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Abstract
A molecular cytogenetic study has been performed in three species of the genus Artemisia, complementing previous works on two
subgenera that had been scarcely studied from this standpoint, Artemisia (A. chamaemelifolia, A. vulgaris) and Absinthium (A.
absinthium). Chromomycin A3 and 4',6-diamidino-2-phenylindole (DAPI) banding have been carried out, as well as fluorescent in
situ hybridization (FISH) of 5S and 18S-5.8S-26S ribosomal DNA. Morphometrical data of karyotype characters were calculated
and idiograms with the position of the AT- and GC-rich regions as well as rDNA loci were constructed. Colocalization of most of
these regions has been observed, confirming previous findings in this genus. Both ribosomal DNA appear always colocalized,
which is a distinct feature with respect to most angiosperms surveyed. Regarding the differential characteristics of each species,
a symmetrical karyotype has been found in the species studied. Artemisia absinthium shows long chromosomes and absence of
centromeric banding signals that, conversely, are absent in A. vulgaris and A. chamaemelifolia. The last species also presents B-
chromosomes in which ribosomal DNA and heterochromatin have been detected. Despite these differences, karyotype morphology
and signal pattern of the three species are quite coincidental. This might reflect a close phylogenetic relationship between both
subgenera, which is consistent with the available molecular phylogenies presenting species of the subgenera Artemisia and
Absinthium intermixed.
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INTRODUCTION

The genus Artemisia L. (Asteraceae, Anthemideae)
comprises more than 500 species, basically peren-
nial and worldwide distributed (a variable number
depending on the authors consulted: MCARTHUR,
1979; MABBERLEY, 1990; LING, 1991a, b, 1995a,
b; BREMER & HUMPHRIES, 1993; KUBITZKI, 2007).
Many species of this genus are useful in different
fields: food (A. absinthium L., A. dracunculus L.,
A. genipi G. Weber in Stechm.), medicine (A.
annua L., A. santonica L.), forage (A. herba-alba

Asso, A. tridentata Nutt.), ornamentals (A.
arborescens L., A. vulgaris L.). After different
rearrangements and systematic treatments, Artemi-
sia has been divided into five large groups treated
at sectional or subgeneric levels: Absinthium, Ar-
temisia (= Abrotanum), Dracunculus, Seriphidium
and Tridentatae (TORRELL et al., 1999 and refer-
ences therein). Nevertheless, this classification does
not accurately represent natural groups. Molecu-
lar phylogenetic studies, based on the analysis of
chloroplast (cpDNA) and nuclear ribosomal
(nrDNA) sequences, have helped elucidating the
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systematic relationships within Artemisia
(KORNKVEN et al., 1998; TORRELL et al., 1999;
WATSON et al., 2002; VALLÈS et al., 2003; SANZ
et al., 2008), although important questions still
remain unresolved.

 The study of chromosomes has provided essen-
tial information for the systematics and the evolu-
tion of the genus, since the first studies (WEINEDEL-
LIEBAU, 1928; EHRENDORFER, 1964; KOROBKOV,
1972) until present (VALLÈS & SILJAK-YAKOVLEV,
1997; TORRELL et al., 2003; VALLÈS & GARNATJE,
2005; GARCIA et al., 2007). Two different basic
chromosome numbers have been described for the
genus: x = 9, which is detected in all the subgenera,
and the less frequent x = 8, only reported in the
subgenera Absinthium, Artemisia and Dracunculus
(SOLBRIG, 1977; OLIVA & VALLÈS, 1994; MCARTHUR
& SANDERSON, 1999). Both basic chromosome num-
bers show polyploid series with known levels up to
hexadecaploid for x = 9-based species and hexa-
ploid for x = 8 (EHRENDORFER, 1964; PERSSON,
1974; VALLÈS et al., 2001; GARCIA et al., 2006;
PELLICER et al., 2007).

Fluorochrome banding and fluorescent in situ
hybridization (FISH) with rDNA are useful markers
for chromosome identification (LEITCH & HESLOP-
HARRISON, 1993) and have provided a valuable tool
in order to determine genome organization in plants
(RAINA et al., 2001; SINGH et al., 2001) and the
phylogenetic relationships between close taxa (ANSARI
et al., 1999). The detection of 18S-5.8S-26S and 5S
ribosomal DNA by fluorescent in situ hybridization
and fluorochrome banding have become frequently
used techniques for establishing the physical map-
ping of a certain type of repeated DNA, and in
Artemisia previous researches have been carried out
in this sense (TORRELL et al., 2001, 2003; HOSHI et
al., 2006; GARCIA et al., 2007).

Within the framework of systematic and evolu-
tionary studies in Artemisia, in particular those
providing molecular cytogenetic data (TORRELL et
al., 2007; GARCIA et al., 2007), the present work
uses fluorochrome banding to characterize AT- and
GC-rich chromosome regions, and fluorescent in
situ hybridization (FISH) to obtain the distribution
patterns of 18S-5.8S-26S and 5S rDNA loci in two
subgenera scarcely studied from this point of view:
two species from subgenus Artemisia (A.
chamaemelifolia Vill., A. vulgaris) and one from
subgenus Absinthium (A. absinthium). In previous

works (TORRELL et al., 2001, 2003; GARCIA et al.,
2007) we have studied from molecular cytogenetic
viewpoint some representatives of subgenera
Seriphidium and Tridentatae (plus one annual mem-
ber of the subgenus Artemisia, related to
Seriphidium in the molecular phylogeny (TORRELL
et al., 1999; VALLÈS et al., 2001). Now we are
presenting the results of the first investigation of
two more subgenera, Artemisia and Absinthium.

MATERIALS AND METHODS

Plant material

Table 1 shows the species studied, grouped by
subgenera, with their origins and vouchers, depos-
ited at the herbarium of the Centre de Documentació
de Biodiversitat Vegetal, Universitat de Barcelona
(BCN).

Root-tip meristems were obtained from wild-
collected achenes germinated on wet filter paper in
Petri dishes at room temperature in the dark.

Chromosome preparations

For all the techniques used, root tips were pretreated
with 0.05% aqueous colchicine at room tempera-
ture for 2 hours 30 minutes to 3 hours. The mate-
rial was fixed in absolute ethanol and glacial acetic
acid (3:1) and then stored at 4ºC for 48 hours.
Subsequently, the materials were transferred to 70%
ethanol and stored at 4ºC.

Chromosome preparation and staining for counts
and karyotype elaboration
Root tips were hydrolysed in 1N HCl at 60ºC
during 2 minutes. Subsequently they were washed
in distilled water, stained in 2% aceto-orcein during
2-8 hours at room temperature, and squashed in a
drop of 45% acetic acid and glycerol (9:1).

Fluorochrome banding
Chromosome preparations for fluorochrome band-
ing and fluorescent in situ hybridization (FISH)
were done using the air-drying technique of GEBER
& SCHWEIZER (1987), with some modifications: root
tips were washed with agitation in citrate buffer
(0.01 M citric acid – sodium citrate, pH = 4.6) for
15 minutes, excised, and incubated in an enzyme
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solution [4% cellulase Onozuka R10 (Yakult Honsha),
1% pectolyase Y23 (Sigma) and 4% hemicellulase
(Sigma)] at 37ºC for 20 to 25 minutes, depending on
the species and meristematic thickness. The lysate of
8-10 root-tips was centrifuged twice in 100 µl buffer
and once in 100 µl fixative, at 4,000 rpm for 5
minutes for each centrifugation, and removing the
supernatant each time. The final pellet was
resuspended in 50 µl of fixative, about 10 µl were
dropped onto a clean slide, and air-dried. In order to
reveal GC-rich bands, chromomycin A3 was used,
following the protocols of SCHWEIZER (1976) and
CERBAH et al. (1995).

Fluorescent in situ hybridization (FISH)
DNA hybridization was carried out according to
TORRELL et al. (2003), with minor changes: the
18S-5.8S-26S rDNA probe was labelled with di-
rect Cy3 -red- (Amersham) and the 5S rDNA probe
with digoxigenin-11-dUTP -green- (Boehringer
Mannheim). Preparations were mounted in a me-
dium containing DAPI, which revealed AT-rich
DNA bands.

FISH preparations were observed with an
epifluorescent Zeiss Axiophot microscope with dif-
ferent combinations of Zeiss excitation and emission
filter sets (01, 07 and 15). The best metaphase plates
were photographed with a digital camera (AxioCam
MRc5 Zeiss) mounted on a Zeiss Axioplan micro-
scope, and images were analysed with Axio Vision
Ac software version 4.2. Hybridization signals were

analysed and photographed using the highly sensi-
tive CCD camera (Princeton Instruments), and an
image analyser software (Metavue, version 4.6,
Molecular Devices Corporation).

Karyological analyses

Chromosome counts and measurements were done
and subsequent analyses were performed (see
Table 2 for details). The total karyotype length
was also calculated, and compared with nuclear
DNA content provided in previous works
(TORRELL et al., 2001; GARCIA et al., 2004) is
included for comparative purposes. These data
were used to construct idiograms. Mean values
were obtained from at least five metaphase plates
corresponding to five different individuals for
each taxon (Fig. 1).

RESULTS

Results of the karyological and molecular cytoge-
netic assays are presented in Fig. 1 and Table 2.
The chromosome counts carried out in the species
studied revealed the presence of both basic chromo-
some numbers commonly reported in the genus,
x = 9 (A. absinthium, Fig. 1A; A. chamaemelifolia,
Fig. 1E) and x = 8 (A. vulgaris, Fig. 1I). All the
species studied are diploid, A. absinthium and A.
chamaemelifolia having 2n = 18 chromosomes

Table 1. Origin and herbarium vouchers of the populations studied.

Taxon Location and herbarium voucher

Subgenus Absinthium

Artemisia absinthium L. Armenia, Ekhegnadzor, Vernashen: between the village of Vernashen
and the church of Gladzor, 1,300 m, G. Faivush, E. Gabrielian, N.
Garcia-Jacas, M. Guara, M. Oganesian, A. Susanna S-1507, K.
Tamanian, J. Vallès, 20.viii.1995 (BCN 11601)

Subgenus Artemisia

Artemisia chamaemelifolia Vill. Andorra, Canillo: margins of the path from the church of Sant Joan
de Caselles towards Vall de Riu, 1,600 m, M. Torrell, J. Vallès,
17.xi.1996 (BCN 13222)

Artemisia vulgaris L. France, Paris: Bois de Boulogne, margins of a forest, 100 m, M.
Torrell, J. Vallès, 8.ii.1997 (BCN 15297)
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(with the presence of one to three B-chromosomes
in the case of A. chamaemelifolia) and A. vulgaris
2n = 16.

Artemisia absinthium presents long chromosomes
(MCL: 4.27 ± 0.23 µm) and the values of the
asymmetry indexes (STEBBINS, 1971) reveal a very
symmetric karyotype (Table 2). We have detected a
secondary constriction in pair VII, constituting a
satellite in its short arm, which is positively stained
both with chromomycin and the two FISH probes
(Fig. 1A-D). The same pattern is found in the short
arm of pair III, although no satellite is visible in
this chromosome. Two loci with both rDNA (18S-
5.8S-26S and 5S) colocalized were detected for
this specimen. Several AT-rich bands, stained with
DAPI, have also been detected at chromosome
ends, as shown in Fig. 1D.

Artemisia chamaemelifolia displays again a very
symmetric karyotype. The presence of CMA+ and
DAPI+ heterochromatin signals has been detected
at centromeric and telomeric position (Figs. 1F; 1G).
As found in A. absinthium, four GC-rich DNA
bands located at satellites coincide with the two
rDNA loci, with both 5S and 18S-5.8S-26S rDNA
colocalized. The presence of up to three B-chromo-
somes has been also observed in the studied popu-
lation but these kind of chromosomes are normally

variable in number depending on the specimen
studied. Some of these B’s show heterochromatic
bands and, occasionally, ribosomal DNA loci have
been detected in some of these supernumerary chro-
mosomes (data not shown).

Artemisia vulgaris also presents a symmetrical
karyotype, with abundant GC-rich bands, mainly at
telomeric position, but also near the centromeres
(Figs. 1J; 1K). As observed in the other taxa con-
sidered, both kinds of rDNA are colocalized (also
in this case, two rDNA loci are found), and coinci-
dental with some CMA-rich regions. Additionally,
as in the other species studied, some AT-rich bands
are detected.

DISCUSSION

Chromosome number

For both A. absinthium and A. chamaemelifolia
previous studies have detected diploid and tetra-
ploid populations respectively. For A. vulgaris,
either x = 8- or x = 9-based cytotypes have
previously been reported, with 2n = 16 as a
predominating chromosome number and, in addi-
tion, 2n = 18 and several unusual chromosome

Table 2. Karyological data. The superscripts indicate: 1Nuclear DNA content (from TORRELL et al., 2001; GARCIA
et al., 2004); 2chromosomal formula according to LEVAN et al. (1964); 3mean chromosome length; 4chromosome
length range; 5symmetry class according to STEBBINS (1971); 5ROMERO (1986) indexes; A1: intrachromosomal
asymmetry index, A2: interchromosomal asymmetry index.

Taxon         2n       Ploidy level   Mean 2C (pg)1   Chromosomal formula2

A. absinthium 18 2x 8.75 12m + 2msat + 4sm

A. chamaemelifolia 18 + (1-5)B 2x 6.04 10m + 2msat + 4sm + 2smsat

A. vulgaris 16 2x 6.26 14m + 2smsat

            Romero indexes6

Taxon                        MCL3±(SD) (µm)       CLR4 (µm)   Stebbins class5         A1            A2

A. absinthium 4.27 ± 0.23 38.46 2A 0.30 0.15

A. chamaemelifolia 3.08 ± 0.10 27.76 2A 0.09 0.09

A. vulgaris 3.69 ± 0.25 29.51 2A 0.24 0.18
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Figure 1. Metaphase plates stained with aceto-orcein (A, E, I), fluorochrome banding with chromomycin (B, F,
J), fluorescent in situ hybridization (C, G, K) and haploid idiograms of the species studied (D, H, L). Artemisia
absinthium (A, B, C, D), A. chamaemelifolia (E, F, G, H), A. vulgaris (I, J, K, L). Scale bars = 5 µm.

numbers (2n = 24, 34, 40, 45), including the oc-
casional presence of B-chromosomes (http://www-
asteraceae.cla.kobe-u.ac.jp/search.html; 14/07/
2007). In the latter species, VALLÈS & SILJAK-
YAKOVLEV (1997) reported the evidence of a chro-
mosomal fusion and a certain centromeric fragil-
ity of the longest chromosome pair, which could
explain the supposed 2n = 18 counts. The other
numbers may belong to other species of the A.
vulgaris complex (such as A. princeps Pamp. or
A. x wurzellii C.M. James & Stace in C.M.
James, Wurzell & Stace, JAMES et al., 2000,
VALLÈS et al., 2005), since many counts performed
in genuine A. vulgaris populations have consistenly
yielded 2n = 16 (VALLÈS et al., unpubl. data).

Kayotype features

Indexes of asymmetry
All three studied species present a very symmetrical
karyotype, which is a common trait in the genus

(VALLÈS & GARNATJE, 2005, and references therein),
and is consistent with the assumption of a symmetri-
cal karyotype characterizing the species included in
tribe Anthemideae (SCHWEIZER & EHRENDORFER,
1983). Furthermore, A. chamaemelifolia shows a
particulary low index of interchromosomal asymme-
try, which is smaller than the average for the genus
(VALLÈS & GARNATJE, 2005, and references therein).

Karyotype morphology
Among the taxa studied, karyotype morphology is
rather homogeneous. As a general pattern in these
diploid species, we have detected the presence of
six to eight metacentric (m) and one to three
submetacentric (sm) chromosome pairs. Further-
more, the presence of secondary constrictions (SC)
and satellites (SAT) has been observed. It is possi-
ble that more SC and SAT exist but they are not
always detectable, depending on the degree of chro-
matin condensation, so they have not been used for
chromosome identification (VISCHI et al., 2003).

    A   B  C    D

    E   F  G    H

    I   J  K    L

  Chromomycin       DAPI       18S-5.8S-26S rDNA loci        5S rDNA loci
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These results are rather similar to those recorded in
Artemisia in previous works (MCARTHUR & SAND-
ERSON, 1999; TORRELL et al., 2003; GARCIA et al.,
2007). Karyotype homogeneity is another feature
of the species included in the present study, as
PERSSON (1974) stated for the whole genus. Only
slight differences in size between chromosomes
have been detected.

Karyotype size
Although MCL of the species studied are quite simi-
lar, some differences between each other are detected,
which are mirrored in genome size differences. This
illustrates once more the remarkable correlation be-
tween genome size and karyological data (BENNETT &
LEITCH, 2005, and references therein). Artemisia ab-
sinthium is the species with the largest MCL (4.27 ±
0.23 µm) of the three, and also presents a higher
nuclear DNA content (2C = 8.75 pg, Table 2). Con-
trarily, A. chamaemelifolia accounts for the smallest
MCL (3.08 ± 0.10 µm), and its genome size (2C =
6.04 pg, Table 2) correlates negatively with the karyo-
type size. Artemisia vulgaris, with an intermediate
karyotype length (3.69 ± 0.25 µm), presents a nuclear
DNA amount (2C = 6.26 pg, Table 2) which ranges
between those of the two other species.

Presence of B-chromosomes
B- or supernumerary chromosomes have been de-
tected in one of the species studied, A. chamaemelifolia
(Figs. 1E-H), as already pointed in TORRELL et al.
(1999). The presence of B-chromosomes has been
frequently observed in other subgenera of Artemisia,
e. g. Absinthium (PELLICER et al., 2007) or Tridentatae
(GARCIA et al., 2007). B’s are extra chromosomes
found in some, but no all individuals within a species,
and have been described in many plants and animals
(JONES & REES, 1982). Their function, composition
and origins are not still well understood (TRIVERS et
al., 2004). The number of B-chromosomes found is
also variable, from 1 to 3, when present. The fre-
quency of occurrence of this kind of chromosomes in
Artemisia is also a subject of discussion (MCARTHUR
& SANDERSON, 1999; GARCIA et al., 2007). Although
different kind of B’s might be found in plants  linked
to their origin (VALLÈS & SILJAK-YAKOVLEV, 1997),
in A. chamaemelifolia we have only detected some
compact, small chromatin bodies, in which the centro-
mere is hardly seen. Most B-chromosomes are hetero-
chromatic, composed of repetitive DNA sequences

(CUADRADO & JOUVE, 1994), suggesting the idea that
they are genetically inert. Nonetheless, some of them
show the presence of ribosomal genes, as in A.
chamaemelifolia, which might imply transcriptional
activity (GREEN, 1998), although this point is still to
be confirmed in this genus.

The three studied species present strongly ho-
mogenous karyotype traits. Although rather con-
sistent at the genus level, karyotype resemblance
generally does not allow identification and dis-
crimination of Artemisia species (HOSHI et al.,
2003). In this sense, fluorochrome banding and
FISH of rDNA can provide useful data for karyo-
type characterization and distinction in closely re-
lated species.

Fluorochrome banding and fluorescent in situ
hybridization (FISH)

Banding pattern
The banding and FISH patterns here shown are coin-
cidental to a high degree with those established hith-
erto in different molecular cytogenetic researches cen-
tred in Artemisia (TORRELL et al., 2001, 2003; GARCIA
et al., 2007). Fluorochrome banding with chromomycin
revealed heterochromatin regions composed of GC-
rich DNA (Figs. 1B; 1F; 1J), and in all cases these
regions were located at distal ends, in some cases in
satellites. Only in the species belonging to subgenus
Artemisia (A. chamaemelifolia, A. vulgaris), centro-
meric GC-regions were detected, and sometimes the
B-chromosomes of A. chamaemelifolia also revealed
positive regions when treated with chromomycin. In a
previous work (TORRELL et al., 2003), only four
positive chromomycin bands were detected in diploid
individuals of a species belonging to subgenus Ar-
temisia, A. annua. In the present study we detected six
or seven CMA+ signals. Artemisia annua being an-
nual, the divergence observed with regard to CMA+
signal number of this taxa with respect to its perennial
relative could be related to their difference in life
cycle. Such a difference has been also found in other
Asteraceae (e. g. HIDALGO et al., submitted).
Artemisia chamaemelifolia and A. vulgaris belong
to the same subgenus, Artemisia, and both present
positive CMA signals at centromeric position, which
might reflect a closer phylogenetic relationship be-
tween these two taxa than with A. absinthium, as
indicated by molecular phylogenetic studies (VALLÈS
et al., 2003; SANZ et al., 2008). However,
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phylogenetic inferences from cytogenetical data
should be cautiously done because subgenus Ar-
temisia may not to have a unique CMA signal
pattern, and AT-rich (DAPI-positive) bands are
presented much more variable among these three
taxa. DAPI-positive signals are always telomeric
except in the case of A. chamaemelifolia, in which
a centromeric band has been detected in a single
chromosome pair. In most cases, this kind of band-
ing coincides or is located very close to GC-rich
signals.

FISH pattern: colocalization of the 18S and 5S
rDNA
Our FISH results show that all three Artemisia
species present four signals (two loci) for 18S-
5.8S-26S and 5S regions (Figs. 1C; 1G; 1K). In all
cases these signals are colocalized, so 18S-5.8S-
26S and 5S rDNA signals are always in the same
number and in the same position. This peculiar
distribution of the 45S (18S, 5.8S and 26S rRNA
genes) and 5S rDNA, which in animals and plants
are usually placed separately and transcribed by
different RNA polymerases (SRIVASTAVA &
SCHLESSINGER, 1991), has been previously reported
in former investigations in Artemisia (TORRELL et
al., 2003; HOSHI et al., 2006; GARCIA et al., 2007)
and in other Anthemideae genera, e. g. Chrysanthe-
mum L. (ABD EL-TWAB & KONDO, 2006), which is
quite close to Artemisia. The overlapped position
of these rDNA sites might be a frequent feature of
chromosome evolution in Artemisia, and probably
in some other Anthemideae (GARCIA et al., unpubl.
res.). Hence, the results obtained in former studies
and in the present one suggest that the existence of
18S-5.8S-26S rDNA linked to 5S rDNA is not an
experimental artifact; previous works hypothesize
a casual insertion of the 5S rDNA into the 45S
repeat unit, (DROUIN & MONIZ DE SA, 1995), al-
though a clear interpretation of this phenomenon is
not still achieved.

CONCLUDING REMARKS

The present study reports a typical Artemisia and
Absinthium signal pattern at the diploid level,
with four rDNA loci located at telomeric posi-
tions, and sometimes in satellites of metacentric
and submetacentric chromosomes. The different

pattern of the distribution of GC-rich regions at
telomeric and centromeric position between these
two subgenera may reflect the different evolution-
ary histories of these species. All these results
contribute to the cytogenetical knowledge of Ar-
temisia, and, according to former investigations,
we demonstrate that the patterns of distribution of
the rDNA loci might be subject to the different
evolutionary episodes that have taken place in the
genus. The extensive colocalization of the 18S-
5.8S-5S rDNA and 5S rDNA found in Artemisia
should be considered as a particular trait of the
evolution of ribosomal DNA in the genus, as well
as in other Anthemideae genera. Further investiga-
tions would be needed to elucidate when and how
these changes at genome level took place and what
information they convey on the relationships at
the species level within the Artemisia as well as at
the tribal level.

ACKNOWLEDGEMENTS

The authors gratefully thank M. Cerbah, O. Robin and
M. Torrell for their technical support, and people cited
in Table 1 for their help in plant collection. This work
was supported by project CGL 2004-04563-C02-02/BOS
of the Spanish government, and three of the authors
(S.G., O.H. and J.P.) received predoctoral grants (Progra-
ma de Formación de Profesorado Universitario and Pro-
grama de Formación de Personal Investigador) from the
Spanish government.

REFERENCES

ABD EL-TWAB, M. H. & K. KONDO (2006). FISH
physical mapping of 5S, 45S and Arabidopsis type
telomere sequence repeats in Chrysanthemum
zawadskii showing intra-chromosomal variation and
complexity in nature. Chrom. Bot. 1: 1-5.

ANSARI, H. A., N. W. ELLISON, M. S. READER, E. D.
BADAEVA, B. FRIEBE, T. E. MILLER & W. M. WILLIAMS
(1999). Molecular cytogenetic organization of 5S
and 18S-26S rDNA loci in the white clover (Trifo-
lium repens L.). Am. J. Bot. 83: 199-206.

BENNETT, M. D. & I. J. LEITCH (2005). Nuclear DNA
Amounts in Angiosperms: Progress, Problems and
Prospects. Ann. Bot. (London) 95: 45-90.

BREMER, K & C. J. HUMPHRIES (1993). Generic mono-
graph of the Asteraceae-Anthemideae. Bull. Nat.



26 COLLECTANEA BOTANICA (BARCELONA) 27, 2008

Hist. Mus. Lon. (Bot.) 23: 71-177.
CERBAH, M., J. COULAUD, B. GODELLE & S. SILJAK-

YAKOVLEV (1995). Genome size, fluorochrome band-
ing and karyotype evolution in some Hypochaeris
species. Genome 38: 689-695.

CUADRADO, A. & N. JOUVE (1994). Highly repetitive
sequences in B chromosomes of Secale cereale re-
vealed by fluorescent in situ hybridization. Genome
37: 709-712.

DROUIN, G. & M. MONIZ DE SA (1995). The concerted
evolution of 5S ribosmal genes linked to the repeat
units of other multigene families. Molec. Biol. Evol.
12: 481-493.

EHRENDORFER, F. (1964). Notizen zur Cytotaxonomie
und Evolution der Gattung Artemisia. Oesterr. Bot.
Zeitschr. 111: 84-142.

GARCIA, S., M. SANZ, T. GARNATJE, A. KREITSCHITZ, D.
E. MCARTHUR & J. VALLÈS (2004). Variation of
DNA amount in 47 populations of the subtribe
Artemisiinae and related taxa (Asteraceae,
Anthemideae): karyological, ecological, and sys-
tematic implications. Genome 47: 1004-1014.

GARCIA, S., T. GARNATJE, SH. DARIIMAA, SH. TSOOJ & J.
VALLÈS (2006). New or rarely reported chromosome
counts (Anthemideae, Asteraceae) from Mongolia.
Bot. J. Linn. Soc. 150: 203-210.

GARCIA, S., T. GARNATJE, O. HIDALGO, E. D. MCARTHUR,
S. SILJAK-YAKOVLEV & J. VALLÈS (2007). Extensive
ribosomal DNA (18S-5.8S-26S and 5S) colocalization
in the North American endemic sagebrushes (subgenus
Tridentatae, Artemisia, Asteraceae) revealed by FISH.
Pl. Syst. Evol. 267: 79-92.

GEBER, G. & D. SCHWEIZER (1987). Cytochemical
heterochromatin differentiation in Sinapis alba
(Cruciferae) using a simple air drying technique
for producing chromosome spreads. Pl. Syst. Evol.
158: 98-106.

GREEN, D. M (1988). Cytogenetics of the endemic New
Zealand frog, Leiopelma hochstteri: extraordinary
supernumerary chromosome variation and unique
sex-chromosome system. Chromosoma 97: 55-70.

HOSHI, Y., K. KONDO, A. A. KOROBKOV, I. V. TATARENKO,
P. V. KULIKOV, V. P. VERKHOLAT, A. GONTCHAROV, H.
OGURA, T. FUNAMOTO, G. KOKUBUGATA, R.  SUZUKI
& H. MATOBA (2003). Cytological study in the ge-
nus Artemisia L. from Russia. Chrom. Sci. 7: 83-89.

HOSHI, Y., H. MATOBA & K. KONDO (2006). Physical
mapping of ribosomal RNA genes in the genus Ar-
temisia L. (Asteraceae). Caryologia 59 (4): 312-318.

JAMES, C. M., B. S. WURZELL & C. A. STACE (2000).
A new hybrid between a European and a Chinese
species of Artemisia (Asteraceae). Watsonia 23:
139-147.

JONES, R. N. & H. REES (1982). B Chromosomes.
Academic Press, London. 266 pp.

KORNKVEN, A. B, L. WATSON & J. ESTES (1998).
Phylogenetic analysis of Artemisia section
Tridentatae (Asteraceae) based on sequences from
the internal transcribed spacers (ITS) of nuclear
ribosomal DNA. Am. J. Bot. 85: 1787-1795.

KOROBKOV, A. A. (1972). K tsitotaksonomicheskoi
kharakteristike nekotorikh vidov roda Artemisia L.
severo-vostoka SSSR. Bot. Zh. 57: 1316-1327.

KUBITZKI. K. (2007). Eudicots. Asterales. In: KADEREIT,
J. W. & C. JEFFREY (Eds.), The families and genera
of vascular plants. Vol. VIII Flowering plants.
Springer-Verlag Berlin Heidelberg. 635 pp.

LEITCH, I. J. & J. S. HESLOP-HARRISON (1993). Physical
mapping of the 18S-5.8S-26S rRNA genes in barley
by in situ hybridization. Genome 35: 1013-1018.

LEVAN, A., K. FREDGA & A. A. SANDBERG (1964).
Nomenclature for centromeric position on chromo-
somes. Hereditas 52: 201-220.

LING, Y. R. (1991a). The Old World Seriphidium
(Compositae). Bull. Bot. Res. 11: 1-40.

LING, Y. R (1991b). The Old World Artemisia
(Compositae) . Bull. Bot. Res. 12: 1-108.

LING, Y. R. (1995a). The New World Artemisia L. In:
HIND D. J. N., C. JEFFREY, G. V. POPE (Eds.), Ad-
vances in Compositae Systematics. Kew, Royal Bo-
tanic Gardens: 255-281.

LING, Y. R. (1995b). The Old World Seriphidium
(Besser) Fourr. In: Advances in Compositae System-
atics. In: HIND D. J. N., C. JEFFREY, G. V. POPE
(Eds.), Advances in Compositae Systematics. Kew,
Royal Botanic Gardens: 283-291.

MABBERLEY, D. J. (1990). The plant book. Cambridge
University Press, Cambridge, U. K. 707 pp.

MCARTHUR, E. D. (1979). Sagebrush systematics and
evolution. In Sagebrush Ecosystem Symposium, April
1978, Utah State University, Logan, Utah: 14-22.

MCARTHUR, E. D. & C. S. SANDERSON (1999).
Cytogeography and chromosome evolution of
subgenus Tridentatae of  Artemisia (Asteraceae).
Am. J. Bot. 86: 1754-1775.

OLIVA, M. & J. VALLÈS (1994). Karyological studies in
some taxa of the genus Artemisia (Asteraceae). Can.
J. Bot. 72: 1126-1135.

PELLICER J., S. GARCIA, T. GARNATJE, O. HIDALGO, A.
A. KOROBKOV, SH. DARIIMAA & J. VALLÈS (2007).
Chromosome counts in Asian Artemisia L.
(Asteraceae) species: from diploids to the first re-
port of the highest polyploid in the genus. Bot. J.
Linn. Soc. 153: 301-310.

PERSSON, K. (1974). Biosystematic studies in the Artemisia
maritima complex in Europe. Opera  Bot. 35: 1-188.

RAINA, S. N., Y. MUKAI, K. KAWAGUCHI, S. GOEL & A.
JAIN (2001). Physical mapping of 18S-5.8S-26S and
5S ribosomal RNA gene families in three important
vetches (Vicia species) and their allied taxa consti-



27J. PELLICER, S. GARCIA, T. GARNATJE, O. HIDALGO, S. SILJAK-YAKOVLEV & J. VALLÈS

tuting  three species complexes. Theor. Appl. Genet.
103: 839-845.

ROMERO, C. (1986). A new method for estimating
karyotype asymmetry. Taxon 35: 526-530.

SANZ, M., R. VILATERSANA, O. HIDALGO, N. GARCIA-
JACAS, A. SUSANNA, G. M. SCHNEEWEISS & J. VALLÈS
(2008). Molecular Phylogeny and evolution of floral
characters of Artemisia and allies (Anhtemideae,
Asteraceae): evidence from nrDNA ETS and ITS
sequences. Taxon 57 (1): 1-13.

SCHWEIZER, D. (1976). Reverse fluorescent chromo-
some banding with chromomycin and DAPI.
Chromosoma 58: 307-324.

SCHWEIZER D & F. EHRENDORFER (1983). Evolution of
C-band patterns in Asteraceae-Anthemideae. Biol.
Zentralbl. 102: 637-655.

SINGH, R. J., H. H. KIM & T. HYMOWITZ (2001). Distri-
bution of rDNA loci in the genus Glycine Willd.
Theor. Appl. Genet. 103: 212-218.

SOLBRIG, O. T. (1977). Chromosomal cytology and
evolution in the family Compositae. In: HEYWOOD,
V. H., J. B. HARBORNE & B. L. TURNER (Eds.), The
biology and chemistry of the Compositae, Vol. I.
Academic Press, London, New York, San Francisco:
269-281.

SRIVASTAVA, A. K. & D. SCHLESSINGER (1991). Struc-
ture and organization of ribosomal DNA. Biochimie
73: 679-685.

STEBBINS, G. L. (1971). Chromosomal evolution in
higher plants. E. Arnold Publ., London. 216 pp.

TORRELL, M., N. GARCIA-JACAS, A. SUSANNA & J.
VALLÈS (1999). Phylogeny in Artemisia (Asteraceae,
Anthemideae) inferred from nuclear ribosomal DNA
(ITS) sequences. Taxon 48: 721-736.

TORRELL, M., M. CERBAH, S. SILJAK-YAKOVLEV & J.
VALLÈS (2001). Etude cytogénétique de trois taxons
du complexe Artemisia campestris L. (Asteraceae,
Anthemideae) : localisation de l’hétérochromatine
et de l’ADN ribosomique. Bocconea 13: 623-628.

TORRELL, M., M. CERBAH, S. SILJAK-YAKOVLEV & J.
VALLÈS (2003). Molecular cytogenetics of the genus
Artemisia (Asteraceae, Anthemideae): fluorochrome
banding and fluorescent in situ hybridization. I.

Subgenus Seriphidium and related taxa. Plant Syst.
Evol. 239: 141-153.

TRIVERS, R., A. BURT & B. G. PALESTIS (2004). B-
chromosomes and genome size in flowering plants.
Genome 47: 1-8.

VALLÈS, J. & T. GARNATJE (2005). Artemisia and its
allies: genome organization and evolution and their
biosystematic, taxonomic and phylogenetic implica-
tions in the Artemisiinae and related subtribes
(Asteraceae, Anthemideae). In: SHARMA, A. K & A.
SHARMA (Eds.), Plant genome: biodiversity and evo-
lution 1(B). Science Publishers Inc., Enfield, U.S.A.
pp 255-285.

VALLÈS, J., T. GARNATJE, S. GARCIA, M. SANZ & A. A.
KOROBKOV (2005). Chromosome numbers in several
taxa of the tribes Anthemideae and Inuleae
(Asteraceae). Bot. J. Linn. Soc. 148: 77-85.

VALLÈS, J. & S. SILJAK-YAKOVLEV (1997). Cytogenetic
studies in the genus Artemisia L.: fluorochrome
banded karyotypes of five taxa, including the Ibe-
rian endemic species A. barrelieri Besser. Can. J.
Bot. 75: 595-606.

VALLÈS, J., M. TORRELL & N. GARCIA-JACAS (2001).
New or rare chromosome counts in Artemisia L.
(Asteraceae, Anthemideae) and related genera from
Kazakhstan. Bot. J. Linn. Soc. 137: 399-407.

VALLÈS, J., M. TORRELL, T. GARNATJE, N. GARCIA-JACAS,
R. VILATERSANA & A. SUSANNA (2003). The genus
Artemisia and its allies: phylogeny of the subtribe
Artemisiinae (Asteraceae, Anthemideae) based on
nucleotide sequences of nuclear ribosomal DNA in-
ternal transcribed spacers (ITS). Pl. Biol. 5: 274-284.

VISCHI, M., I. JURMAN, G. BIANCHI & M. MORGANTE
(2003). Karyotype of Norway spruce by multicolour
FISH. Theor. Appl. Genet. 107 : 591-597.

WATSON, L. E., P. L. BATES, T. M. EVANS, M. M. UNWIN
& J. R. ESTES (2002). Molecular phylogeny of
subtribe Artemisiinae (Asteraceae), including Ar-
temisia and its allied and segregate genera. BMC
Evol. Biol. 2: 17.

WEINEDEL-LIEBAU, F. (1928). Zytologische Untersu-
chungen an Artemisia-Arten. Jahrb. Wiss. Bot. 69:
636-686.




