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Abstract

This study represents phylogenetic analyses of two
woody polygonaceous genera Calligonum and
Pteropyrum using both chloroplast fragment (trnL-F)
and the nuclear ribosomal internal transcribed spacer
(nrDNA ITS) sequence data. All inferred phylogenies
using parsimony and Bayesian methods showed that
Calligonum and Pteropyrum are both monophyletic
and closely related taxa. They have no affinity with
Atraphaxis, instead allied with a clade in which the
genus is nested. Infrageneric relationships in
Calligonum, due to the paucity of informative
nucleotide sites in both DNA regions are not resolved.
Keywords: Calligonum; cpDNA trnL-F; Molecular phy-
logeny; nrDNA ITS; Pteropyrum; Polygonaceae

INTRODUCTION

Calligonum possesses 80 species with xeromorphic
shrubby characteristics distributed throughout
Southern Europe, North Africa and Western and
Central Asia as its main biodiversity center
(Brandbyge, 1993; Mabberely, 1990). This genus is
well distinguished from other genera of the family by
the higher number of stamens (12-15) and four
carpels/stigmas as well as C4 photosynthesis (Sage,
2004; Pyankov et al., 2000; Brandbyge, 1993).
Eighteen species including six endemic ones have
been identified among the flora of Iran (Mozaffarian,
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2004; Rechinger and Schiman-Czaika, 1968).
According to fruit morphology the genus has been
divided into three sections: Calligonum (with bristled
fruit), Pterococcus (with winged fruit) and Calliphysa
(with membranous saccate fruit) (Rechinger and
Schiman-Czaika, 1968). The genus Pteropyrum has 4
or 5 species in south west Asia and the Middle East, of
which 3 species are distributed in Iran. The members
of this genus like that of Calligonum are shrubs but
have achenes with only 3 membranous wings.
Pteropyrum in particular Calligonum are typical arid
and hot desert plants in active sand dunes and playing
the key role in the stability of desert natural vegetation
ecosystem (Ren and Tao, 2004; and personal observa-
tions).

The climatic distribution pattern of Calligonum is
similar to that of C4 large shrubby chenopod species
(Haloxylon persicum, H. ammodendron and Salsola
richteri) with NADP-ME metabolism and salsoloid
assimilation organ anatomy (Pyankov et al., 2000).

Tavakkoli et al. (2008) conducted a morphology
based-phylogenetic analysis of these taxa to test their
relationships and monophyly. Sanchez and Kron
(2008) using cpDNA sequences (rbcL and matK), and
then Sanchez et al. (2009) using those genes as well as
ndhF plus ntDNA ITS regions showed that monophy-
ly of Calligonum is controversial. Their analyses
revealed that Calligonum, Pteropyrum and
Pteroxygonum form a weakly to moderately supported
clade.

In this study, therefore, phylogenetic analyses were
performed using both ntDNA ITS (ITS1, 5.8S and
ITS2) and cpDNA #rnL-F sequence data to address the
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following questions:

1) Are Calligonum and Pteropyrum both monophylet-
ic? 2) Are Calligonum and Pteropyrum closely related
taxa? 3) Is the current sectional classification of
Calligonum supported? and 4) are these genera related
to Atraphaxis?

MATERIALS AND METHODS

Taxon sampling: A total of 27 accessions representing
26 species were included in phylogenetic analyses
using ntDNA ITS region and 28 accessions represent-
ing 27 species were analyzed for cpDNA #rnlL-F

regions. Eleven species including Calligonum (6
species), Pteropyrum (3 species) and Atraphaxis (2
species) were sequenced for both regions newly. The
remaining sequences were obtained from GenBank.
The leaf/branchlet material was taken mostly from
herbarium specimens deposited at the herbarium of the
Research Institute of Forests and Rangelands (TARI).
In some cases, the materials were collected from the
field. Information on the accessions used in this study
is presented in Table 1. According to Lamb Frye and
Kron. (2003), Triplaris americana was chosen as an
outgroup.

DNA extraction, amplification, and sequencing:

Table 1. Taxa included in nrDNA ITS and cpDNA trnL-F phylogenetic analyses.

Species Voucher GenBank Accession No.
nrDNA ITS trnL-F
Aconogonon molle (D. Don) H. Hara. EF653687* EF653790*
Atraphaxis spinosa Jaub & Spach. Iran: Tavakkoli et al. 2006-1 (TMUPC) AB542772 AB542783
A. suaedifolia L. Iran: Mozaffarian 87202 (TARI) AB542773 AB542784
Calligonum arborescens Litvinov. - EU109591*
C. bungei Boiss. Iran: Tavakkoli et al. 2006-2 (TMUPC) AB542775 AB542786
C. comosum L. Iran: Assadi & Sardabi 42047 (TARI) AB542778 AB542789
C. crinitum Boiss. Iran: Tavakkoli et al. 2006-3 (TMUPC) AB542776 AB542787
C. junceum (Fisch & Mey) Litw. Iran: Mozaffarian 83955 (TARI) AB542774 AB542785
C. junceum (Fisch & Mey) Litw. - EU109590*
C. persicum (Boiss & Buhse) Boiss. Iran: Tavakkoli et al. 2006-4 (TMUPC) AB542777 AB542788
C. pologonoides L. Iran: Tavakkoli et al. 2006-5 (TMUPC) AB542779 AB542790
C. pumilum L. - EU109592*
Fagopyrum esculentum Moench. F653685* EF653788*
F. callianthum Ohnishi. AB000322* -
Fallopia convolvulus (L.) A. Love. EU580715* EU586189*
F. dentatoalata (F. Schmidt) Holub. EU580726* EU586186*
F. multiflora var.ciliinervis (Nakai) EU580713* EU024783*
Yonekura & Ohashi.
Parapteropyrum tibeticum Li. EU718499* EU109589*
Persicaria posumbu (Buch.-Ham. ex D. EF653701* EF653804*
Don) H. Gross.
P. hydropyper (L.) Spach. EF653702* EF653805*
P. filiformis (Thunb.) Nakai ex W. T. Lee. EF653697* EF653800*
Polygonum aviculare L. EF653684* EF653787*
Pteropyrum aucheri Jaub & Spach. Iran: Tavakkoli et al. 2006-7 (TMUPC) AB542780 AB542791
Pt. naufelum Al-khayat. Iran: Assadi & Nikchehreh 76316 (TARI) AB542781 AB542792
Pt. olivierii Jaub & Spach. Iran: Dini & Bazargan 30675 (TARI) AB542782 AB542793
Pterozygonum giraldii Dammer & Diels. EU580725* EU402464*
Pt. giraldii Dammer & Diels. DQ406627* -
Rumex acetosella L. AJ580776*, AJ580792* AJ583842* AJ583855*
R . japonicus Houtt. AF338220* AJ810936*,AJ810946*
Triplaris americana L. FJ154486* AJ312251*

Abbreviations used in accession information: TARI, Herbarium of the Research Institute of Forests and Rangelands, Tehran; TMUPC, Tarbiat Modares University
Plant Collection, Tehran. *Sequences from GenBank. The two accession numbers for nrDNA ITS of Rumex acetosella represent ITS1 and ITS2, respectively.
The two accession numbers for trnL-F of Rumex acetosella and R. Japonicus represent trnL intron and trnL-trnF intergenic spacer, respectively.
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Total genomic DNA was isolated from dried leaf or
branchlet (only for Calligonum) of samples using the
modified cetyl trimethylammonium bromide (CTAB)
method of Doyle and Doyle (1987). The amplification
of ntDNA ITS and #7nL-F regions by polymerase chain
reaction (PCR) were performed in a 25 pl reaction
mixture, containing 16 pl of sterile water, 2 pl of 2.5
mM MgCl, , 2.5 pl of 10X Gene Taq universal buffer
(Cinnagen, Iran), 2.5 pl of 2.5 mM dNTPs mixture
(Wako Nippon Gene, Japan), 0.5 ul of each primer (5
pmol/ul), 0.2 pl (4 Units) of Taq DNA polymerase
(Cinnagen, Iran), and 1-1.3 pl of genomic DNA tem-
plate (approximately 20 ng) using primer pair “ITS1F”
(Navajas-Perez et al., 2005) and ITS4 (White et al.,
1990). The #trnL-F region was amplified using the uni-
versal “c” and “d” primers of Taberlet et al. (1991).
The PCR condition, performed in a DNA thermal
cycler (Primus 96, MWG, Germany), was 2.5 min at
95°C for initial denaturation followed by 38 cycles of
1 min at 95°C, 45 sec at 53°C for annealing, 2 min at
72°C for extension, followed by a final 7 min incuba-
tion at 72°C. The quality of PCR products were
checked by electrophoresis on an 0.8% (w/v) agarose
gel (using 1X TAE as the gel buffer) stained with
ethidium bromide and then visualized under UV light.
Each region was sequenced using the ‘Big dye termi-
nator cycle sequencing ready reaction kit” (Applied
Biosystems, USA). with the appropriate primers in an
ABI Prism 377 DNA sequencer (Applied Biosystems,
USA).

Sequence alignment: Sequences were edited using
BioEdit ver. 7.0.9.0 (Hall, 1999) and aligned using
ClustalX (Larkin et al., 2007) followed by manual
adjustment. Alignment of each dataset required the
introduction of numerous single and multiple-base
indels (insertions/deletions). Positions of indels were
treated as missing data for all datasets.

Phylogenetic analyses

Maximum parsimony method: Maximum Parsimony
(MP) analyses were conducted using the PAUP* pro-
gram version 4.0b10 (Swofford, 2002) for phylogenet-
ic analyses. The heuristic search option was employed
for each of the datasets, using tree bisection-reconnec-
tion (TBR) branch swapping, with 1000 replications of
random addition sequence and an automatic increase
in the maximum number of trees. Uninformative char-
acters were excluded from the analyses. Branch sup-
port values were calculated using a full heuristic
search with 1000 bootstrap replicates (Felsenstein,

1985) each with simple addition sequence.
Combinability of these two datasets was assessed
using the partition homogeneity test (the incongruence
length difference (ILDQ test of Farris et al.,1995) as
implemented in PAUP . The test was conducted with
exclusion of invariant characters (Cunningham, 1997)
using the heuristic search option involving simple
addition sequence and TBR branch swapping with
1000 homogeneity replicates.

Bayesian method: Models of sequence evolution were
selected using the program MrModeltest version 2.3
(Nylander, 2004) as implemented in MrMTgui (Nuin,
2005) based on the Akaike information criterion (AIC)
(Posada and Buckley, 2004). On the basis of this
analysis, datasets were analyzed using the GTR+I+G
and GTR+G models for ntDNA ITS and trnl-F
sequences, respectively. The combined sequences for
25 taxa were analyzed as a single partition with the
GTR+I+G model. The program MrBayes version 3.1.2
(Ronquist and Huelsenbeck, 2003) was used for the
Bayesian phylogenetic analyses. Posteriors on the
model parameters were estimated from the data, using
the default priors. The analysis was carried out with 2
million generations, using the Markov chain Monte
Carlo search. MrBayes performed two simultaneous
analyses starting from different random trees
(Nruns=2) each with four Markov chains and trees
sampled at every 100 generations. The first 25% of
trees were discarded as the burn-in. The remaining
trees were then used to build a 50% majority rule con-
sensus tree accompanied with posterior probability
(PP) values using. Tree visualization was carried out
using Tree View version1.6.6 (Page, 2001).

RESULTS

Individual sequence data: The nr|DNA ITS dataset is
749 nucleotide sites long, of which 305 sites are poten-
tially parsimony informative. The length of the nrDNA
ITS ranges from 507 bp in Atraphaxis spinosa to
607bp in 6 studied species of Calligonum. A 50%
majority-rule consensus tree obtained form Bayesian
analysis with posterior probabilities and bootstrap val-
ues is presented in Figure 1. This tree is, topologically,
almost the same as the single most parsimonious tree
resulting from the MP method (data not shown), except
that the Fagopyrum/Parapteropyrum clade is part of a
weakly  supported trichotomy comprising the
Calligonum/Pteropyrum and Persicaria clades (Fig. 1).
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Figure 1. Fifty percent majority rule consensus tree resulting from Bayesian analysis of the nrDNA ITS data set.
Numbers above branches are posterior probabilities and the numbers below them indicate MP bootstrap val-

ues. Values < 50% were not shown.

The trnL-F dataset consisted of 28 accessions with
1201 aligned nucleotide sites, of which 224 sites are
potentially parsimony-informative. The length of the
trnL intron rang from 513 bp in Pteropyrum aucheri to
644 bp in Atraphaxis spinosa and the the length of par-
tial trnL-trnF intergenic spacer ranges from 162 bp in
A. spinosa and A. suaedifolia to 288 bp in Pteropyrum
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aucheri. A 50% majority-rule consensus tree from
Bayesian analysis is presented in Figure 2. This tree is,
topologically, the same as the strict consensus of three
most parsimonious trees (data not shown). In this tree,
Calligonum and Pteropyrum are closely related sister
taxa and, in turn, are well allied with the
Rumex/Polygonum/Atraphaxis/ Fallopia clade.
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Figure 2. Fifty percent majority rule consensus tree resulting from Bayesian analysis of the cpDNA trnL-F data set.
Numbers above branches are posterior probabilities and the numbers below them indicate MP bootstrap values. Values

< 50% were not shown.

The combined sequence data: The partition homo-
geneity test suggested that the ntDNA ITS and #7nL-F
datasets were not congruent (P=0.012). The main topo-
logical differences between the two gene phylogenies
are the positions of the Calligonum/Pteropyrum clade
and Pteroxygonum. In spite of these conflicts and fol-
lowing the suggestions of several other researches
(Yoder et al., 2001; Reeves et al., 2001; Wiens, 1998;

Seelanan et al., 1997) that the ILD test may be unreli-
able, we combined these data sets directly. The com-
bined dataset was 1952 nucleotide sites long, of which
507 were parsimony informative. A 50% majority-rule
consensus tree from Bayesian analysis of the com-
bined dataset is presented in Figure 3. This tree is topo-
logically similar to the t7nL-F tree. This Bayesian tree
is, however, topologically and statistically well
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Values Values < 50% were not shown.

resolved and supported than the strict consensus tree of
three most parsimonious trees does (not shown). In
Bayesian tree, Pteroxygonum is weakly allied with a
clade of Fagopyrum and Parapteropyrum. Calligonum
and Pteropyrum are again sister taxa and formed a sis-
ter group relationship with a clade of
Rumex/Polygonum/Atraphaxis/ Fallopia.
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DISCUSSION

Monophyly and relationships of Calligonum and
Pteropyrum: Phylgenetic analyses of nrDNA ITS,
trnL-F and combined nrDNA ITS-#nL-F datasets
revealed that Calligonum and Pteropyrum are each
monophyletic and closely related taxa. In a recent
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cladistic analysis of morphological data, these closely
related taxa also appeared to be monophyletic
(Tavakkoli et al., 2008). The previous studies using
non-molecular evidence suggested their closest rela-
tionships. such evidences include vegetative morphol-
ogy: polyachanthic life-form; stem anatomy: lignified
secondary walls in the collenchyma, (Haraldson,
1978); floral characters: formation of commissural
veins, non-fused petaloid tepals, irregular tepal epider-
mal cells and presence of papillae at the base of the
stamen filament (Hong et al., 1998; Ronse-Decraene
and Akeroyd, 1988); fruit morphology: armed achenes
with wings/bristles (Brandbyge, 1993; Rechinger and
Schiman-Czeika, 1968); and pollen morphology:
microreticulate/perforate exine sculpturing (Hong,
1995; Nowicke and Skvarla, 1979).

Sanchez and Kron (2008) and Sanchez et al.
(2009), based on combined rbcL-matK-ndhF
sequences, have reported that Calligonum is not mono-
phyletic with both Pteropyrum (P. aucheri and P.
olivierii) and the monotypic Pteroxygonum (Pt.
giraldii) nested within it. But, on the ntDNA ITS and
the combined cpDNA-nrDNA ITS trees of Sanchez et
al. (2009), Calligonum formed a well supported clade
and weakly allied with Pteropyrum solely and
Pteropyrum-Pteroxygonum, respectively. On the
chloroplast tree resulting from their analysis Pr.
giraldii is of a long branch (due to ndhF sequences, see
below).

It is worthy to note that our alignment of both mafK
and rbcL sequences retrieved from GenBank (deter-
mined by Sanchez et al., 2009), shows that Pt. giraldii
has almost the same sequences as that of four out of
five Calligonum species examined, while Calligonum
microcarpum has the same ones as that of Petropyrum.
But, ndhF sequences of Pt. giraldii is completely dif-
ferent from that of Calligonum species. This indicates
that Sanchez et al. (2009) might, most probably, deter-
mine the sequences of these taxa mistakenly.
Meanwhile, the nrDNA ITS sequences of both
Calligonum and Pteropyrum determined by Sanchez et
al., are full of base-calling errors. All available evi-
dence including growth habit (climbing stem with
petiolate leaves), lower stamen number (usually 8),
achene morphology (with three sharp horns at the
base), chromosome base number (x=20), tepal vena-
tion (trifid) and perhaps the C3 photosynthetic path-
way indicate that Pteroxygonum has no affinity with
Calligonum (Sun et al., 2008; Li and Grabovskaya-
Borodina, 2003; Ronse-Decraene and Akeroyd, 1988;
Haraldson, 1978). This is consistent with our molecu-
lar analysis, and the ntDNA ITS tree of Sun et al.

(2008), Pteroxygonum is a distinct lineage, sister to
Polygonum (=Persicaria).

On the basis of growth anatomy (Haraldson, 1978)
and floral characters (Hong et al., 1998; Ronse-
Decraene and Akeroyd, 1988), it has been hypothe-
sized that Calligonum and in particular Pteropyrum is
related to Atraphaxis L. However, neither pollen mor-
phological data (Hong, 1995; Nowicke and Skvarla,
1979) nor our molecular phylogenetic analyses sup-
port these hypotheses. rbcL (Lamb Frye and Kron,
2003), matK (Kim and Park, 2005), the cpDNA (rbcL-
matK-ndhF) and ntDNA ITS (Sanchez et al., 2009)
and the present ntDNA ITS and #nL-F phylogenies
show that Atraphaxis related to Polygonum (and
Polygonella) as well as Fallopia. On the other hand,
Hong (1995) and Hong et al. (1998) based on pollen
morphology and tepal surface morphology suggested a
close relationship between Pteropyrum and the mono-
typic genus Parapteropyrum (P. tibeticum), endemic
to the Xizang Plateau (Southeast Tibet) of China.
Whereas, in our phylogenetic analyses and Sanchez et
al.’s (2009) nrDNA tree, such relationship was not
appeared. Parapteropyrum tibeticum is instead well
allied with Fagopyrum (PP=100, BS=100).

In short, Calligonum and Pteropyrum have no a sin-
gle relative genus, but as appeared in our #nL-F and
the combined phylogenies as well as in Sanchez et
al.’s (2009) ones, they are related with a clade of
Rumex/Polygonum/Atraphaxis/ Fallopia.

Infrageneric relationships in Calligonum and
Pteropyrum: As mentioned in the introduction, based
on fruit morphology, Calligonum has been divided into
three sections: Calligonum (with bristled fruit),
Pterococcus (with winged fruit) and Calliphysa (with
membranous saccate fruit) (Rechinger and Schiman-
Czaika, 1968). Our molecular analyses of both ntDNA
ITS and #nL-F did not resolve relationships among
proposed sections of Calligonum. This is almost con-
sistent with the combined rbcL. and matK phylogeny
of Sanchez and Kron (2008, and
http://users.wfu.edu/sanca5/Adriana_Sanchez/Adriana
_Sanchez/Calligonum.html; but see Sanchez et al.
2009). Lacking the resolution among Calligonum taxa
is due to very low nucleotide substitution in both
nrDNA ITS and #nlL-F sequences However, in the
Bayesian tree of combined nrDNA ITS-trnLl-F
sequences, Calligonum junceum (sect. Calliphysa) and
C. persicum (sect. Pterococcus) formed a weakly sup-
ported subclade (posterior probabilities (PP) = 0.55,
see Fig. 3). Ren and Tao (2004), using randomly
amplified polymorphic DNA (RAPD) analyses of 14
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Chinese Calligonum species, showed that C. junceum
is positioned far from the remaining species studied
and species having bristled fruit (sect. Calligonum)
were not grouped in a single cluster as were the
winged fruit species (sect. Pterococcus). In contrast to
Pteropyrum, Calligonum, as one of the big genera in
Polygonaceae with approximately 80 species
(Mabberely, 1990), represent a rapid diversification for
a short time in hot and arid deserts of Western Central
Asia. Its diversification may caused by several factors
including C4 photosynthetic pathway, bristled/winged
fruits a dispersal units and hybridization/introgression
followed by tetraploidy (Sage, 2004; Pyankov et al.,
2000; Aparicio, 1989; Mao et al., 1983; Pavlov 1970;
Rechinger and Schiman-Czaika, 1968).

Pteropyrum aucheri and P. olivierii are morpholog-
ically very similar to each other except that in the for-
mer, the shape of the leaf is linear and in the latter spat-
ulate (Rechinger and Schiman-Czeika, 1968). Both
species are distributed in arid regions, but P. aucheri
has penetrated more to desert areas (Mozaffarian,
2004, and personal observations). However, the pres-
ent molecular phylogenies and morphological cladistic
analyses (Tavakkoli et al., 2008) did not put them
close to each other. Instead, P. olivierii is allied with P.
naufelum, a newly described species distributed in Iraq
(Al-Khayat, 1990) and Southwest Iran (Akhani, 2004).

CONCLUSION

The present molecular data provide strong support for
the monophyly of Calligonum and Pteropyrum and
their closest relationship. They have no affinity with
Atraphaxis, instead allied with a clade in which, the
genus is nested. However, infrageneric relationships in
Calligonum, due to the paucity of informative
nucleotide sites in both nrDNA ITS and trnL-F
sequences and in other cpDNA genes such as rbcL and
matK (Sanchez and Kron, 2008), is not resolved. Fast
evolving genic regions including non-coding cpDNA
fragments and single copy nuclear DNAs are clearly
required to resolve phylogenetic relationship among
Calligonum species.

Acknowledgements

This work was supported by a research grant from the
Tarbiat Modares University.

References

Akhani H (2004). A new spiny, cushion-like Euphorbia

14

(Euphorbiaceae) from south-west Iran with special reference
to the phytogeographic importance of local endemic species.
Bot J Linn Soc. 146: 107-121.

Al-Khayat AH (1990). Pteropyrum naufelum (Polygonaceae), a
new species from Iraq. Nord J Bot. 13: 33-35.

Aparicio A (1989). Numeros cromosomaticos de plantas occiden-
tals. Anales del Jardin Botanico de Madrid. 45: 483-494.

Bao B, Grabovskaya AE (2003). Calligonum, In: Flora of China.
Vol. 5, ZY Wu, PH Raven and DY Hong, (eds). Science Press,
Beijing, and Missouri Botanical Garden Press, St. Louis. PP.
324-328.

Brandbyge J (1993). Polygonaceae. In: K. Kubitzki, J.C. Rohwer,
and V. Bittrich, eds The families and genera of vascular
plants, Springer-Verlag, Berlin. 2: 531-544.

Cunningham CW (1997). Can three incongruence tests predict
when data should be combined? Mol Biol Evol. 14: 733-740.

Doyle 1J, Doyle JL (1987). A rapid DNA isolation procedure for
small quantities of fresh leaf tissue Phytochem. Bull. 19: 11-
15.

Farri JS, Kallersjo M, Kluge AG, Bult C (1995). Testing signifi-
cance of incongruence. Cladistics 10: 315-319.

Felsenstein J (1985). Confidence limits on phylogenies: An
approach using the bottstrap. Evolution. 39: 783-791.

Hall TA (1999). BioEdit: a user-friendly biological sequence align-
ment editor and analysis program for Windows 95/98/NT.
Nucl Acids Symp Ser. 41: 95-98.

Haraldson K (1978). Anatomy and taxonomy in Polygonaceae sub-
fam. Polygonoideae Meisn. emend. Jaretzky. Symb Bot
Upsal. 22: 1-95.

Hong SP (1995). Pollen morphology of Parapteropyrum and some
putatively related genera (Polygonaceae-Atraphaxideae).
Grana. 34: 153-159.

Hong SP (1998). Systematic significance of tepal surfac morphol-
ogy in tribes Persicarieac and Polygoneae (Polygonaceae).
Bot J Linn Soc. 127: 91-116.

Kim MH, Won H, Park C (2005). Molecular phylogeny of
Polygonaceae based on chloroplast matK sequences.XVII
international Botanical Congress, Vienna, Austria. Abstract
1487.

Larkin MA, Blackshields G, Brown NP, Chenna R, McGettigan
PA, McWilliam H, Valentin F, Wallace IM, Wilm A, Lopez R,
Thompson JD, Gibson TJ, Higgins DG (2007). Clustal W and
Clustal X version 2.0. Bioinformatics 23: 2947-2948.

Lamb Frye AS, Kron KA (2003). rbcL Phylogeny and character
evolution in Polygonaceae. Syst Bot. 28: 326-332.

Li A, Grabovskaya-Borodina AE (2003). Pteroxygonum
(Polygonaceae). In: Flora of China. Vol. 5, ZY Wu, PH Raven
and DY Hong, (eds). Science Press, Beijing, and Missouri
Botanical Garden Press, St. Louis. PP. 323.

Mabberely DJ (1990). The Plant Book, Cambridge University
Press.

Mao Z, Yang G, Wang C (1983). Studies on chromosome numbers
and anatomy of young branches of Calligonum of Xingang in
relation to the evolution of some species. Acta Phytotax
Sinica. 21: 44-49.

Mozaffarian V (2005). Trees and Shrubs of Iran, Farhang Moaser
Press (in persian).

Navajes-P’eres R, Herran Rdl, Gonalez GL, Jamilerna M, Lozano



IRANIAN JOURNAL of BIOTECHNOLOGY, Vol. 8, No. 1, January 2010

R, Rejon CR, Rejon MR (2005). The evolution of reproduc-
tive systems and sex-determination mechanisms within
Rumex (Polygovaeae) inferred from nuclear and chloroplas-
tidial sequences data. Mol Biol Evol. 22: 1929-1939.

Nowicke JW, Skvarla JJ (1979). Pollen morphology: The potential
influence in higher order systematics. Ann Missouri Bot Gard.
66: 633-700.

Nuin P (2005). MrMTgui 1.0 (version 1.6). Program distributed by
the author at http://www.genedrift.org/mtgui.php.

Nylander JAA (2004). MrModeltest v2. Program distributed by the
author. Evolutionary Biology Centre, Uppsala University.
Page DM (2001). TreeView (Win32) Version 1.6.6. Available from:

<http://taxonomy.zoology.gla.ac.uk/rod/rod.html/>.

Posada D, Buckley T (2004). Model selection and model averag-
ing in phylognetics: Advantages of Akaike information crite-
rion and Bayesian approaches over likelihood ratio tests. Syst
Biol. 53: 793-808.

Pyankov VI, Gunin PD, Tsoog S, Black CC (2000).C4 plants in the
vegetation of Mongolia: their natural occurrence and geo-
graphical distribution in relation to climate. Oecologia 123:
15-31.

Rechinger KH, Schiman-Czeika H (1968). Pteropyrum and
Calligonum (Polygonaceae). In: Flora Iranica No. 56,
Rechinger KH (ed), Graz, Austria, PP. 36-46.

Reeves G, Chase MW, Goldblatt P, Rudall P, Fay MF, Cox AV,
Lejeune B, Souza-Chies T (2001). Molecular systematics of
Iridaceae: evidence from four plastid DNA regions. Amer J
Bot. 88: 2074-2087.

Ren J, Tao L (2004). Study on Calligonum plant in China. Forestry
Publishing House Press, China.

Ronquist F, Huelsenbeck JP (2003). MrBayes 3: Bayesian phylo-
genetic inference under mixed models. Bioinformatics 19:
1572-1574.

Ronse Decraene LP, Akeroyd JR (1988). Generic limits in
Polygonum and related genera (Polygonaceae) on the basis of
floaral character. Bot J Linn Soc. 98: 321-371.

Sage RF (2004). The evolution of C4 Photosynthesis. New Phytol.
161: 341-370.

Sanchez A, Kron KA (2008). Preliminary phylogenetic relation-
ships of Calligonum L. (Polygonaceae) using two chloroplast
genes. Botany conference, Abstract ID:98. Web site:
http://www.2008.botanyconference.org/engine/search/index.
php?func=detail&aid=98.

Sanchez A, Schuster TM, Kron KA (2009). A large-scale phyloge-
ny of polygonaceae based on molecular data. /nt/ J Plant Sci.
1708: 1044-1055.

Seelanan T, Schnabel A, Wendel JF (1997). Congruence and con-
sensus in the cotton tribe (Malvaceae). Syst Bot. 22: 259-290.

Sun W, Zhou Z, Liu MZ, Wan HW, Donge X (2008). Reappraisal
of the generic status of Pteroxygonum (Polygonaceae) on the
basis of morphology, anatomy and nrDNA ITS sequence
analysis. Syst Evol. 46: 73-79.

Swofford DL (2002). Phylogenetic analysis using parsimony (*and
other methods). Version. 4. Sinauer Associates, Sunderland,
Massachusetts, USA.

Taberlet P, Gielly L, Pautou G, Bouvet J (1991). Universal primer
for amplification of three non-coding regions of chloroplast
DNA. Plant Mol Biol. 17: 1105-1109.

Tavakkoli S, Kazempour Osaloo S, Maassoumi AA (2008).
Morphological cladistic analysis of Calligonum and
Pteropyrum (Polygonaceae) in Iran. fran J Bot. 14: 117-125.

Wiens JJ (1998). Combining data sets with different phylogenetic
histories. Syst Biol. 47: 568-581.

White TJ, Bruns T, Lee S, Taylor J (1990). Amplificatinand direct
sequencing of fungal ribosomal RNA genes for phylogenet-
ics, In: PCR protocols: a guide to methods and applications,
Innis M, Gelfand D, Sninsky J, White T (eds.) Academic
Press, San Diego. PP. 315-322.

Yoder AD, Irwin JA, Payseur BA (2001). Failure of the ILD to
determine data combinability for slow loris phylogeny. Syst
Biol. 50: 408-424.

15




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


