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Abstract: Rheum tanguticum, a source plant for the traditional Chinese medicine Dahuang (rhubarb), is an endangered 

species. In this study, we first assessed genetic diversity using 102 internal transcribed spacer (ITS) sequences cloned 

from one population of R. tanguticum on the Qinghai-Tibet Plateau. In total, 1773 polymorphic sites were identified, in-

cluding 707 sites in the ITS1 region, 773 sites in the ITS2 region, and 293 sites on the 5.8S gene. Overall, transitions were 

the most common type of mutation and represented 77% of all base substitutions found within the ITS regions of R. 

tanguticum. We found that the average intra-specific genetic distance was 0.1260±0.0755 and ranged from 0 to 0.3618. 

Furthermore, a neighbor-joining phylogenetic tree constructed using these sequences strongly supported the conclusion 

that abundant intra-specific variation exists within the ITS regions of R. tanguticum. Interestingly, we found that eighty-

seven clones of R. tanguticum had high similarity to the ITS sequence of R. rhabarbarum and ten clones had high similar-

ity to the ITS sequence of R. officinale; however, five clones of R. tanguticum had similarity to Fagopyrum esculentum. 

Therefore, we observed a significant amount of ITS sequence variation at both the intra-genomic and intra-specific levels 

in R. tanguticum. Based on these results, we suggest that in situ conservation is preferable for R. tanguticum protection. 

Keywords: Genetic diversity, intra-specific variation, Rheum tanguticum, internal transcribed spacer, endangered species  
conservation. 

INTRODUCTION 

Rheum tanguticum Maxim. Ex Balf. (Polygonaceae) is 
one of the three main sources of Dahuang (rhubarb), a well-
known traditional Chinese medicine (TCM). Its phenolic 
compounds and polysaccharides have shown some promis-
ing pharmacological properties [1, 2]. The dried rhizomes 
and roots of R. tanguticum have been widely used as laxa-
tives and anti-inflammatory agents in China [3], while the 
standardized rhubarb extracts, such as emodin, have become 
available on the international market [4, 5]. R. tanguticum, 
also known as Tangut rheumor chicken-feet rheum, is native 
to the Qinghai-Tibet Plateau at altitudes ranging from 2300 
to 4200 m [6, 7]. In recent years, the wild resources of R. 
tanguticum were seriously threatened by over-exploitation 
and an extensive loss of habitat; thus, this species has been 
included on the important conservation of wild plants list for 
the Qinghai province [8]. Some measures have been taken to 
reduce the difference between the commercial demand  
and the wild resource depletion, such as cultivation in 
Guoluo [9]. However, reductions to wild R. tanguticum 
populations are a major concern for development of superior  

 

*Address correspondence to this author at the Institute of Medicinal Plant 

Development, Chinese Academy of Medical Sciences, Peking Union Medi-

cal College, 151 Malianwa North Road, Haidian District, Beijing 100193, 

China; Tel: 86-10-57833199; Fax: 86-10-62895907;  

Email: jysong@implad.ac.cn 

pharmaceutical crop cultivars of the Tangut rheum. Analysis 
of genetic variations in the endangered species at the popula-
tion level is critically important for conservation strategies 
because sufficient genetic variation can increase the species 
chance of survival [10]. Therefore, the analysis of genetic 
variation within and between populations becomes important 
not only for the conservation of the endangered species [11-
15] but also for pharmaceutical crop development. 

The internal transcribed spacer (ITS) of nuclear ribo-
somal DNA (nrDNA) has been used extensively in studies 
on genetic diversity, phylogenetics, and evolution at the spe-
cies or genera levels due to its fast rate of evolution and great 
variation [16-18]. The ITS region is composed of three parts: 
ITS1, ITS2, and the highly conserved 5.8S rDNA gene, 
which islocated between ITS1 and ITS2 [19]. Compared to 
organellar DNA, the ITS of nrDNA, which is inherited from 
both parents, can provide much more information [20]. Fur-
thermore, this region is simple to amplify using PCR and a 
set of universal primers, which are available for a wide range 
of organisms, and it can be easily sequenced due to its rela-
tively small size [21]. Importantly, high levels of variation 
are usually observed within ITS regions and are ideal for 
revealing genetic diversity and population differentiation in 
many species [22-24]. However, to date, there have been no 
reports of ITS sequence variation at the intra-specific level in 
R. tanguticum. In previous reports, genetic diversity of R. 
tanguticum was revealed based on ISSR and SSR analysis 
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[8, 25]. These studies demonstrated most of genetic variation 
within populations of R. tanguticum rather than between. 

The goals of the present study were to identify and char-
acterize the distribution of sequence variation based on the 
ITS sequences within one population of R. tanguticum, ana-
lyze potential reasons for sequence variations, and propose 
conservation strategies for this species. 

MATERIALS AND METHODOLOGY 

Plant Materials 

Twenty-nine specimens of R. tanguticum were collected 
from the Baihe pasture of Zoige in the Sichuan Province of 
China (latitude: 33°18 35 N to 33°21 32 N; longitude: 
102°27 12 E to 102°28 9 E; altitude: 3436-3459 m) (see the 
Appendix Table S1). A typical habitat for R. tanguticum is 
shown in (Fig. 1). 

 

 

Fig. (1). The habitat of Rheum tanguticum. 

 
Genomic DNA Preparation and PCR Amplification 

Genomic DNA was extracted from 20 mg of silica gel-
dried leaves using the Plant Genomic DNA Kit (Tiangen 
Biotech Co., China) after grinding for 1 min at 30 revolu-
tions/s with a DNA Extraction Grinder (MM400; Retsch, 
Haan, Germany). Polymerase chain reaction (PCR) amplifi-
cations of the ITS region were carried out using a Peltier 
Thermal Cycler ABI9700 (ABI lab, Inc., USA) and the fol-
lowing pair of universal primers: ITS5F (5'-
GGAAGTAAAAGTCGTAACAAGG-3') and ITS4R (5'-
TCCTCCGCTTATTGATATGC -3') [26]. PCR amplifica-
tion was performed using 20-50 ng of genomic DNA as tem-
plate and a total volume of 25 μL, which also contained the 
following: 1 PCR buffer (without MgCl2), 2.0 mM MgCl2, 
0.2 mM each dNTP, 0.1 μM each ITS primer (synthesized by 
Sangon Co., China), and 1.0 U Taq DNA Polymerase (Bio-
color BioScience & Technology Co., China). PCR reaction 
conditions consisted of an initial denaturation step for 5 min 
at 94°C, followed by 35 cycles of denaturation for 1 min at 
94°C, annealing for 1 min at 50°C and extension for 1.5 min 
at 72°C (+3s/cycle), with a final extension step at 72°C for 7 
min [27]. The PCR products were separated on 1.0% agarose 
gels in 0.5 TBE buffer for visualization. Direct sequencing 
of the PCR products from R. tanguticum was unsuccessful, 

indicating the presence of polymorphisms within individual 
specimens. 

Cloning and Sequencing of the ITS Region 

The PCR products were purified using the TIAN quick 
Midi Purification Kit (Tiangen Biotech Co., China). The 
recovered products were ligated into the pMD19-T vector 
(Takara Biotech Co., China) following the addition of dATP 
residues to the 3’ ends of the PCR products using the DNA 
A-Tailing Kit (Takara Biotech Co., China). The cloned 
products were then transformed into E. coli DH5  cells using 
standard recombinant DNA techniques. 

E. coli colonies were cultured in LB culture medium con-
taining ampicillin, and following selection with colony PCR, 
five positive clonesfrom each sample were sequenced using 
an ABI3730XL sequencer (Majorbio Co., Shanghai, China). 
In total, we obtained 105 clones from 29 samples (excluding 
fungal sequences). Three of the clones (including KF514611, 
KF514546 and KF514613) showed significant differences 
when compared with the other sequences (~90bp deletions at 
the start of the ITS region) and were not analyzed in this 
paper (see the sequence alignment in Appendix Fig. S1, S2, 
and S3). 

Sequence Alignment and Date Analysis 

The sequences of the ITS regions of R. tanguticum were 
aligned using Codoncode Aligner3.7.1 (CodonCode Co., 
USA). Genetic variations were analyzed with a Kimura 2-
parameter (K2P) distance matrix, which was constructed 
using the MEGA5.0 software program [28]. The neighbor-
joining (NJ) phylogenetic trees were built in the MEGA5.0 
software program using the 102 sequenced clones from R. 
tanguticum as well as four other GenBank sequences from 
other species: Rheum officinale (JN187108), Rheum nobile 
(GQ206264), Rheum rhabarbarum (JQ288756), and 
Fagopyrum esculentum (EF653685). The 5.8S gene and the 
ITS1 region were obtained through sequence alignment with 
R. rhabarbarum and F. esculentum, and the ITS2 region was 
obtained using hidden Markov model (HMM)-based annota-
tion methods [29]. 

RESULTS 

Sequence Length and GC Content 

The average and distribution of the ITS sequence lengths, 
as well as GC contents, are shown in (Fig. 2). The ITS se-
quence length ranged from 522-571 bp in the 102 clones 
from R. tanguticum. The average length of the ITS se-
quences was 559 bp, and the median length was similar to 
the average. The GC content of the ITS sequences from R. 
tanguticum ranged from 56- 69%, with an average value of 
63% and a median of 62%. 

Sequence Variation and Polymorphic Distributions of the 
ITS Region within Individual Genomes 

We did not analyze insertions and deletions (indels) in 
the present study, as they are often spread across multiple 
sites, particularly in long homopolymeric tracts, and are dif-
ficult to identify in an accurate and reliable manner. There-
fore, we limited ourselves to the detection and comparative 
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analysis of base substitution-only type polymorphisms (e.g., 
transitions and transversions). 

 

 

Fig. (2). ITS sequence length and GC content in 102 clones of 

Rheum tanguticum. Box plots show the interquartile range (IQR) of 

the data, which is defined as the difference between the 75th and 

25th percentiles. The solid and dotted lines in the box represent the 

median and average values, respectively, for length and GC con-

tent. 

 

Despite the exclusion of indels from our study, we identi-
fied a remarkably high level of intra-individual variation in 
R. tanguticum, ranging from 0 (in the sample RTM02) to 168 
polymorphisms (in the sample RTM09). In total, 1773 poly-
morphic sites were identified: 707 sites in the ITS1 region, 
773 sites in the ITS2 region, and 293 sites on the 5.8S exon 
(Fig. 3). Overall, the ITS2 regions had nearly one fold more 
polymorphisms than the ITS1 region. Within the ITS1 re-
gion, the polymorphisms were evenly distributed over the 
200 bp, whereas polymorphisms in ITS2 were primarily 
found in the 350-550 bp regions. Transversions were de-
tected at the highest frequency in the 500-550 bp region of 
ITS2. Furthermore, we found transitions to be the most 
common type of mutation, representing 77% (1366 of 1773 
sites) of all base substitutions in the ITS regions of R. tangu-
ticum. 

 

 

Fig. (3). The distribution of polymorphisms (base substitution-only) 

in the Rheum tanguticum rDNA array, as derived from ITS se-

quencing data and shown in 50-bp bins. 

Sample RTM10 of R. tanguticum is a typical representa-
tive of the samples (see the Appendix Table S1), and a mul-
tiple sequence alignment of five clones of this sample is 
shown in Fig. (4). There were 105 variable sites between 
clones, with the majority of variation existing between 
KF514583 and the three clones KF514579, KF514580, and 
KF514581. Only one variable site was observed between 
KF514583 and KF514582 and a small amount of variation 
was identified among the other three clones.  

Analysis of ITS Sequence Variations by Genetic Distance 

We divided the R. tanguticum mutations into two groups, 
containing intra-specific and intra-genomic variations, which 
were then analyzed using K2P genetic distances. In particu-
lar, we looked at the distribution of divergences within the 
classes at a resolution 0.02 distance units (Fig. 5). Our re-
sults showed that the average intra-specific distance was 
0.1260±0.0755 and that R. tanguticum had a relatively high 
level of sequence divergence, ranging from 0 to 0.3618. In 
addition, K2P intra-genomic distances ranged from 0 to 
0.3338 within individual R. tanguticum specimens (see the 
Appendix Table S1). These results demonstrate a high level 
of variation within the ITS sequences of R. tanguticum. 

Analysis of Phylogenetic Relationships Based on ITS Se-
quences Using NJ Trees 

We constructed a NJ tree based on the 102 ITS sequences 
of R. tanguticum as well as the four GenBank sequences 
from R. officinale, R. nobile, R. rhabarbarum and F. escu-
lentum (Polygonaceae) (Fig. 6). The tree was divided into 
three groups: (1) ten clones from six samples of R. tanguti-
cum (green region) that had high similarity to the ITS se-
quence of R. officinale, (2) a second group containing R. 
nobile, and (3) the remaining eighty-seven clones (including 
the blue, yellow, and red regions, as well as KF514638) that 
had high similarity to the ITS sequence of R. rhabarbarum. 
Overall, the NJ tree supportedthe hypothesis that the ITS 
sequences from R. tanguticum were polyphyletic. Unexpect-
edly, five clones of R. tanguticum (purple region) clustered 
most closely with F. esculentum.  

DISCUSSION 

The present study revealed a high level of intra-specific 
genetic polymorphisms in the ITS regions of R. tanguticum, 
which was consistent with the molecular evidence provided 
by ISSR and SSR analysis in previous reports [8, 25, 30]. 
The high levels of genetic diversity within the population of 
R. tanguticum may be due to several factors. First, mating 
systems are thought to be one of the most important factors 
determining genetic diversity in R. tanguticum. In the wild, 
rheum plants are self-incompatible [31], and it has been 
proven that self-incompatibility is crucial for the mainte-
nance of high levels of genetic variability within many spe-
cies [32]. Second, the physiological structure of R. tanguti-
cum may be another important factor. Indeed, R. tanguticum 
possesses panicles containing numerous small flowers that 
can produce large amounts of trigonous achenes, which are 
small, light, and show a high germination rate between 
plants [33]. Therefore, for developmental reasons, this spe-
cies may have more opportunity to accumulate genetic 
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Fig. (4). The complete alignment matrix of the ITS sequence from sample RTM10 of Rheum tanguticum. 

KF514579 TGTCGAAACC TGCACAAGCA GACAGACCCG CAAACCCGTC TCTAACCCGC CGTCGGGGGG ATCGGGCTCT CTTTTGAGCC  80bp 

KF514580 .......... .......... .......... .G........ .......... .AC....... .......... .......... 

KF514581 ....A..... .......... .......... .G........ .......... .AC....... .......... .......... 

KF514582 .......... ...GT...A. .......AT. .G..T..A.. .......... ..C.A..... .........G .......... 

KF514583 .......... ...GT...A. .......AT. .G..T..A.. .......... ..C.A..... .........G .......... 

 

KF514579 CCCTCCCCCG GCGTGCGCCA ACCAAACCCC GACGCGGATT ATGCCAAGGA CTATGAACAA GAGCGTGTCC CATGCACCTC  160bp 

KF514580 ...-.T.... ......A... .......... .GT.T..... GC........ .......... .....C.... .....G...A 

KF514581 .....T.... .......... .......... .......... G......... .......... .......... .......... 

KF514582 ...C.TA..A .T........ .......... .G...A.... GC........ .......... .....CA..T .G..TG...T 

KF514583 ...C.TA..A .T........ .......... .G...A.... GC........ .......... .....CA..T .G..TG...T 

 

KF514579 GGCGCGCGTG CGACATTGCA TCGTTTCTAC TTAACAGAAC GACTCTCGAC AATGGATATC TTGGCTCTCG CATCGATGAA  240bp 

KF514580 ..T....A.. ......C..G .......... .........T ........G. ..C....... .C......T. .......... 

KF514581 .......... .......... .......... .......... ........G. .......... .......... .......... 

KF514582 A....T.... ....G.C..G ..A....... .......... .......AG. ...A...... .C........ .......... 

KF514583 A....T.... ....G.C..G ..A....... .......... .......AG. ...A...... .C........ .......... 

 

KF514579 GAACGTAGCG AAATGCGATA CTTGGTGTGA ATTGCAGAAT CCCATGAACC ATCGAGTCTT TGAACGCAAG TTGTGCCCGA  320bp 

KF514580 .......... .......... .......... ....T..... ...T...... ........C. ....T..... ...CA..... 

KF514581 .......... .......... .......... .......... .......... .......... .......... .......... 

KF514582 ...T...... .......... .......... ...A..A... .......... .......... .......... ...C...... 

KF514583 ...T...... .......... .......... ...A..A... .......... .......... .......... ...C...... 

 

KF514579 AGCCTTCTGG CCGAGGGCAC GTCTGTCTGG GCGTCACGCA CCTTATCGCA CATGCCCCCT CCGAGGGGCC GAGGCAGAGA  400bp 

KF514580 .......... .......... .......... .......... ..GC.....C .CC....... ...G...A-- .G...G..A. 

KF514581 .......... .......... .......... .......... .......... .......... ...G...... .......... 

KF514582 ........A. .......... A......... ..A....... ..GCG....C .CC....... .T.G...... .G......AG 

KF514583 ........A. .......... A......... ..A....... ..GCG....C .CC....... .T.G...... .G......AG 

 

KF514579 CTGGCCTCCC ATGCGTCTCG GTGCACGACC GGCCTAAACG CAGGCCCCGC GGCCACGAGA AGCCGCAACG ATTGGTGGTG  480bp 

KF514580 ..A.....AT G....C.... .......G.T .......... ........A. ....G..... .T.T..G... ...A...... 

KF514581 .......... .......... .........T .......... .......... .......... .......... .......... 

KF514582 T........T G....C...A .A...T.... ...A....T. ........AT ....G..... ....ATG... .......... 

KF514583 T........T G....C...A .A...T.... ...A....T. ........AT ....G..... ....ATG... .......... 

 

KF514579 TACCAGCGGC CTCGTCCCGT GAAGCATCGC ATCGTGTCTC GCGCGGACCC TGGGCGCCAA AGGGCCTCGA CCACCGTTG  559bp 

KF514580 ...T...... ...A.G.... .......T.. G......... .......... C......... ......C... ......... 

KF514581 .......... .......... .......... .......... .......... C...T..... ......C... ......... 

KF514582 .....A.A.. ..T..G.... .......... G......... .......... C...T..... ......C... ......... 

KF514583 .....A.A.. ..T..G.... .....G.... G......... .......... C...T..... ......C... ......... 
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Fig. (5). The relative distributions of intra-genomic divergence(red) between clones within individual Rheum tanguticum samples and intra-

specific variation (yellow) for the ITS sequences. x axis, K2P genetic distance; y axis, frequency. 

 

 

Fig. (6). Circle Neighbor-Joining trees based on the ITS sequences of Rheum tanguticum and several closely related species. Bootstrap scores 

(1000 replicates) are shown ( 60%) for each branch. 
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mutation compared to other species [34]. Finally, the envi-
ronment may drive R. tanguticum to accumulate high levels 
of genetic diversity. R. tanguticum is distributed primarily 
throughout the eastern region of the Qinghai-Tibet Plateau 
[7], which is highly susceptible to climate change. For ex-
ample, Quaternary climatic oscillations during glacial and 
interglacial stages in this region may have driven periods of 
retreat and expansion in this species. 

In addition, we captured some genetic information from 
R. tanguticum that had not been revealed previously when 

we studied genetic diversity between clones. From analyses 

of the phylogenetic tree, ten clones of R. tanguticum had 
high similarity to ITS sequence of R. officinale, which is 

supported by morphological classification [35]. However, 

eighty-seven clones had high similarity to ITS sequence of 
R. rhabarbarum, which was consistent with palynological 

research [36, 37]. Pollen morphology demonstrated that R. 

tanguticum and R. rhabarbarum were both microechinate-
foveolate, while R. nobile and R. officinale were different. 

Unexpectedly, five clones of R. tanguticum were similar to 

F. esculentum. These two species belong to different genera 
of the Polygonaceae, which may indicate that the ITS of 

nrDNA inherited from parents can reveal horizontal gene-

transfer and hybridization events in the species evolutionary 
history. The phenomena of identical variants across genera 

in nature were also found in the nuclear genome of 

Eleutherococcus giraldii and Panax ginseng of Araliaceae 
[38] and in the nuclear genome of Dendropanax hainanensis 

and Merillinopanax membranifolius of Araliaceae [39]. 

We suggest that the preferable choice for protection of R. 
tanguticum is in situ conservation because of its high intra-

specific genetic variation and its living environment. Genetic 

diversity is important to consider when formulating conser-
vation strategies for species because it is critical to the capa-

bility of a species to adapt to environmental changes [40]. In 

other words, we must select appropriate protection methods 
to maintain as much genetic diversity as possible. For exam-

ple, due to low intra-specific variation and fewer wild re-

sources of P. ginseng, tissue culture, somatic embryogenesis, 
and cultivation were applied [41-43]. However, high genetic 

variation and highly structured geographic patterns were 

found in Lamiophlomis rotate (Lamiaceae), so in situ 
method was used to preserve it in as many populations as 

possible [44]. In addition, we also consider the physiological 

characteristics and the living conditions of species when 
formulating conservation strategies. The protection of Euca-

lyptus impensa in Western Australia is a classic example. 

After in situ conservation, this species was still threatened 
due to frequent fire and disease. Additionally, the seeds of 

this species were difficult to obtain, thus tissue culture and 

micropropagation methods, such as in vitro methods, were 
used in the propagation of E. impensa and had success [45]. 

Nevertheless, over-exploitation has severely threatened the 

availability of R. tanguticum in nature. Hence, based on the 
high genetic diversity of R. tanguticum, the first step will be 

to prohibit excavation and establish nature reserves for re-

maining populations. The second step will be to conduct 
artificial cultivation to breed excellent germplasms of R. 

tanguticum and solve the difference between conservation of 

R. tanguticum and increasing market requirements. 

CONCLUSIONS 

In summary, the present study revealed a high level of 

genetic diversity in the ITS regions of R. tanguticum. In ad-
dition, we identified genetic information from R. tanguticum 

that has not been revealed previously. Our results showed 

that ten clones of R. tanguticum had high similarity to the 
ITS sequence of R. officinale, eighty-seven clones had high 

similarity to the ITS sequence of R. rhabarbarum, and five 

clones of R. tanguticum were similar to F. esculentum. Based 
on these results, in situ conservation is the preferable choice 

for protection of R. tanguticum. 
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ABBREVIATIONS 

ITS = Internal transcribed spacer of nuclear ribo-
somal DNA 

ITS1 = Internal transcribed spacer 1 of nuclear ribo-
somal DNA 

ITS2 = Internal transcribed spacer 2 of nuclear ribo-
somal DNA 

nrDNA = Nuclear ribosomal DNA  

TCM = Traditional Chinese medicine 

PCR = Polymerase chain reaction 

NJ tree = Neighbor-joining phylogenetic tree 

K2P = Kimura 2-parameter distance 

MEGA5.0 = Molecular Evolutionary Genetics Analysis 
version 5.0 

HMM = Hidden Markov model 

Indels = Insertions and deletions 
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