimal number of genetic clusters 

determined equaled 2 as ΔK reached a maximum value for 

K = 2, established by the method of Evanno et al., (2005) 

(Fig. 3). Based on our results, we grouped the 29 

populations included in this study into two clusters (Fig. 1, 

4A). The QX, SC, ZJ, BJ, and DF populations in Guizhou 

Province together with 10 populations not in Guizhou 

Province were classified into one group; and the remaining 

14 populations in Guizhou Province were categorized into 

the other group. The genetic structure and relationships 

were further investigated using principal coordinate 

analysis (PCoA). The variations expressed on axes 1 and 2 

were 28.49 and 18.76%, respectively. Populations 

clustering by PCoA (Fig. 4B) denoted groupings 

consistent with STRUCTURE. 
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Table 5. Analyses of molecular variation (AMOVA) of R. roxburghii populations based on microsatellite data. 

 Source of variation d.f. 
Variance 

components 

Percentage of 

variation 
P 

Fixtion 

index 

EST-SSR 
Among populations 28 0.294 7.28 ≤0.001 Fst=0.073 

Nm=3.184 Within populations 465 3.747 92.72 ≤0.001 

nSSR 
Among populations 28 0.342 6.60 ≤0.001 Fst=0.066 

Nm=3.538 Within populations 465 4.834 93.40 ≤0.001 

EST-SSR and nSSR 
Among populations 28 0.636 6.90 ≤0.001 Fst=0.069 

Nm=3.373 Within populations 465 8.581 93.10 ≤0.001 
FST = Variance among coefficient of individual relative to the total variance, Nm = Gene flow 

 

 
 

Fig. 1. Description of the 29 sampling sites distribution of wild R. 

roxburghii in Southwest China and proportion of two clusters 

distribution in each population (K=2; cluster l: green; cluster 2: red). 

 

 
 

Fig. 2. The correlation between Nei’s genetic distance and 

geographic distance for 29 populations of R. roxburghii. 

 

 
 

Fig. 3. Modeling of cluster number for R. roxburghii using 

STRUCTURE. Ln P(K) and Delta K were calculated in 

accordance with the method of Evanno et al., (2005). 

 
 

 
 
Fig. 4. Genetic structure of 29 populations of R. roxburghii in 

Southwest China. (A): Genetic relationship among the 29 

populations revealed by a Bayesian modeling approach under K 

=2. (B): Principal coordinate analysis of the 29 populations 

based on the genetic distance. 

 

Discussion 

 

SSR (or microsatellite) markers have become a 
preferred choice for assessment of genetic variation of 
plant germplasm, especially for crops lacking whole-
genome sequence information, since they are abundant 
across genome, highly polymorphic, relatively low cost, 
and easy to use. We developed 20 polymorphic R. 
roxburghii SSRs, with 10 based on genomic-SSR loci and 
10 based on EST-SSR loci in the present study. EST-
SSRs are expected to be less polymorphic and more 
conserved than genomic-SSRs, as reported in pines, 
barley, and adzuki bean (Liewlaksaneeyanawin et al., 
2004; Chabane et al., 2005; Chen et al., 2015) since they 
are located within genes. As expected, EST-SSR regions 
showed polymorphism levels lower than those of the 
genomic-SSR regions (Table 2). Our previous studies 
showed that EST-SSR markers are informative molecular 
markers for research on the genetic diversity of R. 
roxburghii (Zhang et al., 2017). In the present 
investigation, both genomic-SSR and EST-SSR markers 
were used as valuable tools, which revealed moderate to 
high levels of polymorphism in R. roxburghii. 

The average number of alleles (8.2) detected here 

was higher than those reported by Qiu et al., (2013), Zhou 

et al., (2011), and Qiu et al., (2011), who detected 

average numbers of alleles of 7.7, 1.2, and 7.2 using 8 R. 

longicuspis, 8 R. sericea, and 8 R. odorata populations 

with 14, 11, and 12 SSR markers, respectively. 

A 

B 
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Meanwhile, our average number of alleles was lower than 

the ones established by Meng et al., (2016), Kelager et 

al., (2013), and Gao et al., (2015), found 12.8, 16.7, and 

36.3 average numbers of alleles using 27, 32, and 62 R. 

odorata var. gigantea, R. rugosa, and R. sericea 

populations and 7 SSR markers, respectively. The 

moderately high genetic variation supports the view that 

the R. roxburghii population in Southwest China still 

maintains a high level of genetic variation. In contrast to 

the findings of previous studies of R. roxburghii (Zhang et 

al., 2017), we established population genetic variations in 

Southwest China that was maintained at a fairly high level 

(Na = 4.002, Ne = 3.108, I = 1.142, Ho = 0.843, He = 

0.668, Nei’s = 0.620), which was higher than that of R. 

roxburghii germplasm only in Guizhou Province (Na = 

3.50, Ne = 2.59, I = 1.05, He = 0.64, Nei’s = 0.61). The 

results of the structure and PCoA analyses were generally 

consistent; both identified two groups of R. roxburghii in 

Southwest China. The genotypes in Guizhou Province 

came predominantly from one gene pool, suggesting 

lower polymorphism. 

AMOVA analysis showed that 6.90% of the diversity 

was among the populations and 93.10% within the 

populations. According to our obtained Fst index (0.069) 

and Nm (3.373), these results demonstrate the low 

differentiation among the populations, which are also in 

agreement with the other studies (Kelager et al., 2013; 

Zong et al., 2014; Kuwi et al., 2018). This outcome might 

indicate that the activities of humans, migratory 

herbivores, and birds lead to germplasm exchange in 

different regions. The fact that wild R. roxburghii prefer 

to germinate aside roads and rivers might have largely 

contributed to such results. In the previous study (Zhang 

et al., 2017), the Mantel test results demonstrated a 

significant correlation between geographic and genetic 

distance among 12 populations in Guizhou Province (r = 

0.2498, P = 0.9512). However, in this study, another 

seven populations were added from Guizhou Province 

(BJ, DF, DS, LZ, QX, SC, and ZJ), and ten populations 

from other provinces in Southwest China (Table 1, Fig. 

1). Thus, the Mantel test showed no significant correlation 

between the geographical distance and Nei’s genetic 

distance among the populations (r = 0.027, P = 0.4, Fig. 

2). The change detected might have come from the second 

gene pool and may be due to the discontinuity of the 

sample (Fig. 1). 

Population ZJ was the most suitable for protection 

under in situ conservation strategy. First, population ZJ had 

the highest level of genetic variation (Table 3). Second, this 

population represented the two gene pools, which displayed 

a highly mixed genetic structure (Fig. 1, 4A). 
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