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The taxonomy of some Calligonum species has been controversial due to overlapping morphological char-
acters between species. Although C. ebinuricum and C. trifarium are currently distinguished by the number 
of rows of bristles on fruit ribs, the suitability of this character for taxonomic classification has been ques-
tioned. In this study, morphological characters were used in combination with sequences of the chloroplast 
ribulose-1,5-bisphosphate carboxylase large subunit (rbcL), chloroplast-encoded maturase K (matK), and 
nuclear ribosomal internal transcribed spacer (ITS) DNA regions to aid in classification. The results re-
vealed that, except the achene shape, the mean value of eight morphological characters of C. trifarium were 
larger than those of C. ebinuricum. All the intraspecific variability of nine morphological characters of C. 
ebinuricum were larger than C. trifarium. Other than achene diameter, the rest of the intraspecific variabil-
ity of eight morphological characters of C. ebinuricum were larger than the interspecific variability. All the 
morphological characters were not significant between between C. ebinuricum and C. trifarium. No rbcL or 
matK sequence variation was observed between C. ebinuricum and C. trifarium. ITS sequences of C. 
ebinuricum and C. trifarium differed at four sites, one of which was parsimony informative, and pairwise 
distances and standard errors were equal to 0.003 and 0.002, respectively. Based on our statistical analysis 
of fruit morphological characters, molecular data and same geographical area, we support the merger of C. 
ebinuricum and C. trifarium into a single species, C. ebinuricum. 
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INTRODUCTION 
 Calligonum L. (Polygonaceae) is a genus of shrubs 
and sub-shrubs distributed throughout North Africa, Asia, and 
Southern Europe. Species identification is based primarily on 
fruit morphology and anatomy (Mao and Pan 1986), but these 
diagnostic characters are highly variable. As a consequence of 
variable fruit morphology and interspecific hybridization, 
polymorphism is common, and wildly-differing species con-
cepts have been proposed (Mao 1998). Pavlov (1936) includ-
ed 117 species in Calligonum; this number was later merged 
to 45 by Nabiev (1971), and then reduced to 26 species and 
11 varieties by Soskov (1974, 1975). Mao and Pan (1986) 
recognized 35 species and 11 varieties, including 24 species 

in China. More recently, Mao (1998), followed by Bao and 
Grabovskaya-Borodina (2003), have listed 23 Chinese spe-
cies. 
 In China, Calligonum species occur mainly in Inner 
Mongolia, Gansu, Ningxia, and Xinjiang. Calligonum is one 
of the dominant genera in the Xinjiang desert flora (Mao 
1998), with 22 species present in the region. The taxonomic 
status of some Chinese Calligonum species is currently sub-
ject to debate. 
 One recent controversy concerns C. juoqiangense Liou 
f. and C. pumilum Losinskaya. Some authors (e.g., Bao and 
Grabovskaya-Borodina 2003) consider these two species to 
be a single entity. In contrast, Feng et al. (2010a; 2010b) ar-
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gue that they are distinct species, noting characteristics such 
as different numbers of rows of bristles on each rib, bristle 
rigidity, and rib twist direction. A similar situation, addressed 
in our study, involves two species described from Ebinur 
 Lake, Xinjiang, namely, C. ebinuricum Ivanova ex 
Soskov (Soskov 1969) and C. trifarium Z. M. Mao (Mao 
1984). The two species share a common geographical range 
and possess similar morphologies. They differ only in the 
bristle features on each fruit rib: C. ebinuricum ribs have two 
rows of soft bristles, whereas those of C. trifarium have three 
rows of stiff bristles. On the base of observation, Kang et al. 
(2008) have suggested that C. ebinuricum and C. trifarium 
should be merged into a single species. In the present study, 
we use morphological statistics and the DNA barcoding meth-
od to assess the taxonomic status of these two species. 
DNA barcoding is a diagnostic technique for species identifi-
cation which uses a short, standardized DNA region (Lahaye 
et al. 2008). Combination of DNA sequence data with exist-

ing morphological and geographical information accelerates 
the rate of identification and classification of global biological 
species (DeSalle 2006). In this study, fruit morphology and 
molecular data were analyzed to identify and classify the two 
species. 
 
MATERIALS AND METHODS 
 For the morphological portion of this study, 30 fruits 
were selected randomly and examined with the electronic 
digital calipers from each wild plant. The morphological char-
acters used in the statistical analysis were fruit length, fruit 
diameter, fruit shape, fruit size, bristle length, distances be-
tween ribs, achene length, achene diameter, achene shape, 
which also have traditionally been used to distinguish Calli-
gonum species. 
 For molecular analysis, branchlets of C. ebinuricum 
and C. trifarium were collected in the field in Xinjiang (Table 

Table 1. Plant materials used in the present study 

Species Voucher number Collection site 
Gene bank accession number 
rbcL matk ITS 

C. ebinuricum 01 B3-1 Jinghe ,Xinjiang JQ731655 JQ731647 JQ731663 
C. ebinuricum 02 B3-3 Jinghe ,Xinjiang JQ731656 JQ731648 JQ731664 
C. ebinuricum 03 B5-1 Jinghe ,Xinjiang JQ731657 JQ731649 — 
C. ebinuricum 04 B5-2 Jinghe ,Xinjiang JQ731658 JQ731650 JQ731665 
C. trifarium 01 B3-2 Jinghe ,Xinjiang JQ731659 JQ731651 — 
C. trifarium 02 B4-1 Jinghe ,Xinjiang JQ731660 JQ731652 JQ731666 
C. trifarium 03 B4-3 Jinghe ,Xinjiang JQ731661 JQ731653 JQ731667 
C. trifarium 04 B5-3 Jinghe ,Xinjiang JQ731662 JQ731654 — 

Fig 1. The mean value of nine morphological characters of C. ebinuricum and C. trifarium 
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1.). Total genomic DNA was extracted using the modified 
CTAB method of Doyle and Doyle (1987). PCR am-
plifications were performed using the primer pairs rbcL_aF
(ATGTCACCACAAACAGAGACTAAAGC) & rbcL_aR
(GTAAAATCAAGTCCACCRCG) for the rbcL gene, 
matK_2F(CCCATCCATCTGGAAATCTTGGTTC) and 
matK_2F(GCTGTAATAATGAGAAAGATTTCTGC) for 
the matK gene, and ITS1F
(AGAAGTCGTAACAAGGTTTCCGTAGC) and  ITS4R
(TCCTCCGCTTATTGATATGC) for the ITS region. The 
rbcL and matK regions were amplified using the following 
conditions: incubation at 94°C for 2 min, followed by 34 cy-
cles of denaturation (94°C for 30 s), annealing (58°C for 45 
s), and extension (72°C for 1 min 30 s), and a final extension 
step of 72°C for 10 min. For ITS amplifications, reaction con-
ditions were as follows: incubation at 94°C for 2 min; 34 cy-
cles of denaturation (94°C for 30 s), annealing (58°C for 45 
s), and extension (72°C for 1 min 30 s); and a final extension 
at 72°C for 10 min. DNA sequencing reactions were carried 
out using a BigDye Terminator v3.1 cycle sequencing kit 
(Applied Biosystems)in Beijing; the resulting products were 
purified and sequenced on an Applied Biosystems 3730XL 
DNA Analyzer. Both forward and reverse strands were se-
quenced.  

Morphological data were processed by using Excel 2007 and 
SPSS 19.0 software. DNA sequence data were edited, aligned, 
and analyzed using Chromas1.5 and MEGA5 software.  
 
RESULTS 
Morphological data analysis 
 The most valuable characters in fruit morphology of 
section medusa in Calligonum addressing its infrageneric tax-
onomy are the size which was affected by fruit length, fruit 
diameter and bristle length and row number of bristle on each 
rib. Characters such as achene length, achene diameter and 
achene shape assessed here also provide valuable characters 
in infrageneric classification of Calligonum. The mean value 
of nine morphological characters were shown in Fig1., among 
the nine morphological characters, except the achene shape, 
the mean value of other eight morphological characters of C. 
trifarium were larger than those of C. ebinuricum. The intra-
specfic variability of nine morphological characters of C. 
ebinuricum and C. trifarium were ranged (Table 2.), all the 
intraspecific variability of nine morphological characters of C. 
ebinuricum were larger than C. trifarium. Other than the 
achene diameter, the rest of the intraspecific variability of 
eight morphological characters of C. ebinuricum were even 
larger than the interspecific variability. Table 3. shows that, 

Table 2. The mean value, intraspecfic and interspecific variability of nine morphological characters of C. ebinuricum and  
C. trifarium 

Morphological characters 
intraspecific  variability 

Interspecific variability 
C. ebinuricum C. trifarium 

fruit length （cm） 15.16 6.55 13.91 

fruit diameter（cm） 19.73 7.78 15.20 
fruit shape 11.44 5.63 9.09 

fruit size(cm2) 32.58 13.12 25.88 

bristle length（cm） 20.39 12.94 16.96 

distances between ribs（cm） 34.59 14.32 33.27 

achene length（cm） 15.35 6.23 14.46 

achene diameter（cm） 17.18 11.50 23.81 
achene shape 21.98 12.88 21.44 

Table 3. Nonparametric test statistic of nine morphological characters between C. ebinuricum and C. trifarium 

Index 
fruit 
length 
（cm） 

fruit diameter
（cm） 

fruit 
shape 

fruit size 
(cm2) 

bristle 
length
（cm） 

distances 
between ribs
（cm） 

achene 
length
（cm） 

achene 
diameter
（cm） 

achene 
shape 

Chi-Square 0.000 0.000 0.000 0.000 0.667 0.000 0.000 0.667 0.000 

df 5 5 5 5 4 5 5 4 5 
Sig. 1.000 1.000 1.000 1.000 .955 1.000 1.000 .955 1.000 
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the all morphological characters were not significant between 
between C. ebinuricum and C. trifarium 
Molecular Analysis 
 PCR amplification of rbcL and matK chloroplast re-
gions was successful for 100% of our samples, whereas only 
62.5% of ITS amplifications yielded products. Except for the 
ITS region, sequences were obtained for all samples. Se-
quence alignment length, GC content, number of variable 
sites, and number of indels for the three regions are presented 
in Table 4. The shortest sequences were those of rbcL; the 
longest were from the ITS region. The mean GC content of 
the three regions was almost identical in C. ebinuricum com-
pared to C. trifarium. Other than the ITS region of C. trifari-
um, which contained two variable sites and one indel, no in-
traspecific sequence variation was observed. Intraspecific 
pairwise distances in rbcL, matK and ITS regions were zero 
in C. ebinuricum, and 0.000, 0.000 and 0.003, respectively, in 
C. trifarium. 
 There were no variable sites across rbcL and matK 
regions between C. ebinuricum and C. trifarium, and the in-
terspecific pairwise distance and standard error were zero 
(data not shown). A comparison of ITS sequences of C. 
ebinuricum and C. trifarium revealed four variable sites, only 
one was parsimony informative. Pairwise distances and stand-
ard errors between the ITS sequences of the two species were 
0.003 and 0.002, respectively (Table 5); these pairwise dis-
tances are much less than those typically found for ITS at the 
species (1.2-10.2%) and family (9.6-28.8%) levels in angio-
sperms (Chen and Qu 1999). 
DISCUSSION 
 Morphological characters are the outside exhibition of 
organism, intraspecific variation in morphology is often used 
to resolve taxonomic problem, and it also indicate some fac-

tors that maintain characteristics of morphological variation. 
The morphology of the Calligonum fruit has so far been the 
subject of taxonomic studies. Shi et al. (2009, 2011) and 
Kang et al. (2008) found that the fruit characters of some Cal-
ligonum species like the row number of bristles on each rib, 
rib twist direction, and rigidity and density of bristles were 
not stable, probably because of phenotypic plasticity, local 
selection, and genetic drift.  
 Though morphological characters in plant species are 
affected by both of the genetic and environmental factors, but 
some time the genetic factor could not play a significant role. 
For example, Li et al.(2004) examined the relationship be-
tween the morphological and genetic variations of Dipteronia 
dyeriana and revealed that morphological variations of this 
species was intensively influenced by the environmental fac-
tors, while its correlation with the population genetic back-
ground was not significant. 
 The morphological statistics in this study revealed 
that, the intraspecific variability of morphological characters 
of C. ebinuricum almost larger than the intraspecific variabil-
ity of C. trifarium and interspecific variability, and there are 
not significance of all morphological characters between C. 
ebinuricum and C. trifarium. The molecular data showed very 
low nucleotide substitution, there were not enough parsimony 
informative sites within the cpDNA matK, rbcL, nrDNA ITS 
sequence, the Calligonum species were not distinguish from 
each other based on them, This study also use the some other 
cpDNA region, like trnL-F, accD, atpB-rbcL, atpF-H, psbA-
trnH, psbK-I, rpoB, rpoC1, psaA sequences of C. ebinuricum 
and C. trifarium for taxonomy, but due to the too low nucleo-
tide substitution of between species, the data was not ana-
lyzed here.  
 Environmental factors of the habitat may have played 

Table 4. Statistical summary of rbcL, matK and ITS DNA regions in C. ebinuricum and C. trifarium 

 Index 
C. ebinuricum C. trifarium 

rbcL matk ITS rbcL matk ITS 
Length range(bp) 508 601 637 508 601 637 
mean GC content(%) 43.9 35.6 67.5 43.9 35.6 67.6 
Variable site 0 0 0 0 0 2 
indels for pairwise alignment 0 0 0 0 0 1 
pairwise distance 0.000 0.000 0.000 0.000 0.000 0.003 

Table 5.  ITS variable sites (far left), pairwise distances (lower left) and standard error (upper right) between C. ebinuricum 
and C. trifarium . 

Species 
Variable site Pairwise Dist and Std. Err 

91 323 409 577 1 2 3 
C. ebinuricum (01,02,04) T G T T   0.002 0.002 

C. trifarium (02) T T C G 0.003   0.002 
C. trifarium (03) C G — G 0.003 0.003   
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an important role in determining the morphological characters 
in plant species. The intraspecfic and interspecific variability 
of C. ebinuricum and C. trifarium may be the result of micro-
scale adaptation or different habitat like the geographical dis-
tribution, soil character and climate etc. Based on similar fruit 
morphology and the lack of enough ITS, rbcL, and matK se-
quence variation, we conclude that C. ebinuricum and C. 
trifarium represent the same species. We recommend placing 
C. ebinuricum and C. trifarium in synonymy, retaining the 
name C. ebinuricum for the species in accordance with no-
menclatural rules. 
Note: Calligonum juoqiangense Liou f. was found by Liu 
Yingxin in 1985 around Ruoqing county in Xinjiang prov-
ince, China and give the name of Calligonum juoqiangense 
Liou f., after that some people wrote its name as C. juo-
qiangense (Liu, 1985; Bao and Grabovskaya-Borodina,2003 ; 
Feng,2010a), and some others wrote its name as C. 
ruoqiangense (because it was found in Ruoqiang county) 
( Mao,1992; Feng, 2010b). For example Feng Ying wrote 
different name in her two different papers (Feng, 2010a, 
2010b). So in this paper it was written as C. juoqiangense. 
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