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Abstract—The genus Artemisia (Asteraceae, Anthemideae, Arte-
misiinae) is a large genus, one of the largest genera in its family. It
is comprised of about 500 taxa at the specific or subspecific level,
distributed in 5 sections or subgenera. Most species are perennial
and many are landscape dominants of arid or semiarid regions.
Artemisia is widely distributed in the Northern Hemisphere but
poorly represented in the Southern Hemisphere. It is more richly
represented in Eurasia than it is in North America. A number of
Artemisia species have a high economic value for food, medicine,
forage, ornamentals, and other uses. Some taxa are invasive weeds,
which can adversely affect harvests. Even though some features
(carpological and palynological ones) are quite constant and charac-
teristic of the genus, a high degree of morphological variation exists.
Artemisia has two basic chromosome numbers, with ploidy levels
ranging from diploid to dodecaploid for x = 9 and from diploid to
hexaploid for x = 8. Polyploidy and dysploidy are two very relevant
evolutionary mechanisms in the genus, particularly the first one,
which is present in all its major groups. The classical systematics of
Artemisia have been refined by molecular methods, for example,
internal transcribed spacer (ITS) sequences of nuclear ribosomal
DNA, chloroplast DNA restriction site (cpDNA) data, and randomly
amplified polymorphic DNA (RAPD) analysis but in the main hold
well. This presentation provides a general introduction and charac-
terization of Artemisia with particular emphasis on its systematics
and evolution as illuminated by cytogenetic and molecular data.

Introduction

Artemisia,oneofthe larger generain the family Asteraceae
and the largest genus in the tribe Anthemideae, comprises
from 200 to more than 500 taxa at the specific or subspecific
level (depending on the authors, for example, Bremer and
Humphries 1993; Ling 1991a,b, 1995a,b; Mabberley 1990,
McArthur 1979), which are distributed in 5 sections or
subgenera (Torrell and others 1999b). Many Artemisia spe-
cies have a high economic value in several fields. Some
examples are as food plants (absinth-A. absinthium-and
other taxa, such as A. genipi, used in preparation of liquors);
as spices (tarragon or estragon—A. dracunculus); in medi-
cine, as an antihelminthic (A. santonicum and related taxa)
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and a new promising source of anti-malaria biochemicals
(A. annua); as forage (A. herba-alba and related species in
African and Asian steppes and semideserts and A. tridentata
and its allies in North American shrublands); as ornamen-
tals (A. absinthium, A. caucasica, and A. stelleriana among
many others); and as soil stabilizing agents in badly dis-
turbed habitats, for example, highways, railroads, and mines
(A. ludoviciana and A. vulgaris)—see Bailey Hortorium
Staff (1976) and Turner and Wassen (1999) for general
reference. On the other hand, some taxa, such as A. ver-
lotiorum, are invasive weeds, which can adversely affect
harvests. Some others may be toxic (A. absinthium, for
instance) or causative of pollen-induced allergies (the Ibe-
rian endemic A. barrelieri among others; Giner and others
1999). Marco and Barbera (1990) give a conspectus of the
chemical composition of Artemisia, and revisions of applied
aspects of the genus can be found in Pareto (1985) and Tan
and others (1998). The high number of taxa, the dominance
of some of them in landscapes, and the usefulness of many of
them have attracted the interest of the researchers, who
have produced a considerable amount of literature concern-
ing Artemisia in many disparate fields of study (systematics
in all its approaches, ecology, chemistry, pharmacology, and
so forth). This paper provides a general review of different
systematic and evolutionary aspects of the genus, with
special emphasis on cytogenetic and molecular data.

Life Form and Morphology

Artemisia species are most commonly shrubs, rarely pe-
rennial herbs and more rarely annual or biennial herbs.
Thus, perennial plants largely dominate the genus; only 5
percent of the taxa (approximately 10 species) are annual or
biennial species. Leaves are alternate or sparse, usually
more or less divided (exceptionally entire, such as in A.
dracunculus and A. cana), with extremely variable shapes
and dimensions. Flower heads are small, basically ovoid,
cylindrical or hemispheric in shape, constituted by a rather
small number (4-40) of flosculose florets (lacking ligulate
ones), and grouped in racemose or paniculate synflorescences.
Fruits are pappus-lacking achenes or cypselas, characteris-
tic of the genus (Korobkov 1981; Ouyahya and Viano 1985,
1990; Persson 1974; Valles and Seoane 1992). Palynological
characters are useful markers for the genus Artemisia. The
weak (verrucose) exine ornamentation contrasts with the
higher (spinulose) one of the other members of the tribe
Anthemideae, as already pointed out by Wodehouse (1926)
and confirmed by later authors (Dimon 1971; Valles and
others 1987). Some of the morphological traits of Artemisia
(non-opposite leaves, absence of radial florets, non-paleate
head receptacle, many capitula with few florets in each
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synflorescence, achenes without pappus) are considered
phylogenetically derived characters, within the phyloge-
netically advanced family Asteraceae (Cronquist 1977).

Phenology and Reproductive
Biology

Phenology is a good distinctive trait for Artemisia in
respect to the remaining Anthemideae or Asteraceae gen-
era. Most Artemisia species flower in autumn; however, a
few taxa start flowering in summer and others flower in the
winter. In the Northern Hemisphere, the flowering period
ranges from June to January and fruiting period from
August to March. Pollination is basically anemogamous;
Artemisia and closely related genera are the only tribe
Anthemideae genera that have this kind of pollination
(Heywood and Humphries 1977; Leppick 1970), evidently
related to the pollen ornamentation; nevertheless, frequent
insect visits have been reported in different species of the
genus, which makes it reasonable to think that a certain
percentage of entomogamous pollination occurs (Garnock-
Jones 1986; Valles 1989). Even though they lack the pappus
(except for the distinctive A. papposa), the achenes of Arte-
misia are at least partly anemochorous due to their very
small dimensions and low weight. Zoochory and hydrochory
also have significance in the genus. Artemisia shows a
relatively low capability of fruit dispersion far from mother
plants and a relatively high seedling mortality index. These
dispersal disadvantages are compensated for and plants are
efficiently propagated due to high fruit productivity, germi-
nation rates, and general plant vigor (Bostock and Benton
1979; Oliva and others 1997; Valles 1989; Walton and others
1986).

Ecology and Geographical
Distribution

Artemisia species are found in many ecosystems: from
desert communities (A. santolina in Uzbekistanian and
Iranian deserts, for instance) to humid environments
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(A. molinieri, an endemic species to southeastern France
and A. cana ssp. bolanderi, endemic to the Oregon area of
the United States, the only taxa in the genus to live in
temporarily inundated soils); from near sea level (A.
caerulescens from European marine salt marshes) to the top
of high mountains, at almost 4,000 m (the Iranian A.
melanolepis and the North American A. pattersonii and A.
scopulorum); some species are ruderal (as A. vulgaris). The
genus is widely distributed in the Northern Hemisphere but
uncommon in the Southern Hemisphere (only about 10
species). Most Artemisia species grow sparsely or form small
populations, but several taxa form large, expansive popula-
tions and characterize landscapes. Different steppe and
semidesert shrubby communities are dominated by species
belonging to the subgenera Seriphidium (Mediterranean
region, Central Asia) or Tridentatae (North America).

Classification

In such a large genus, it is to be expected that many
attempts have been made to establish an infrageneric
classification. The main proposals are compared in Table 1,
where we can see that some large infrageneric groups are
more or less present in all Artemisia classifications. Besser
(1829, 1832, 1834, 1835) and Candolle (1837) established
these groups as sections. They follow and are based on a few
morphological characters:

Artemisia (originally named Abrotanum Besser). Het-
erogamous capitula with outer florets female and central
florets hermaphrodite, and fertile and glabrous receptacle.

Absinthium DC. Heterogamous capitula with outer
florets female and central florets hermaphrodite and
fertile and hairy receptacle. Some authors merge this
section into the precedent one.

Dracunculus Besser. Heterogamous capitula with
outer florets female and central florets hermaphrodite
but female-sterile and glabrous receptacle. Cassini
(1817) transferred the species of this section to a new
genus, Oligosporus Cass.

Seriphidium Besser. Homogamous capitula with all
florets hermaphrodite and fertile and glabrous receptacle.

Table 1—Comparison among different infrageneric classifications of Arfermisia.

Category Infrageneric taxa Reference
Genera Absinthium Abrotanum Artemisia Tournefort (1700)
Genus Artemisia Linné (1735)
Genera Artemisia Oligosporus Cassini (1817); Lessing (1832)
Sections Absinthium Abrotanum Serjphidium Dracunculus Besser (1829, 1832, 1834, 1835);
De Candolle (1837)
Subgenera Euvartemisia Serjphidium Euvartemisia Rouy (1903)
Subgenera Absinthium Abrotanum Serjphidium Dracunculus Rydberg (1916)
Sections Serjphidium Tridentatae
Subgenera Artemisia Seriphidium Dracunculus Polyakov (1961b)
Subgenera Absinthium | Artemisia Serphidium Dracunculus Persson (1974)
Sections Artemisia Dracunculus Tutin and others (1976)
Subgenera Artemisia Serjphidium \ Tridentatae Dracunculus McArthur and others (1981)
Subgenera Artemisia Serjphidium Dracunculus Podlech (1986)
Genera Artemisia Serphidium Artemisia Ling (1991a,b)
Subgenera Artemisia Serphidium Dracunculus
68 USDA Forest Service Proceedings RMRS-P-21. 2001
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Rydberg (1916) created the new section Tridentatae Rydb.
to include the main part of North American Seriphidium,
which he treated as a subgenus. McArthur (McArthur and
others 1981) elevated this section to the subgeneric level.
Ling (1982, 1991a,b, 1995a,b) proposed separation of one of
the main Artemisia sections (or subgenera) as a large (al-
most 150 species) independent genus, Seriphidium (Besser
ex Hook.) Fourr. (table 1). Bremer and Humphries (1993)
and Bremer (1994) have accepted this segregation in their
cladistic revisions of the tribe Anthemideae and the family
Asteraceae, respectively.

Some small (even monotypic) genera have also been re-
moved from Artemisia, such as Filifolium Kitam., Kaschgaria
Poljakov, Neopallasia Poljakov, Turaniphytum Poljakov, Ela-
chanthemum Y. Ling & Y.R. Ling, Artemisiella A. Ghafoor,
Artemisiastrum Rydb., Mausolea Poljakov and Picrothamnus
Nutt. (Bremer and Humphries 1993; Ghafoor 1992; Ling
and Ling 1978; Poljakov 1961a; Rydberg 1916). However,
many current treatments retain these proposed segregates
within Artemisia. Most of the generaincluded in the subtribe
Artemisiinae contain some species previously described as
members of Artemisia.

Cytogenetics

Artemisia chromosomes are rather small (2—8 um). Karyo-
types tend to be symmetric, considering both the interchro-
mosomal and the intrachromosomal asymmetry (McArthur
and Plummer 1978; McArthur and Pope 1979; McArthur
and others 1981; Mendelak and Schweizer 1986; Oliva and
Valles 1994; Schweizer and Ehrendorfer 1983; Valles and
Siljak-Yakovlev 1997); they fit into 2A and 2B classes
(Stebbins 1971). The use of Giemsa C-banding and chro-
momycin and bisbenzimide fluorochrome banding (Mendelak
and Schweizer 1986; Oliva and Valles 1994; Schweizer and
Ehrendorfer 1983; Valles and Siljak-Yakovlev 1997; Torrell
and Valles, unpublished data on file at Laboratori de Botanica,
Facultat de Farmacia, Universitat de Barcelona) provide
the opportunity to use heterochromatic chromosome seg-
ments banding patterns—called banding style by Schweizer
and Ehrendorfer (1983)—for systematic study. There is a
predominance of telomeric bands over intercalary and cen-
tromeric bands. Chromomycin-positive (GC-rich) bands ap-
pear often linked to the nucleolus organizing regions in
satellited chromosomes. Preliminary studies using fluores-
cent in situ hybridization (FISH) show that 18S rDNA tends
to be located in the chromomycin-positive regions (Torrell
and others, unpublished data on file at Laboratori de
Botanica, Facultat de Farmacia, Universitat de Barcelona).
The general pattern basically characterized by telomeric
bands is also found in other genera of the tribe Anthemideae
(Schweizer and Ehrendorfer 1983). B chromosomes have
been reported in different numbers (1-5) in some species and
populations of the genus (McArthur and others 1981;
McArthur and Sanderson 1999a; Torrell and others 1999a,
2000; Valles and Siljak-Yakovlev 1997; Torrell and Valles,
unpublished data on file at Laboratori de Botanica, Facultat
de Farmacia, Universitat de Barcelona).

The genus has two basic chromosome numbers, the largely
predominating x =9 and the less extended x = 8. X =9 is not
only the most common basic number in the genus Artemisia,
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but in the tribe Anthemideae and the family Asteraceae as
well (McArthur and Sanderson 1999; Oliva and Valles 1994;
Schweizer and Ehrendorfer 1983; Solbrig 1977; Valles and
Siljak-Yakovlev 1997). A single species has been reported at
x = 7 (Artemisia pattersonii—Wiens and Richter 1966). We
do not believe this isolated circumstance warrants consider-
ation as a basic chromosome number for the genus; rather,
we believe this must have been an aneuploid reduction. Two
phenomena have been basic in the chromosome evolution in
the genus: polyploidy and dysploidy.

Polyploidy

Apart from being a common evolutionary mechanism in
plants, it has been widely recognized as particularly active
in Artemisia (Ehrendorfer 1964, 1980; Estes 1969; Koul
1965; McArthur and Pope 1979; McArthur and others 1981,
McArthur and Sanderson 1999; Oliva and Valles 1994;
Persson 1974; Torrell and others 1999b, 2000; Valles 1987a,
1987Db; Valles and Siljak-Yakovlev 1997). A high percentage
of Artemisia species are polyploid. This phenomenon is
present in all the major groups into which the genus is
divided. Both basic chromosome numbers show polyploidy,
with levels up to 12x for x = 9 and 6x for x = 8. The
circumboreal, butlargely Eurasian, Artemisia dracunculus,
for which the chromosome numbers 2n = 18, 36, 54, 72 and
90 have been reported (Kawatani and Ohno 1964; Rousi
1969) constitutes a good example of a complete series from
diploid to decaploid levels, based on x =9. The large, western
North American subgenus Tridentatae (= sagebrush), also
based on x = 9, provides another robust example of polyp-
loidy from diploid (2n = 18) to octoploid (2n = 72) levels
(McArthur and Sanderson 1999). The dodecaploid level has
been reported to now only for one species, A. macrantha
(Malakhova 1990). For x = 8, the Artemisia vulgaris group
shows a series from diploid to hexaploid levels (Valles 1987a;
Valles and Torrell, unpublished data on file at Laboratori de
Botanica, Facultat de Farmacia, Universitat de Barcelona).
Recent studies (Torrell and Valles 2001) show that nuclear
DNA content (ranging approximately from 3 to 27 pg) is well
correlated with ploidy level, and that evolutionary trends in
genome size in the genus comprise both decreases and
increases in DNA content, as it has been reported to happen
in other groups belonging to the family Asteraceae (Cerbah
and others 1999; Price and Bachmann 1975).

Dysploidy

The existence of two basic numbers shows Artemisia as a
dysploid genus. Dysploidy is present in three of the main
groups in the genus (Artemisia, Absinthium and Dracuncu-
lus); Seriphidium and Tridentatae display only one basic
number, x = 9. Kawatani and Ohno (1964) inferred that
x = 9 was the original basic number from the fact that it is
the most common one in the genus. Valles and Siljak-
Yakovlev (1997) found evidence for a chromosomal fusion in
A. vulgaris, which experimentally supported the hypothesis
that descending dysploidy in the genus is derived. This 2n =
16 species has a chromosome pair much longer than the
remaining 7 pairs. This long pair of chromosomes is almost
perfectly metacentric and includes a centromeric
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heterochromatic region. In addition to that, this chromo-
some pair shows a high centromeric fragility, so that both
arms of every chromosome often appear distinctly separated
after squashing. These traits are evidence of a chromosomal
fusion. This can explain the appearance of a number of x =
8 based species, as well as the existence of some erroneous x
=9based counts for some of these taxa. Subsequent research
has confirmed the same fusion syndrome in other species,
such as A. judaica, A. lucentica, and A. reptans (Torrell and
Valles, unpublished data on file at Laboratori de Botanica,
Facultat de Farmacia, Universitat de Barcelona), and
A. incana and A. splendens (Torrell and others 2000), repre-
senting different groups in which dysploid processes have
occurred. Polyploid x = 8 taxa (for example, A. splendens,
2n = 32) have two larger metacentric chromosome pairs,
confirming the likelihood of a fusion event prior to
polyploidization (Torrell and others 2000). The idea of de-
scending dysploidy as an evolutionary trend is consistent
with what is known in different genera in the family
Asteraceae (Siljak-Yakovlev 1996; Solbrig 1977). Other ex-
amples of dysploid processes are known in the tribe
Anthemideae (Heywood and Humphries 1977), even though
this is not a common mechanism in the tribe (Mitsuoka and
Ehrendorfer 1972; Schweizer and Ehrendorfer 1983).

Chromosome Number Evolution

Figure 1 presents a scheme of the putative chromosome
number evolution in Artemisia. The examples described
above illustrate almost all changes in chromosome number
and ploidy level. There is only one point left: the appearance
of 2n = 34 populations or taxa. This chromosome number
may be reached from 2n = 18 through 2n = 36 or from 2n =
16 through 2n = 32. In the first case we cite the example of
A. umbelliformis, with one 2n = 18 subspecies (ssp. eriantha)
and another one (ssp. umbelliformis) for which 2n = 36 and
2n =34 have been reported (Oliva and Valles 1994). Chromo-
some morphology suggests an allotetraploid origin for A.
umbelliformis ssp. umbelliformis, with ssp. eriantha as one

18 > 1614

36— >34 132

54 48

)

72

I
90

108

Figure 1—Chromosome
number evolution in the
genus Arfemisia.
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of the ancestors (Ehrendorfer 1980; Gutermann 1979; Oliva
and Valles 1994); 2n = 34 populations seem stabilized
enough todiscard a simple case of aneuploidy and to consider
adysploid-polyploid origin of a new secondary basic number,
x =17. Some populations of the A. vulgaris complex may also
have reached this number from 2n = 16 by means of polyp-
loidy and duplication of one chromosome pair (Valles and
Torrell, unpublished data on file at Laboratori de Botanica,
Facultat de Farmacia, Universitat de Barcelona).

Molecular Biology

Working on Artemisia it is easy to be convinced that, as
Persson (1974) stated, the currently accepted main groups
within the genus do not represent natural groups. So, differ-
ent attempts have been made in recent years to refine or
redefine the systematics of the genus to the light of molecu-
lar data (Kornkven and others 1998, 1999; McArthur and
others 1998a,b; Torrell and others 1999b). Two main ques-
tions (generic delimitation and infrageneric classification)
concerning classification may be addressed by molecular
studies.

Generic Delimitation

As stated above (see Classification section), different au-
thors proposed to segregate some of the main infrageneric
groups in Artemisia, namely Oligosporus (Cassini 1817) and
Seriphidium (Bremer 1994; Bremer and Humphries 1993;
Ling, 1982, 1991a,b, 1995a,b), as independent genera. Phy-
logeny based on the nuclear ribosomal DNA internal tran-
scribed spacers (ITS-1 and ITS-2) sequences does not sup-
port these segregations and shows a monophyletic genus in
its broad, classical sense (Torrell and others 1999b). Molecu-
lar data support morphological ones. Only minor morpho-
logical-physiological traits (receptacle indumentum and sex
of peripheral florets) separate Dracunculus (the basis for the
genus Oligosporus) and Seriphidium from other main groups
in the genus, whereas major characters, such as pollen and
cypsela morphology, clearly define them as members of the
genus Artemisia.

Infrageneric Classification

ITS sequencing data define five major clades within
Artemisia, which are similar, but not identical, to the five
main groups discussed in the Classification section (above)
(table 1). Figure 2 shows these clades, which have the
following links with the classically recognized groups:

Tridentatae and Dracunculus are delimited as tradi-
tionally conceived. Absinthium and Seriphidium are
resolved in clades with the addition of some species up
to now included in Artemisia, a completely fragmented
group in the ITS phylogeny (which agrees with the
extraordinary morphological variation within the
group).

Finally, a clade is constituted by the taxa of the group
of A. vulgaris, the type species of the genus.

The analysis of molecular data shows the monophyly of
subgenus Tridentatae (RAPD: McArthur and others 1998a;
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Figure 2—Cladogram showing the hypothetical ITS phylogeny of Arfermisia (adapted from
Torrelland others, 1999b). Consistency index excluding uninformative characters (Cl) =0.471;
retention index (RI) = 0.740. Numbers above branches are bootstrap percentages and
parsimony jackknife results: first, Lidén and others (1997) bootstrap method; second, Plunkett
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TRI = Section/Subgenus 7ridentatae, OUTG = Outgroup.
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ITS sequencing: Kornkven and others 1998; Torrell and
others 1999b; chloroplast DNA: Kornkven and others 1999)
and clearly supports the independence of this North Ameri-
can endemic group from Seriphidium (Torrell and others
1999b). Bremer and Humphries (1993) and Ling (1995b)
included the members of Tridentatae in the genus Seri-
phidium, even though different authors had suggested, on
the basis of morphological, karyological or chemical charac-
ters, the independence and the convergent evolution of both
subgenera or even a closer relationship between Tridentatae
and Artemisia than between Tridentatae and Seriphidium
(Jeffrey 1995; McArthur 1979; McArthur and others 1981,
1998a,b; McArthur and Plummer 1978; Seaman 1982; Shultz
1986).

Perspectives in the Study of
Artemisia

The present article has summarized a significant part of
the considerable amount of research carried out in different
fields about the genus Artemisia. We can conclude that it is
a rather well-studied genus, but some of its systematic and
phylogenetic aspects remain unsolved as, for example, the
placement of A. filifolia, A. palmeri, and A. californica, see
Hall and Clements (1923) and McArthur and Sanderson
(1999), or the infrageneric classification (Torrell and others
1999b). Apart from research about applied aspects that are
very relevant in this genus, even though they are not the
main object of this paper, many biosystematic studies—in
morphology, population biology, cytogenetics, and molecu-
lar biology, among others—are suitable in order to obtain a
better knowledge of the genus. We believe that karyological
(from chromosome counts to molecular cytogenetics) and
molecular (combining different techniques in as many taxa
as possible) studies in Artemisia and the subtribe to which
it belongs (Artemisiinae) will be effective tools in better
systematic definition.

These further studies may support or contradict the present
evidences and nuances. They may demonstrate that a new
revision of the genus is necessary or contrariwise they may
confirm our present understanding in regard to both the
infrageneric classification and the relationships between
Artemisia and its closely related genera (subtribe Artem-
isiinae). However, we believe that it is certain that multi-
disciplinary systematic and phylogenetic studies will
continue on this interesting and important group of plants.
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