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INTRODUCTION 
 Much of our understanding of the genes in-
volved in morphological evolution and speciation  
came from taxa that are sufficiently different to be 
regarded as separate species (Stebbins 1950) and Cal-
ligonum mongolicum Turcz. complex is a prime exam-
ple. 
 The C. mongolicum group has a complex taxo-
nomic relationship. Calligonum mongolicum was the 
first species described in the section Medusa Sosk. et 
Alexandra (Bao and Alisa 2003) and has a widespread 
distribution from Xilinhot-Inner Mongolia in the east, 
west to Kumul and Tushantuo Basin in Xinjiang, 

south to Milan in Xinjiang, and north to the Baitashan, 
Qitai, Karamay in Xinjiang. The longitudinal extent of 
C. mongolicum is about 24° and it is the most widely 
distributed member of this genus (Pavlov 1936, Drob-
ov 1953, Baitenov, 1960, Sergievskaya 1961, Ko-
valevskaja 1971). Five species viz. C. pumilum Los., 
C. gobicum Los., C. chinense Los., C. alashanicum 
Los. and C. zaidamense Los. were subsequently de-
scribed (Bao and Alisa 2003), all of which occur with-
in the geographical range of C. mongolicum. These 
species have a complex taxonomic relationship and 
were first described by Losinskaja (1927).  Soskov 
(1975) merged them into C. mongolicum based on 

Present study is focused on taxonomic characters and genetic variation in Calligonum mongolicum 
Turcz. (Polygonaceae) complex which includes C. alashanicum A. Los., C. chinense A. Los., C. 
gobicum A. Los., C. pumilum A. Los., and C. zaidamense A. Los.. Relationships within and in 
between populations of C. mongolicum and six related species (C. alashanicum, C. chinense, C. 
gobicum, C. pumilum, and C. zaidamens) was examined on the basis of their phenotypes like 
flower, life-form, branches, and fruit morphological characters; karyotypes and microsatellite 
markers which can improve conservation of this plants and its germplasm resource. The phenotypes 
of parents and offspring were compared and all the indices had no taxonomic value in this complex. 
Calligonum mongolicum includes diploid (2n = 18) and triploid (2n = 27) individuals. All the spe-
cies have similar karyotypes (2B or 2C) which suggest that C. pumilum, C. gobicum, C. chinense 
and C. zaidamense are probably derived from C. mongolicum.  Only 4/14 of the polymorphic mi-
crosatellite loci that have been isolated and characterized in C. mongolicum were successfully am-
plified in C. mongolicum, C. pumilum, C. gobicum, C. chinense, and C. zaidamense.  Based on com-
parison of the phenotypes, karyotypes, and microsatellite markers, it has been suggested that C. 
pumilum, C. gobicum, C. chinense, and C. zaidamense should be merged within C. mongolicum. 
Investigations on the offspring and karyotypes of C. alashanicum alongwith ITS sequencing shall 
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their fruit characters. However, Mao (1984) main-
tained the species complex, in agreement with Losin-
skaja and the species were recognized in the recent 
Flora of China (Bao and Alisa 2003).  
 Species of Calligonum L. (Polygonaceae) are 
typical drought tolerant desert plants found growing in 
active sand dunes and stabilized sand fields in north 
extreme deserts of China, where they can withstand 
extreme drought and cold. The taxonomic history of 
Calligonum mongolicum complex is in flux because 
morphological and anatomical fruit characters are 
regarded as key taxonomic critaria (Bao and Alisa 
2003, Kang 2007) but fruits of these species and other 
morphological characters are quite similar, which 
makes the separation of species very difficult (Mao 
1984, Shi 2009, Shi et al. 2011) 
 In the current study, we initially selected all 
phenotypes and evaluated them, before comparing  
fruit morphology and plant height of the offspring and 
parents to elucidate their taxonomic value and genetic 
variation. We also performed karyotype analysis of C. 
mongolicum, C. pumilum, C. gobicum, C. chinense, 
and C. alashanicum for the first time.  Despite several 
studies during the last ca. 30 years, the reports of 
chromosome numbers (Alexandrova 1969, Soskov 
1975, Shi 2009, Wang 1986, Wang 1985) and 14 mi-
crosatellite markers (Zhang and Zhu 2009) were used 
to elucidate the taxonomic and genetic relationships in 
the complex.  
  
MATERIALS AND METHODS 
Methods 
 Ten individuals were selected from each popu-
lation of C. mongolicum complex in their natural habi-
tat (Fig 1, Table 1). Calligonum produce root suckers 
so 40 m spacing was maintained between different 
samples (Shi 2009). The fruits were collected from all 
individuals and were planted for collecting germplasm 
resources, on a site which was 1 ha with an effective 
planting area of 0.6 ha. To investigate the canopy in 
wild-type conditions, a planting area of 1.5 ´ 1.5 m 
was designated (Fig 2). 
Morphology 
 The sample plant phenotypes were observed 
during 2006 to 2010, including flowers, life-form, 
branches, fruit, and plant height in their natural habitat 

and artificial populations (i.e., the germplasm resource 
planting site). Vernier calipers were used to measure 
the fruit length (FL) and fruit width (FW) of parent 
fruit in their natural habitats during 2006 and their 
offspring growing at the germplasm resource planting 
site on April 29, 2010, which had been growing from 
the fruits of parents planted during December 2008. 
These measurements were used to calculate fruit size 
(FS = FL ´ FW) and fruit form (FF = LF/WF) (Ren 
2002, Ren 2003, Shi 2009). Plant height of parents in 
their natural habitats was measured from June 1 to 
June 31, 2006 and that of their offspring at the plant-
ing site on April 29 in 2010.  
Karyotype analysis 
 Eugenic root tips were kept in water between 
09:00 h and 12:00 h, before being placed in 8-
hydroxyquinoline (0.002 mol L–1) for 6–8 h at 15–
18°C with subsequent transfer to water. The root tips 
were fixed in Carnoy's fluid (anhydrous alcohol/acetic 
acid, 1:3 v/v) for 15–18 h at less than 4°C and were 
stored in 70% ethanol at 4°C.  
 The root tips were placed in hydrochloric acid 
(1 mol L–1) in a 60°C water bath for 15 min and 
washed with water. The vegetative pole of the roots 
were excised and placed in a dye solution (basic ma-
genta) for 24 h. Preparation of smears was done using  
Li and Song (1993). Slides were observed under 
Olympus BX51 microscope and microphotograph 
were taken using Olympus DP70 camera. Karyotype 
analysis was performed using the LEICA CW4000 
Karyo program and the cytological methods given by 
Li and Chen (1985). 
Microsatellite markers 
 The microsatellite markers were obtained from 
Beijing Sunbiotech Co. Ltd (China) and the analysis 
was done as per description given by Zhang and Zhu 
(2009). The data and images were analyzed using Ex-
cel 2007, Origin 7.5, Photoshop 8.0.1, and SPSS 
v15.0 (SPSS Inc., Chicago, USA). 
 
RESULTS 
Flowers 
 Pedicel length (mm), joint position, color of 
petals and flowering period of Calligonum L. 
germplasm resource planting site were compared with 
the descriptions of flowers given in the “Flora of Chi-
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na” (Bao and Alisa 2003) and the results are shown in 
Table 2. It was found that the pedicel varied in length 
from 1 to 3 mm in the entire complex, the pedicel 
joint position was below the middle or in the middle, 
the flower petals were white, light red, or red, and 
flowering occurred at planting site from May to Au-
gust. These observations showed that the flower char-
acters do not provide useful taxonomic indices for the 
complex. 
Life-form, branching and plant height 
 Our observations on life-form, height and 
branching descriptions were compared with the de-
scription given in the “Flora of China” (Bao and Ali-

sa，2003) for Calligonum L. germplasm resource 
planting site and the results are shown in Table 3. 
 All the species studied in the complex are 
shrubs. The old branches were spreading or flexuous 
and were grayish white, light gray or light yellow-
gray. The internodal length of young branches was 
different, ranging from 0.5 to 4 cm during different 
growth periods. In the same habitats, variations in 
these characters tended to be similar. 
 The plant heights of the complex members 
given in the “Flora of China” were quite different 
from the actual observations. All the plant heights 
were similar. We compared those of the parents and 
offspring and we found that the heights of the off-
spring converged (Fig 3). It was noteworthy that M1 
population (C. mongolicum in Erlianhot, Inner Mon-
golia) individuals that were selected (10~20 cm) grew 
to the same height as others (50~100 cm). However, 
we failed to grow any C. alashanicum offspring so we 
could not determine their plant height. 
Variation in fruit characters  
 Fruit characters during the last 4 years were 
compared (Shi 2009, Shi et al. 2011, Shi et al. 2012). 
Previous researches were focused on the controversial 
method for taxonomic study of  Calligonum mongol-
icum complex (C. gobicum，C. chinense，C. pu-

milum，C. alashanicum，C. zaidamense, and C. ro-
borowskii) where the relationships among populations 
were based on 11 fruit characters. Cluster analysis of 
data for the 11 fruit characters in all the populations 
failed to place C. mongolicum population in a single 
cluster, which was apparently due to overlaping fruit 

phenotypic characters with other Calligonum species 
(Fig 4). The results indicated that there were differ-
ences between populations of C. mongolicum and its 
related species. We found variable and overlapping 
states among the morphologies of C. mongolicum and 
its related species especially the key taxonomic char-
acters. This suggested that fruit characters cannot be 
used as appropriate taxonomic characters.  
 We also compared fruit length, fruit width, 
fruit size and fruit shape in parent and offspring popu-
lations (Fig 5). It was obvious that the fruit length, 
fruit width, and fruit size of the offspring were greater 
than their parents, although the fruit shape of off-
spring tended to be similar. However, we failed to 
grow any offspring for C. alashanicum so we could 
not compare the fruit characters of this species. This 
was consistent with our earlier study (Shi 2012) which 
showed that differences in fruit size among popula-
tions of Calligonum mongolicum and related species 
were related to soil variability, especially the nutrient 
contents of soils. Thus, fruit size cannot be considered 
as an appropriate taxonomic index for Calligonum 
mongolicum and related species. The fruit differences 
were attributed to environmental rather than genetic 
factors. 
Karyotype analysis 
The karyotypes of each Calligonum species are shown 
in Fig 6 and Table 4. 
 C. mongolicum is distributed throughout Gan-
su, Inner Mongolia, and Xinjiang. The species con-
tains diploid and triploid cytotypes. The karyotype 
formulae were 2n = 2x = 18 = 8m+10sm and 2n = 3x 
= 27 = 8m+8sm+2st respectively. The karyotypes 
were 2B or 2C (Table 4). The total chromosome 
lengths were 49.07 μm (diploid) and 40.34 μm 
(triploid) and the lengths ranged from 2.79 μm to 8.87 
μm and from 1.96 μm to 10.00 μm respectively. 
 C. gobicum is distributed in Gansu, Inner 
Mongolia, and Xinjiang. The species is comprised of 
diploid cytotypes, and the karyotype formula was 2n 
= 2x = 18 = 4m+14sm. The karyotype was 2B. The 
total chromosome length was 24.10 μm and the 
lengths ranged from 1.48 μm to 4.75 μm. 
 C. pumilum is distributed in Xinjiang. It in-
clude diploids and the karyotype formula was 2n = 2x 
= 18 = 8m+8sm+2st. The karyotype was 2B. The total 
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Table 1. Accessions of C. mongolicum, C. pumilum, C. gobicum, C. chinense, C. zaidamense, and  
C. alashanicum  

Species  Population Location Latitude Longitude Altitude Species Number 

C. mongolicum 

M1 
Erlianhot, Inner 

Mongolia 
E112° 03′ N 43° 45 ′ 898.3m 06005-06014 

M2 
Qingtongxia, Ninxia, 

China 
E105° 55 ′ N 38 °01′ 1134 m 06020-06029 

M3 
Ejina, Inner Mongo-

lia 
E100° 26 ′ N 41° 27 ′ 1003 m 06056-06067 

M4 Yumen, Gansu E98°53′ N 39 °52′ 1325 m 06135-06144 

C. pumilum 
P1 Hami, Xinjiang E091°32 N43°23′ 1038m 05010-05019 

P2           

C. chinense C1 Zhangye, Gansu E100°18 N39°28′ 1458m 06113-06122 

C. gobicum G1 
Ejina, Inner  

Mongolia 
E 100°27′ N 41°43′ 969.8m 06047-06056 

C. zaidamense Z1 Zhangye, Gansu E100°18′ N39°3′ 1458m 06103-06112 

C. alashanicum A1 Minqin, Gansu E 102°52′ N38°34′ 1369m 06173-06193 

Table 2. Comparison of flower characters of C. mongolicum, C. pumilum, C. gobicum, C. chinense,  
C. zaidamense, and C. alashanicum 

  
Length of     

pedicel (mm) 
Joint position Color of flower petals Flowering 

period 

C. mongolicum FC. 1~2 Below middle White or light red May–Jul 

AO. 1~3 Below middle or middle White, light red, red May-Aug 

C. gobicum 
FC. 2~3 Below middle Red May–Jul 

AO. 1~2 Below middle or middle Red, light red May-Aug 

C. chinense 
FC. 3~4 Middle Dark or light red May 

AO. 1~3 Below middle or middle Red, light red May-Aug 

C. pumilum 
FC. 3~4 - light red Apr–May 

AO. 1~3 Below middle or middle Red, light red May-Aug 

C. zaidamense 
FC. - - - Jul 

AO. 1~3 Below middle or middle White, light red, red May-Aug 

C. alashanicum 
FC. 2~3 - - May 

AO. 1~3 Below middle or middle White, light red, red May-Aug 
FC: description in the “Flora of China”; AO: description based on actual observations  
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Table 3. Comparison of the life-form and branching characters of C. mongolicum, C. pumilum, C. gobicum,   
C. chinense, C. zaidamense, and C. alashanicum  

  
Life-form Form of old 

branches 
Color of branches Internodal length of 

young branches 

C. mongolicum 
FC. 

Shrubs spreading, 
flexuous 

grayish white or light yel-
low-gray 

0.6~3 

AO. 
Shrubs spreading, 

flexuous 
grayish white or light yel-
low-gray 

0.3~4 

C. gobicum 
FC. 

Shrubs long, straight grayish white or light yel-
low-gray 

1.5~3 

AO. 
Shrubs spreading, 

flexuous 
grayish white or light yel-
low-gray 

0.5~3 

C. chinense 
FC. Shrubs - light gray 1~3 

AO. 
Shrubs spreading, 

flexuous 
light gray or light yellow-
gray 

0.6~3.5 

C. pumilum 
FC. 

Shrubs - gray or light yellow-gray 1~3.5 

AO. 
Shrubs spreading, 

flexuous 
light gray or light yellow-
gray 

0.8~4 

C. zaidamense 
FC. 

Shrubs upward 
spreading 

light gray or  yellow-gray 2~3 

AO. 
Shrubs spreading, 

flexuous 
light gray or light yellow-
gray 

0.4~4 

C. alashanicum 
FC. Shrubs - gray or  yellow-gray - 

AO. 
Shrubs spreading, 

flexuous 
gray or light yellow-gray 0.5~4 

Table 4. Comparison of the karyotypes of three populations of C. mongolicum, C. pumilum, C. gobicum,      
C. chinense and C. zaidamense 

Populations Karyotype formula Ratio of L/S PCA Karyotype As.K (%) 

M2 2n=2x=18=8m+10sm 2.71 44% 2B 62.51% 

2n=3x=27=8m+8sm+2st 5.10 44% 2C 62.20% 

M3 2n=2x=18=8m+8sm+2st 2.16 44% 2B 63.02% 

M4 2n=2x=18=6m+12sm 2.23 44% 2B 63.71% 

G1 2n=2x=18=4m+14sm 3.21 44% 2B 63.28% 

P1 2n=2x=18=8m+8sm+2st 3.99 44% 2B 63.04% 

Z1 2n=2x=18=6m+12sm 4.41 44% 2C 61.82% 

C1 2n=2x=18=10m+8sm 4.11 44% 2C 63.05% 
PCA: percentage of chromosomes with an arm ratio of >2; As.K: index of karyotypic asymmetry; 
M1: the population of C. mongolicum in Erlianhot, Inner Mongolia; M2: the population of C. mongolicum in Qingtongxia, Ninxia; 
M3: the population of C. mongolicum in Ejina, Inner Mongolia; M4: the population of C. mongolicum in Yumen, Gansu; P1: the 
population of C .pumilum in Hami, Xinjiang; C1: the population of C. chinense in Zhangye, Gansu; G1: the population of C gobi-
cum in Ejina, Inner Mongolia; Z1: the population of C. zaidamens in Zhangye, Gansu. 
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chromosome length was 30.07 μm and the lengths 
ranged from 1.81 μm to 7.21 μm. 
 C. chinense is distributed in Gansu, Inner 
Mongolia, and Xinjiang. It is comprised of diploids 
and the karyotype formula was 2n = 2x = 18 = 
10m+8sm. The karyotype was 2C. The total chromo-
some length was 31.99 μm and the lengths ranged 
from 1.81 μm to 7.54 μm.  
 C. zaidamense is distributed in Gansu and Qin-
hai. It consisted of diploid cytotypes and the karyo-
type formula was 2n = 2x = 18 = 6m+12sm. The kary-
otype was 2C. The total chromosome length was 
45.08 μm and the lengths ranged from 2.62 μm to 
11.64 μm. 
 The karyotypes of the complex were similar. 
The L/S ratios of the related species were relatively 
higher than that of C. mongolicum, while the As.K 
(%) of the other four species was higher. Most of the 
species had two chromosome arm types (m and sm) 
and similar karyotype formulae. There were only two 
karyotypes (2B and 2C). The total chromosome length 
and the length ranges were similar, while a pair of 
chromosome arms was obviously longer than those 
found in C. pumilum, C. gobicum, C. chinense, and C. 
zaidamense. 
Microsatellite markers  
 Cross-priming tests were performed in the 
complex including C. mongolicum, C. pumilum, C. 
gobicum, C. chinense and C. zaidamense using three 

individuals from each species in their natural popula-
tions. The 14 polymorphic microsatellite loci isolated 
and characterized for C. mongolicum by Zhang and 
Zhu (2009) were used to assess the complex. Only 
four loci were successfully amplified in C. mongol-
icum, C. pumilum, C. gobicum, C. chinense, and C. 
zaidamense (Table 5, Fig 7).  
 
DISCUSSION  
 Phenotypic plasticity is also known as environ-
mental modification and it plays a key role in modu-
lating how environmental variations affect the popula-
tion dynamics (Stebbins 1950). The overall phenotyp-
ic similarity, high plasticity and the incidence of inter-
specific hybrids in the Calligonum mongolicum com-
plex have led to an ongoing dispute related to species 
attributions. Some species that are based on phenotyp-
ic plastic variation are still regarded as ‘good spe-
cies’ (Xu 1998). The difficulties of the taxonomy of 
agamic complexes become more problematic after the 
description of new species (Xu 1998).  
 The Calligonum mongolicum complex pro-
vides a good example. Fruit characters have been used 
as key taxonomic characters for delimiting species in 
the complex for a long time (Mao 1984, Bao and Ali-
sa 2003, Kang 2007) but individual plants within the 
same population were found to possess significant 
differences in their fruit morphology with all of the 
species. This was consistent with studies of morpho-

Table 5. The results of 14 microsatellites makers in C. mongolicum, C. pumilum, C. gobicum, C. chinense and  
C. zaidamense 

  Cm01 Cm02 Cm03 Cm04 Cm05 Cm06 Cm07 

M2 ＋ － － － － － ＋ 
G1 － － － － － － ＋ 
C1 ＋ － － － － － ＋ 
Z1 ＋ － － － － － － 
P1 ＋ － － － － － ＋ 
  Cm08 Cm09 Cm10 Cm11 Cm12 Cm13 Cm14 

M2 ＋ － － － － － － 
G1 ＋ － － － － － ＋ 
C1 － － － － － － － 
Z1 ＋ － － － － － － 
P1 ＋ － － － － － ＋ 
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Fig 1. Geographical location of the study. A, Regions where the Calligonum mongolicum complex is found in 
China are shaded in grey, while the box corresponds to the study area. B, Sampling sites in the study. See 
Table 1 for abbreviations. 

Fig 2. Calligonum L. germplasm resource  

logical variation in populations of C. ebinuricum 
(Kang 2008) and C. roborowskii (Gulinuer 2008). 
Fruit characters cannot be considered taxonomically 
reliable for distinguishing the species of C. mongol-
icum complex, where the degree of similarity was 
consistent with the geographic distance between pop-
ulations (Shi et al. 2011). Fruit size of different popu-
lations and the soil properties of their habitat had a 
significant linear correlation (p < 0.001). It was con-
cluded that differences in fruit size among popula-
tions of Calligonum mongolicum and related species 
were related to soil variability, especially the nutrient 
content of the soil (Shi et al. 2012).  
 Phenotypic variability is controlled by genetic 
and environmental factors, especially the variation in 
characters with high phenotypic plasticity, which is 

strongly influenced by environmental conditions. 
Thus, such characters are not reliable indicators of 
genetic relationships (Davis 1983, Xu 1986). Exclud-
ing fruit differences, other phenotypes were also con-
sidered in this study. After five years of observations 
and comparing all the phenotypes of the parents and 
offspring, including the flower indices (pedicel 
length, joint position, color of flower petals, and 
flowering period), the life-form and branching charac-
ters, plant height, we found that none were suitable 
for taxonomic critaria. Furthermore, the plant height 
and fruit size of the offspring maintained in the 
germplasm resource planting site converged (Fig 3, 
Fig 5), which is consistent with the results of Shi et 
al. (2012). Thus, the variability among species is not 
related to genetic differentiation. Instead, it is related 
to differences promoted by their geographical distri-
bution and changes in the micro-edaphic conditions 
which further strengthen our argument for merging 
the related species within C. mongolicum.  
 Five species of Calligonum, i.e., C. mongol-
icum, C. pumilum, C. gobicum, C. chinense, and C. 
zaidamens, shared the same chromosome number and 
similar karyotypes which was consistent with previ-
ous research (Wang 1985, 1986). In particular, there 
were two karyotypes of C. mongolicum. This may be 
due to the fact that C. mongolicum easily undergoes 
natural reduplication of its chromosomes leading to 
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Fig 3. Variation of parents and offspring in the plant height of C. mongolicum, C. pumilum, C. gobicum, C. 
Chinense, and C. zaidamense 

nonessential variation which may be preserved be-
cause of the prevalence of vegetative propagation and 
perennial habit during long-term dispersal (Van et al. 
1977, Tremblay 1977). However, the complex had 
the same karyotype with the exception of C. 
alashanicum. We conclude that these four species are 
closely related. The L/S ratio of the related species 
was relatively higher than that of C. mongolicum, 
while the As.K (%) of these four species was higher 
than that of C. mongolicum which is in conformity 
with the evolutionary theory of karyotype asymmetry 
(Grant 1991, Hong 1990, Stebbins 1950, Stebbins 
1971). This suggests that C. pumilum, C. gobicum, C. 
chinense and C. alashanicum were probably derived 
from C. mongolicum. 
 Microsatellites markers have been widely used 
at different taxonomic levels (Sha et al. 2007). For 
the first time, we applied these markers to investigate 
the C. mongolicum complex (Ren 2002, 2003, Tao 
2004, Zhang 2009) which showed that the C. mongol-
icum complex cannot be separated on the basis of 14 

polymorphic microsatellite loci (Zhang and Zhu 
2009) and only four loci were successfully detected  
in C. mongolicum, C. pumilum, C. gobicum, C. 
chinense, and C. zaidamense (Table 5, Fig 7). This 
indicates that there are no obvious difference among 
the species according to the microsatellite markers 
developed for C. mongolicum.  
 Based on the phenotypic data, karyotype anal-
ysis and microsatellites markers, the Calligonum 
breeding system appears to be self-compatible with 
signs of out breeding but there were no indication of 
hybridization. They also had high seed germination 
rate (Kang et al. 2011). It can be concluded that all  
the related Calligonum species were conspecific with 
C. mongolicum and that they have been separated 
erroneously from C. mongolicum (Mao 1984, Bao 
and Alisa 2003). It is therefore suggested that C. pu-
milum, C. gobicum, C. chinense, and C. zaidamense 
should be assumed within C. mongolicum. However, 
we failed to raise the offspring of C. alashanicum on 
our test sites. Further investigations are required to 
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 Fig 4. Dendrogram based on the fruit characters of populations of C. mongolicum, C. pumilum, C. gobicum,  
C. chinense, C. zaidamense, and C. alashanicum 

Fig 5. Variation of parents and offspring in the fruit characters of C. mongolicum, C. pumilum, C. gobicum,  
C. chinense, and C. zaidamense 
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Fig 6. The karyotypes of C. mongolicum, C. pumilum, C. gobicum, C. chinense, and C. zaidamenseM1: the popu-
lation of C. mongolicum in Erlianhot, Inner Mongolia; M2: the population of C. mongolicum in Qingtongxia, 
Ninxia; M3: the population of C. mongolicum in Ejina, Inner Mongolia; M4: the population of C. mongolicum 
in Yumen, Gansu; P1: the population of C. pumilum in Hami, Xinjiang; C1: the population of C. chinense in 
Zhangye, Gansu; G1: the population of C. gobicum in Ejina, Inner Mongolia; Z1: the population of C. 
zaidamense in Zhangye, Gansu. 

Fig 7. The microsatellite marks illustrations of C. mongolicum, C. pumilum, C. gobicum, C. chinense, and C. 
zaidamense M1: the population of C. mongolicum in Erlianhot, Inner Mongolia; M2: the population of C. mon-
golicum in Qingtongxia, Ninxia; M3: the population of C. mongolicum in Ejina, Inner Mongolia; M4: the popu-
lation of C. mongolicum in Yumen, Gansu; P1: the population of C. pumilum in Hami, Xinjiang; C1: the popu-
lation of C. chinense in Zhangye, Gansu; G1: the population of C. gobicum in Ejina, Inner Mongolia; Z1: the 
population of C. zaidamense in Zhangye, Gansu. 
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clarify the taxonomic relationship of C. alashanicum 
with the complex. The ITS sequences and other DNA 
sequence analyses will provide new information about 
the migration system, phylogenetic and evolutionary 
trends in this complex and Calligonum L. 
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