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Abstract Nuclear DNA content (2C) of 12 spe-
cies, covering four sections of Calligonum ge-
nus in Xinjiang of China was estimated using 
flow cytometry. It was found that 2C nuclear 
DNA amounts of the species investigated 
range from 0.85 pg (C. cancellatum) to 3.02 pg 
(C. junceum), a 3.55-fold difference. This im-
plies that the largest genome contains roughly 
2.09×109 more base pairs than the smallest 
genome. There was no correlation between 
genome size (Nuclear DNA content (2C)) and 
the ploidy level of this genus but genome size 
per basic chromosome set decreases with pol-
yploidy level. Genome size together with pre-
vious data using morphological traits will pro-
vide additional information useful for taxo-
nomic decision-making of this genus.  
Keywords: Calligonum L., DNA content, Flow 
cytometry, Genome size, Taxonomy 

 
Introduction 
 T h e  g e n u s  C a l l i g o n u m  L . 
(Polygonaceae) comprises 35-80species, main-
ly distributed in the arid desert areas of North 
Africa, southern Europe and Asia (Mabberley 
1990, Brandbyge 1993). In China, there are 23 
species of Calligonum mainly in Nei Mongol, 
Gansu, Qinghai and Xinjiang Provinces (Bao 
and Grabovskaya-Borodina 2003), of which 22 
occur in Xinjiang (Mao 1992). In these areas, 
Calligonum species play an important role in 
the stability of natural and artificial desert 
vegetation (Mao and Pan 1986, Ren and Tao 
2004). The species of Calligonum L. are mainly 
shrubs or sub- shrubs, much branched with 
woody branches without spines and herba-
ceous branchlets of the current year with 
leaves and flowers. The leaves are simple, op-
posite, nearly sessile, linear or scale-like, unit-

ed with ocrea at base or free (Bao and 
Grabovskaya-Borodina 2003).  

 The currently accepted taxonomy of 
Calligonum divides the genus into four sec-
tions according to the morphology of fruits: 
(Musaev and Soskov 1977, Bao and 
Grabovskaya-Borodina 2003 ). Callphysa (Fruit 
with wings or bristles membranous-saccate ), 
Pterococcus (Fruit with wings along ribs; not 
with bristles; wings entire), Calligonum (Fruit 
narrowly winged with bristles; bristles flat at 
base.) and Medusa (Fruit not winged, with 
bristles on ribs, often not flat at base). Until 
recently, the taxonomy studies of genus Calli-
gonum were mainly based on the morpholog-
ical and anatomical characters of fruit. Howev-
er, these characters have large variation in 
each species, and the interspecies variation of 
some characters always appeared in parallel, 
leading to the difficulty of taxonomy of spe-
cies. Especially taxonomy of Medusa group is 
not fully clarified because of high intra-and 
inter-populations variation leading to debate 
concerning species concepts and boundaries. 

 Chromosome counts have been con-
ducted for 19 species of Calligonum in Xin-
jiang (Mao et al. 1983, Wang and Yang 1985, 
Wang and Guan 1986, Gulnur Sabirhazi and 
Pan 2009). However, the basic number x=9. 
Most are diploid (2n=2x=18) while a few spe-
cies, such as C.roborovskii A. Los., C.aphyllum 
(Pall) Gurke, C. caput-medusae Schrenk, 
C.rubicundum Bge., C.squarrosum .N. Pavl., are 
reported to be tetraploids.(2n=4x=36). 

 In addition to chromosome numbers 
and ploidy levels, genome size (nuclear DNA 
content) data provide information useful in 
various fields of plant biology, including sys-
tematics, avulation and conservation (Bennett 
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and Leitch 2005). Since the 1950s, DNA C val-
ues have been estimated for ca. 3000 species, 
or approximately 1% of the angiosperms, but 
data on DNA content are still scarce for many 
taxonomic groups, as well as for many useful 
or noxious plants (Bennett 1998). Owing to its 
relevance in systematics, ecology, cell and 
molecular biology, and plant breeding, there 
is a need for new DNA value assessments in 
vascular plants (Bennett 1998, Bennett and 
Leitch 1995). Data on nuclear genome size are 
used in diverse scientific disciplines, including 
systematics, ecology, conservation, cell and 
molecular biology, and physiology (Bennett et 
al. 2000). The choice of species for future ge-
nome sequencing projects will depend on 
knowledge of their genome sizes (Hardie et al. 
2002). At present, flow cytometry is the meth-
od most frequently used for determination of 
nuclear DNA content in plants. The data are 
summarized on the C-value database 
(www.rbgkew.org.uk/cval/homepage.html, 
Bennett and Leitch 2003). Despite its useful-
ness in understanding plant evolution and di-
versification, at present no information is 
available on the DNA content in the genus 
Calligonum. The objectives of the present 
study were to estimate the nuclear DNA range 
of 12 species, covering four sections of Calli-
gonum genus (occurring in the Xinjiang) by 
flow cytometry and compare our result with 
previous morphological studies with thoughts 
on taxonomical revision. 

 
Materials and Methods 
Plant materials:  
 Seeds of 12 species in the genus Calli-
gonum were collected from different geo-
graphical regions of Xinjiang or the Turpan 
Eremophytes Botanic Garden of Chinese Acad-
emy of Sciences. Their collections cite are 
summarized in Table 1. About 20 seeds of 
each species were germinated in pots contain-
ing sand. Root tip meristems were obtained 
from seeds germination at room temperature 
for sample preparation. Vouchers for most 
herbarium materials are deposited in XJBI. 
Flow cytometric analysis:  
 Sample preparation generally followed 
the simplified two-step procedure using Ot-
to’sbuffers (Doležel et al. 2007). Briefly, 50mg 
of sample leaf tissue and the same amount of 
the fresh internal reference standard were 
chopped with a sharp razor blade in a Petri 
dish containing1mL of ice-cold Otto I buffer 

(0.1M citric acid, 0.5% Tween-20；Otto 1990). 
The suspension was filtered through a 42 μm 
nylon mesh and incubated for approximately 
15 min at room temperature. Samples were 
then stained for 30 min at room temperature. 
The staining solution consisted of 1mL of Otto 
II buffer (0.4M Na2HPO4·12 H2O), and 50 mg/
mL of propidium iodide (PI, Sigma, USA) for 
DNA staining. RNAse (Sangon, China) at 
50mg/mL was added to prevent staining of 
double stranded RNA. Nuclei isolation from 
the leaves of Zea mays ˊ CE-777 ˋ (2C 
DNA=5.43 pg) 
(Doležel  and Greilhuber 2010 ) were used as 
internal standard. 5 replicates were performed 
for per samples, and for each samples at least 
5000-15000 nuclei were detected. 

 All samples were measured using 
Coulter EPICS XL (Beckman Coulter, Hialeah, 
FL, USA) flow cytometer equipped with an air-
cooled argon-ion laser (JDS Uniphase, San Jo-
se´, CA, USA). For each sample the percentage 
of nuclei present in each peak was calculated 
using the SYSTEM II v.3.0 software (Beckman 
Coulter, Hialeah, FL, USA). Only histograms 
with symmetrical peaks and with a coefficient 
of variation (CV) of sample G1 peak below 8% 
were considered. The genome size of Calli-
gonum species was estimated according to 
the following formula ( Doležel and Bartoš 
2005): Calligonum  2C nuclear DNA content 
(pg) = Calligonum G1 paek mean／Standard 
G1 peak mean × 5.43 pg. The mean 2C value 
in pg was converted to base pairs (Mbp) by 
considering that 1 pg of DNA corresponding 
to 978Mbp (Doležel et al. 2003).  
Statistical analysis.  
 Date on interspecies variation of ge-
nome size (2C DNA content) were analysed by 
ANOVA: single factor test. Pearson correlation 
coefficient was used to test whether mean ge-
nome size of the taxa was related to the 
ploidy level. These statistical analyses were 
performed in the SPSS 19.0. 
 
Results and Discussion 
DNA content:  
 Genome size was calculated for 12 Cal-
ligonum species wich reprensented species 
from all four sections decribed by Musaev and 
Soskov (1977). (Table 1).The presented data 
are the first report on nuclear DNA content 
(2C) in 12 species studied of the genus Calli-
gonum. Genome size range from 2C=0.85 pg 
(1Cx=205.38 Mbp) for C. cancellatum to 2C= 
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3.02 pg (1Cx=1479.78 Mbp) for C.  junceum, a 
3.55-fold range of variation, with a mean 
2C=2.43±0.846 pg. This range is slightly above 
the mean for other plant genera 3.28-fold 
based on data from the Plant DNA C-values 
database (Bennett ＆ Leitch, 2003) ; Com-
pared to a known range of genome size in 
plants (Bennett et al. 2000), the Calligonum 
species should be considered taxa with a me-
dium size genome. Section Calliphysa includ-
ing only one specie: C. junceum, its genome 
size for 2C=3.02 pg (1Cx=1479.78 Mbp), the 
largest genome size of this genus. Section 
Pterococcus, genome size range from 2C=2.81 
pg (1Cx=684.60 Mbp) for C. rubicundum to 
2C=3.00 pg (1Cx=1467.00 Mbp) for C. leuco-
cladum, a 1.06 fold range of variation ,with a 
mean 2.91±0.14 pg; Section Calligonum, ge-
nome size range from 2C=1.40 pg 
(1Cx=684.60 Mbp) for C. densum to 2C=2.87 
pg (1Cx=704.16 Mbp) for C. squarrosum, a 
2.05 fold range of variation , with a mean 
2.14±1.04 pg; Section Medusa, genome size 
range from 2C=0.85 pg (1Cx=205.38 Mbp)  for 
C. cancellatum to 2C=2.99 pg (1Cx=1467.00 
Mbp) for C. gobicum and 2C=2.99 pg 
(1Cx=733.50 Mbp) for C. caput-medusae, a 
3.52 fold range of variation, with a mean 
2.3±0.97 pg. Mean comparison analysis be-
tween single species relative genome size (2C) 
revealed that only C. densum significantly (P< 
0.05) different from other 11 species, and two 
species with smallest genomes (C. arborescens 
and C. cancellatum ) significantly (P< 0.05) dif-
ferent from other ten species in relative nucle-
ar DNA content (2C) (Tab. 1).  
Relationship with karyological characters: 
 Some authors report genome size vari-
ations is highly correlated with ploidy level of 
species (Fridlender et al. 2002). To investigate 
whether there is a correlation between ge-

nome size variations and the karyological 
characters in Calligonum, we compare ge-
nome size estimates with ploidy level of spe-
cies. Flow cytometric results in the present 
study, revealed that genome size (2C) of 6 
species with diploid range from 2C=1.40 pg 
(1C x =684.60 Mbp) to 2C=3.02 pg 
(1Cx=1479.78 Mbp). Genome size of another 6 
species with tripoled range from 0.85 pg 
(1Cx=205.38 Mbp) to 2.99 pg (1Cx=733.50 
Mbp). Interestingly the largest genome size 
was identified in C. junceum with diploids and 
relatively smaller genome size were character-
ized in C. cancellatum with tetraploids . We 
performed linear regression analysis, However, 
genome size variation was not correlated with 
ploidy level (not shown). This result in contract 
to the finding of a statistically significant dif-
ference between genome size and ploidy level 
in species from Colchicum ( Fridlender et al. 
2002), Achillea (Dąbrowska 1992) , Artemisia 
( Torrell and Vallès 2001, Garcia et al. 2004). 

 The authors have also found that ge-
nome size per basic chromosome set decreas-
es with polyploidy. For these two ploidy levels, 
diploids always have a higher nuclear DNA 
amount per basic chromosome set (1Cx). 
Mean 1Cx=1.36 pg in diploids and 1Cx=0.55 
pg in tetraploids. Nuclear DNA loss per basic 
chromosome set in polyploids has been fre-
quently reported, so genome downsizing fol-
lowing polyploid formation has been consid-
ered a widespread biological phenomenon 
and a loss of nuclear DNA amount in the pro-
cess of polyploidization is suggested to ex-
plain this observation (Leitch and Bennett 
2004 ). Sharma and Sen (2002) considered 
that with polyploidization, chromosomes tend 
to diminish their size slightly, each one equal-
ly, and hypothesized that this ‘strengthening’ 
mechanism was a ‘defence strategy’ against 
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Table 1.  Nuclear DNA content in 12 species of genus Calligonum L. 

Section Species Collection cite CN(2n) Nuclear 
DNA SD Significance* 

Calliphysa C. junceum TFM 18 3.02 0.13 a 

Pterococcus 
C. leucocladum TEBG 18 3.00 0.08 a 
C. rubicundum TEBG 36 2.81 0.10 a 

Calligonum 
C. densum TEBG 18 1.40 0.11 abc 
C. squarrosum Karamay 36 2.87 0.09 a 

Medusa 

C. mongolicum Yamansu town 18 2.90 0.04 a 
C. gobicum Tashidian 18 2.99 0.12 a 
C. ebi-nuricum Jinhe county 18 2.71 0.07 a 
C. arborescens TEBG 36 0.92 0.06 ab 
C. caput-medusae Jinhe county 36 2.99 0.17 a 
C. roborovskii Luntai county 36 2.75 0.43 a 
C. cancellatum TEBG 36 0.85 0.08 ab 
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the increased possibility of mutations with 
polyploidy (an increase in nuclear DNA 
amount increases the probability of muta-
tions). 
Taxonomic implications 
 Genome size has also attracted an ever 
increasing level of attention from plant taxon-
omist, In this field, nuclear DNA content may 
often facilitate the delimination of taxa in vari-
ous taxonomic ranks, and may therefore influ-
ence taxonomic decisions (Kron et al. 2007). 
As Medusa is a taxonomically challenging 
group of Calligonum, within this section many 
species share morphological similarities and 
these similarities make it difficult to determine 
accurate taxonomic identification from species 
in the section. One aim of the present study 
was to assess whether ploidy level and ge-
nome size data provide additional information 
useful for taxonomic decision-making of this 
genus. In our research the usefulness of ge-
nome size as supportive markers for taxon 
determination was assessed. We found, alt-
hough the low C-value variation (3.55-fold) 
reduce their utility, some alliances with mor-
phological similarities have been identified in 
which data on nuclear genome size may 
nonetheless support taxonomic decisions. For 
example, C. mongolicum (2C=2.90 pg) sharing 
similar 2C value with the species C. gobicum 
(2C=2.99 pg) and C. roborovskii (2C=2.75 pg). 
This species also shares morphological simi-
larities with C. gobicum and C. roborovskii and 
have more or less overlapping distribution in 
Tarim basin of Xinjiang. Soskov (1975), Shi et 
al. (2011) depend on the fruit morphology, 
consider C. roborovskii and C. gobicum should 
be merged with C. mongolicum. Our date do 
not contradict their conclusion.  

 Conversely, an absence of genome size 
differences did not imply that taxa could be 
considered as belonging to only one species. 
For example, the genome size did not differ 
between C. gobicum  (2C=2.99 pg) and C. ca-
put-medusae (2C=2.99 pg), but they different-
ly markedly with respect to their morphologi-
cal traits and distribution ranges. 
Conclusion 
 This study represents the first relatively 
extensive survey of nuclear DNA amount in 
the genus Calligonum. Although not all spe-
cies were tested, approximately 50% of this 
genus in Xinjiang of China was analysed. This 
study of genome size provides an overview of 
the taxonomic treatment of some species of 

Calligonum. Flow cytometry provides a valua-
ble extra set of data. It is shown, combined 
with morphological and geographical charac-
ters, to be able to provide new insights in the 
species relationship between members of the 
genus Calligonum. 

 A good phylogenetic context within 
which to analyses these data would be useful 
in order to study the systematics of the genus, 
and would help in achieving a better under-
standing of the result. Thus, a multimethod 
approach, with an emphasis on molecular 
analyses, will be necessary to gain futher in-
sight in to the evolutionary history of Calli-
gonum and to clear up its taxonomy. 
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