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INTRODUCTION

Anthemideae (Asteraceae) is a medium-sized 
tribe consisting about 109 genera and 1740 spe-
cies including many useful species such as chry-
santhemums, daisies, chamomiles, tarragons, as 
well as the widespread sagebrushes, which domi-
nate most cold and many warm deserts in the 
Northern Hemisphere (Bremer and HumpHries 
1993; Watson et al. 2000; 2002). Nearly 30 genera 
(belonging to 7 subtribes) endemic to eastern Asia 
particularly in China and 8 genera (belonging to 4 
subtribes) are introduced to cultivation. Subtribe 
Artemisiinae, the most important subtribe of An-
themideae, in which 15 genera are distributed to 
eastern Asia and 8 of 15 genera are endemic to 
the region. Taxa in Artemisiinae can be classified 
into two large groups i.e. the Artemisia L. group 
and the radiate group in term of the morphologi-
cal characteristics (Bremer and HumpHries 1993). 
However, phylogenetic analysis based on the ITS 
sequences doesn’t support the classification based 

on morphology (Watson et al. 2002; Vallès et al. 
2003; oBerprieler et al. 2007). Moreover, inter-
generic hybridizations between these genera 
are readily obtainable (oHisHi et al. 1996; aBd 
El-tWaB et al. 1999a; ABd el-tWaB and Kondo 
1999b; 2001; Kondo et al. 2002; 2003; Yin 2005; 
li 2006; ZHao et al. 2007), further suggesting the 
complicated phylogenetic relationship between 
genera in this subtribe. The systematic relation-
ships of genera within the subtribe remain com-
plex, which should be further investigated and 
illustrated.

The attempt to reveal the relevance of karyo-
logical information and systematic knowledge of 
genera in this tribe, particularly those discretely 
distributed and eastern Asian endemic taxa, is of 
great value. Karyological information of a large 
number of Chinese taxa are available (li et al. 
1983; Qiao, Yan and ZHang,1990; Wang et al. 
1991; 1993; Kondo et al. 1992; 1995; 1998; 1999; 
CHen et al. 1996; ZHou et al. 1996; ZHou and 
Wang 1997; Li and ZHao 1998; suZuki et al. 2001; 
CHen et al. 2003; oHasHi and Yonekura 2004; 
guo et al. 2005; Vallès et al. 2005; SánCHeZ-
JiméneZ et al. 2009). However, ploidy levels var-
ied upon species, even in different populations of 
the same species. For example, different ploidies 
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from diploid (2x) to decaploid (10x) exists in Aja�
nia Poljakov and Chrysanthemum L., even up to 
hexaidecaploid (16x) in Artemisia (pelliCer et al. 
2007). Therefore, chromosomal data on Chinese 
taxa in this tribe is still worthy to be investigated. 
In present study, the taxa (mainly Ajania, Chry�
santhemum and their allied taxa) of Anthemideae 
collected mainly from the northwest of China are 
employed for karyotype analysis. We here provide 
novel cytological information for some genera of 
the tribe. The systematics and evolution in An-
themideae endemic to eastern Asia is discussed 
on the basis of the combination of new cytologi-
cal data, the biogeography and the morphology 
data as well.

MATERIALS AND METHODS

Plant materials - Eighteen taxa belonging to seven 
genera in Anthemideae endemic to China were 
included in the analysis (Table 1). Plant samples 

or their seeds were collected from natural habitats 
in 2004 to 2006, and specimens were deposited at 
China Chrysanthemum Preserving Center, Nan-
jing Agricultural University.

The classification of Anthemideae follows 
oBerprieler et al. (2006), Bremer and HumpHries 
(1993) and sHiH and Fu (1983).
Chromosome analysis - Seedlings were raised from 
seeds or cuttings. Vigorous root tips (1-3 cm in 
length) were excised from the seedlings and pre-
treated with ice water for 20-24 h at 4 °C tempera-
ture. Then the roots were fixed with Carnoy fixed 
solution (1:3 glacial acetic acid–absolute ethanol) 
for at least 24 h at 4 °C, and then squashed with 
a drop of 45% acetic acid, and observed with an 
Olympus BX41 phasecontrast microscope (Olym-
pus, Japan). Photos were recorded by an Olympus 
Camedia C-5060 wide zoom digital camera.

Karyotypes were obtained from well-spread 
metaphase plates. Karyotype analysis was made 
using the software ikaros and followed Li and 
CHen (1985). The long arm, short arm, and total 

Taxon Source of materials Source of roots 2n Ploidy level

Chrysanthemum L.
C. oreastrum Hance TBS Seedling 36 4x
C. indicum L. (YTS pop. *) YTS Cutting plantlet 18 2x
C. indicum L. (LS pop. *) LS Cutting plantlet 36 4x

Ajania Poljakov
A. fastigiata (C.Winkl.) Poljakov ML Cutting plantlet 36 4x
A. khartensis (Dunn) C. Shih KD Cutting plantlet 36 4x
A. myriantha (Franch.) Y. Ling ex C. Shih KD Cutting plantlet 36 4x
A. potaninii (H. Kraschen.) Poljakov JC Cutting plantlet 18 2x
A. przewalskii Poljakov (MRK pop. *) MEK Cutting plantlet 36 4x
 A. przewalskii Poljakov (JY pop. *) JY Cutting plantlet 18 2x
A. remotipinna (Hand.-Mazz.) Y. Ling ex C. Shih TBS Cutting plantlet 18 2x
 A. tenuifolia (Jacq.) Tzvelev HY Cutting plantlet 36 4x

Phaeostigma Muldashev
P. salicifolium (Mattf.) Muldashev JY Seedling 18 2x
P. variifolium (Chang) Muldashev TBS Seedling 18 2x

Neopallasia Poljakov
N. pectinata (Pall.) Poljakov HS Seedling 18 2x

Opisthopappus C. Shih
O. taihangensis (Y. Ling) C. Shih YTS Cutting plantlet 18 2x

Hippolytia Poljakov
H. alashanensis (Y. Ling) C. Shih HLS Seedling 18 2x

Achillea L.
A. acuminata (Ledeb.) Sch. Bip. TBS Seedling 18 2x
A. wilsoniana Heimerl ex Hand.-Mazz. TBS Seedling 36 4x

Table 1 — The source, chromosome number and ploidy level in Anthemideae from China. *YTS pop.: the mate-
rial from Yuntaishan mountain, Henan; LS pop.: the material from Laoshan mountain, Shandong; MRK pop.: the 
material from Maerkang, Sichuan; JY pop.: Jingyuan, Gansu.
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lengths of each chromosome were measured, from 
which the relative lengths, arm ratios, centromeric 
indices, the percentage of chromosome with arm 
ratio beyond 2 were calculated. The sum of chro-
mosomes arms (number fundamental, N.F) were 
determined as well, for metacentric and submeta-
centric chromosomes, the arm No. was assigned 
as 2, while for acrocentric chromosomes, the arm 
No. was 1 (Li and CHen; 1985). The chromosome 
nomenclature followed LeVan et al. (1964). The 
intrachromosomal asymmetry index (A1) and the 
interchromosomal asymmetry index (A2) were 
calculated according to the formula proposed by 
Romero ZarCo (1986). The ratio of length of all 
long arms in chromosome set to total chromosome 
length in set (AsK%) was calculated according to 
Arano (1963). The nomenclature of karyotype 
asymmetry type followed steBBins (1971).

RESULTS

The somatic chromosome numbers and the 
ploidy levels are presented in Table 1, and the 
karyotype formula, ranges of chromosome rela-
tive length (RL), the ratio of the longest chromo-
some to shortest chromosome (LC/SC), the per-
centage of chromosome with arm ratio beyond 2 
(P.C.A), number fundamental (N.F.), the intrac-
hromosomal asymmetry index (A1) and the inter-
chromosomal asymmetry index (A2), the ratio of 
length of all long arms in chromosome set to total 
chromosome length in set AsK%, and Karyotype 
asymmetry type were summarized in Table 2. So-
matic chromosome metaphases of the eighteen 
taxa were presented in Figures 1-18 and the idi-
ograms of each taxon in Figures 19-36.

Subtribe Artemisiinae Less. emend. Bremer and 
Humphries
Genus Chrysanthemum L.

Chrysanthemum oreastrum Hance. Shanxi, 
Taibaishan mountain (TBS): Fangyangshi, stone 
lacunes, 2950 m, Zhao H.-B. and Ren G.-B., Zhao.
TB06-04, 2n = 4x = 36 (Figs 1, 19).

This species is endemic to Far East, Korea 
and China (Hebei, Hunan, Shaanxi, Shanxi and 
Jilin province) and has a discontinuous distribu-
tion from central and western China to Far East. 
It is mainly distributed in high-altitude (1800 – 
3200 m) stone lacunes, grassy slopes and alpine 
meadows. The karyotype asymmetry type is 2A 
and includes 16 median region (m), 16 subme-
dian region (sm) and four subterminal region (st) 
centromere-location chromosomes. ZHou and 

Wang (1997) reported two chromosome counts 
on this species respectively from Jishou (Hunan 
province, China) (2n = 36 = 24m + 8sm + 4t) 
and Xiaowutaishan mountain (Hebei province, 
China) (2n = 18 =12m + 6sm), and the karyotype 
asymmetry type of both taxa are all 2A. This spe-
cies shows either a diploid or a tetraploid in two 
discontinuously distributed regions.
Chrysanthemum indicum L..Henan, Yuntaishan 
mountain (YTS), roadsides, streamsides and 
grassy slopes, 300-500 m, Zhao H.-B. and Wang 
Y.-F., Zhao.HN06-01, 2n = 2x = 18 (Figs 2, 21).

Shandong, Qingdao: Laoshan mountain (LS), 
roadsides and stone lacune, 800 m, Zhao H.-B., 
Zhao.SD04-01, 2n = 4x = 36 (Figs 3, 22).
Chrysanthemum indicum L. is a wide-distributed 
species in Eastern Asia and has rich variations in 
morphology. Many varieties in this species were re-
ported in China (li et al. 1983) and Japan (oHasHi 
and Yonekura 2004). It is commonly tetraploid 
(li et al. 1983; Wang et al. 1993; CHen et al. 1996; 
ZHou and Wang 1997; suZuki et al. 2001; Vallès 
et al. 2005) and rare diploid (kim et al. 2003) and 
hexaploid (oHasHi and Yonekura 2004). Chrysan�
themum indicum in Yuntaishan mountain (Henan 
province) population (YTS pop.) is diploid, and 
the karyotype asymmetry type is 2A including 14 
median region (m) and four submedian region 
(sm) centromere-location chromosomes. Laoshan 
mountain (Shandong province) population (LS 
pop.) is tetraploid, and the karyotype asymmetry 
type is 2A including 24 median region (m), 11 
submedian region (sm) with centromere-location 
chromosomes and one subterminal region (st) cen-
tromere-location chromosomes. The YTS popula-
tion (diploid) bears unique morphology such as bi-
pinnatipartite leaves and long filate bracts (> 2 cm 
in length). Whereas the LS pop. shows the smooth 
and coriaceous leaves, which are morphologically 
different from that of protospecies, suggesting that 
these two populations may be two new subspecies 
or varieties.

Genus Ajania Poljakov
Ajania fastigiata (C.Winkl.) Poljakov. Xinjiang, 
Mulei (ML), grassy slopes, 1220 m, Zhao H.-B., 
Zhao.XJ06-07, 2n = 4x = 36 (Figs 4, 20).

This taxa is endemic to Tianshan mountain 
(Xinjiang province) and mainly distributes in 
grassy slopes and sandy steppes. The taxa is a 
tetraploid while maltZeVa (1969) reported the 
diploid. The karyotype asymmetry type of present 
population from Mulei (Xinjiang province) is 2A 
and includes one median point (M), 17 median 
region (m), 16 submedian region (sm) and two 
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Figures 1-18 — Somatic metaphase chromosomes. Fig. 1. C. oreastrum (2n=36). Fig. 2. C. indicum (YTS pop.) 
(2n=18). Fig. 3. C. indicum (LS pop.) (2n=36). Fig. 4. A. fastigiata (2n=36). Fig. 5. A. khartensis (2n=36). Fig. 6. 
A. myriantha (2n=36). Fig. 7. A. potaninii (2n=18). Fig. 8. A. przewalskii (MRK pop.) (2n=36). Fig. 9. A. przewalskii 
(JY pop.) (2n=18). Fig. 10. A. remotipinna (2n=18). Fig. 11. A. tenuifolia (2n=36). Fig. 12. P. salicifolium (2n=18). 
Fig. 13. P. variifolium (2n=18). Fig. 14. N. pectinata (2n=18). Fig. 15. O. taihangensis (2n=18). Fig. 16. H. alasha�
nensis (2n=18). Fig. 17. A. acuminata (2n=18). Fig. 18. A. wilsoniana (2n=36). Bar: 10 µm.

Figures 1-15 — Somatic metaphase chro-
mosomes.

Figures 16-18 — Somatic metaphase chro-
mosomes.
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subterminal region (st) centromere-location chro-
mosomes.
Ajania khartensis (Dunn) C. Shih. Sichuan, 
Kangding (KD): Zheduoshan mountain, rocky 
mountain slopes, 3750-4200 m, Zhao H.-B. and 
Yang Z.-Q., Zhao.SC06-01, 2n = 4x = 36 (Figs 5, 
24).

To our knowledge, this is the first chromosome 
count of tetraploid taxa from Zheduoshan moun-
tain (Kangding, west of Sichuan province). This 
species is endemic to Sichuan, Qinghai, Gansu, 
Yunnan and Tibet province and mainly distrib-
utes in rocky slopes and hills at altitude 2500 to 
5300 m. The karyotype asymmetry type of the taxa 
is 2A and includes 15 median region (m) and 21 
submedian region (sm) centromere-location chro-
mosomes. Other information on karyotype of this 
species was hexaploid (2n = 31m + 9sm + 14st) 
from Qinghai province (kondo et al. 1998).
Ajania myriantha (Franch.) Y. Ling ex C. Shih. 
Sichuan, Kangding and Jinchuan (JY), roadsides, 
streamsides and boscages, Zhao H.-B. and Yang 
Z.-Q., 2150-2600 m, Zhao.SC06-09, 2n = 4x = 
36 (Figs 6, 23).This specie is mainly endemic 
to north of Yunnan, west and north-west of Si-
chuan, southeast of Gansu, south of Qinghai and 
southeast of Tibet. Different populations varied 
in morphology such as the indumentum, leaf dis-
section, life form and habit. kondo et al. (1995) 
reported two populations from Sichuan are re-
spectively diploid (2n = 14m + 4st) and tetraploid 
(2n = 30(m + sm) + 6st), and five populations 
from Qinghai are all diploid (2n = 10m + 4sm + 
4st) (kondo et al. 1998). However, the taxa from 
Sichuan population in present study is tetraploid, 
and its karyotype asymmetry type is 2A including 
22 median region (m), 11 submedian region (sm) 
and three subterminal region (st) centromere-lo-
cation chromosomes.
Ajania potaninii (Krasch.) Poljakov. Sichuan, 
Danba and Jinchuan, roadside, stone lacunes and 
stony slopes, Zhao H.-B. and Yang Z.-Q., 1700-
2750 m, Zhao.SC06-06, 2n = 2x = 18 (Figs 7, 26).

This taxa is endemic to southwest of Shaanxi, 
central and north of Sichuan and southeast of 
Gansu. There are many different forms or varie-
ties of the species which are rich in variation of 
leaf morphology among different geographic dis-
tributions. Here we firstly report the chromosome 
number of this species. The karyotype asymmetry 
type of the population from Jinchuan population 
(Sichuan province) is 2A and includes nine me-
dian region (m), eight submedian region (sm) and 
one subterminal region (st) centromere-location 
chromosomes.

Ajania przewalskii Poljakov. Sichuan, Hongyuan 
(HY): Chazhiliangzi, roadsides and stony slopes, 
3700 m, Zhao H.-B. and Yang Z.-Q., Zhao.SC06-
14, 2n = 4x = 36 (Figs 8, 28); Gansu, Jingyuan: 
Maxiaoshan mountain, grassy slopes and road-
sides, 2800 m, Zhao H.-B. and Ren G.-B., Zhao.
GS06-01, 2n = 2x = 18 (Figs 9, 25).

This species is mainly endemic to Sichuan, 
Qinghai and Gansu province. The karyotype 
asymmetry type of the population from Sichuan 
is 2B including 19 median region (m), 16 sub-
median region (sm) and one subterminal region 
(st) centromere-location chromosomes, while the 
karyotype asymmetry type of the population from 
Gansu is 2B and includes eight median region 
(m), eight submedian region (sm) and two sub-
terminal region (st) centromere-location chromo-
somes. Our findings are agreed with the previous 
reports that there are diploid (2n = 14(m + sm) + 
4st) and tetraploid (2n = 24m + 11sm + 1st and 
2n = 28 (m + sm) + 8st) in different populations 
(kondo et al. 1992, 1995).
Ajania remotipinna (Hand.- Mazz.) Y. Ling ex 
C. Shih. Shaanxi, Taibaishan mountain, grassy 
slopes, stone lacune and boscages, 2800-2950 m, 
Zhao H.-B. and Ren G.-B., Zhao.TB06-01, 2n = 
2x = 18 (Figs 10, 27).

We here firstly reported the chromosome 
number of this species which is endemic to 
Shaanxi, Sichuan, Gansu and Tibet provinces. The 
karyotype asymmetry type of the population from 
Taibaishan mountain (Gansu province) is 2B and 
includes 8 median region (m) and 10 submedian 
region (sm) centromere-location chromosomes.
Ajania tenuifolia (Jacq.) Tzvelev. Sichuan, Hongy-
uan: Shuajinshi, roadsides and meadows, 3200 m, 
Zhao H.-B. and Yang Z.-Q., Zhao.SC06-13, 2n = 
4x = 36 (Figs 11, 29).

This species is endemic to Gansu, Sichuan, 
Qinghai and Tibet province. kondo et al. (1992) 
reported tetraploid of the species (kondo et al. 
1992). Our results confirmed Kondo’s finding in 
ploidy level of the taxa. Here, the karyotype asym-
metry type of the population from Sichuan is 2A 
and includes 18 median region (m), 15 submedian 
region (sm) and three subterminal region (st) cen-
tromere-location chromosomes.

Genus Phaeostigma Muldashev
Phaeostigma salicifolium (Mattf.) Muldashev Gan-Muldashev Gan-
su, Jingyuan: Maxiaoshan mountain, grassy slopes 
and boscages, 2800 m, Zhao H.-B. and Ren G.-B., 
Zhao.GS06-02, 2n = 2x = 18 (Figs 12, 30).

This species is endemic to China (Gansu, 
Qinghai, Sichuan and Shaanxi province) and dis-
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tributes in grassy slopes, stony slopes and boscag-
es, altitude 2600 to 4600 m. We found that the 
karyotype asymmetry type of Maxiaoshan moun-
tain population (Gansu province) is 2A includ-
ing 12 median region (m), five submedian region 
(sm) and one subterminal region (st) centromere-
location chromosomes. kondo et al. (1995, 1998) 
reported the chromosome number and karyotype 
asymmetry type of five populations from Gansu 
and Qinghai province. All populations are dip-
loid with different number of satellites at differ-
ent chromosomes. Moreover, the chromosomes of 
this species are largest in length within all taxa of 
Ajania, Chrysanthemum and Phaeostigma studied 
so far.
Phaeostigma variifolium (Chang) Muldashev. 
Shaanxi, Taibaishan mountain, grassy slopes, al-
pine meadows and boscages, Zhao H.-B. and Ren 
G.-B., 3400-3500 m, Zhao.TB06-02, 2n = 2x = 18 
(Figs 13, 31).

This is the first report on the chromosome 
number of this Chinese species endemic to Hubei, 
Shanxi and Heilongjiang province. It distributes 
in rocky slopes and subalpine meadows, altitude 
1200 to 3500m. The karyotype asymmetry type of 
this species from Taibaishan mountain (Shaanxi 
province) is 2A and includes 10 median region 
(m), seven submedian region (sm) and one sub-
terminal region (st) centromere-location chromo-
somes.

Genus Neopallasia Poljakov
Neopallasia pectinata (Pall.) Poljakov. Xinjiang, 
Heshuo (HS): Hongshan, stony slopes near the 
river and sandy steppes, 1700 m, Zhao H.-B., 
Zhao.XJ06-05, 2n = 2x = 18 (Figs 14, 32).

This species is endemic to Central Asia, South-
ern Siberia, Mongolia and China. The taxa from 
Xinjiang province are diploid and the karyotype 
asymmetry type is 1A including 15 median region 
(m) and three submedian region (sm) centromere-
location chromosomes. The results agreed with 
the most previous reports of diploid level (suZuka 
1952; kaWatani and oHno 1964; Qiao et al. 1990; 
garCia et al. 2006; SánCHeZ-JiméneZ et al. 2009). 
At the same time, Vallès et al. (2005) reported a 
tetraploid population of this species from south-
ern slope of Eastern Tianshan mountain (Xinjiang 
province).

Subtribe Tanacetinae Bremer and Humphries
Genus Opisthopappus C. Shih

This genus including two species is endemic 
to China with a restricted distribution in Taihang-
shan mountain.

Opisthopappus taihangensis (Y. Ling) C. Shih. 
Henan, Yuntaishan: Zhuyufeng, stone lacunes, 
900 m, Zhao H.-B. and Wang Y.-F., Zhao.HN06-
03, 2n = 2x = 18 (Figs 15, 33).
Opisthopappus taihangensis (Y. Ling) C. Shih is 
endemic to southeast of Taihangshan mountain 
and distributes in rocky slopes and stone lacunes, 
altitude 800 to 1000 m. The materials from Yun-
taishan mountain are diploid (li et al. 2008) and 
the karyotype asymmetry type is 2A including 11 
median region (m) and seven submedian region 
(sm) centromere-location chromosomes.

Genus Hippolytia Poljakov
Hippolytia alashanensis (Y. Ling) C. Shih Ningx-
ia, east of Helanshan mountain (HLS): Suyukou, 
stone lacunes, 2000 m, Zhao H.-B. and Ren G.-B., 
Zhao.HL06-02, 2n = 2x = 18 (Figs 16, 34).

Here, we firstly report on new ploidy level 
(diploid) of this species. The previous report for 
this species was given to be a tetraploid cytotype 
(2n=36) in a population from southwest slopes of 
Helanshan mountain (Tonguan, Alxa, Inner Mon-
golia, China) by SánCHeZ-JiméneZ et al. (2009). It 
inferred that the polyploidization may take place 
to its adaptation to different ecological factors 
and habitat conditions in different distributed 
regions even different parts of the same regions 
of this species. The species usually distributes in 
stondy slopes, stone lacunes and sandy steppes in 
Ningxia, central Gansu and west of Inner Mon-
golia provinces. Bremer and HumpHries (1993) 
placed it to H. kaschgarica Poljakov as the syno-
nym. The taxa from east of Helanshan mountain 
are diploid and the karyotype asymmetry type is 
2A including 10 median region (m), six subme-
dian region (sm) and two subterminal region (st) 
centromere-location chromosomes. Somatic chro-
mosome number and ploidy level are in consistent 
with previous reports on H. darvasica (C. Winkl.) 
Poljakov from the Pamir mountains (astanoVa, 
1989) and H. megacephala (Rupr.) Poljakov from 
Zhambulskaya oblast, Kazakhstan (Vallès and 
torrell 2001).

Subtribe Achilleinae Bremer and Humphries
Genus Achillea L.
Achillea acuminata (Ledeb.) Sch. Bip Shaanxi, 
Western Taibaishan: Jiangjiawen, grassy slopes, 
1860 m, Zhao H.-B. and Ren G.-B., Zhao.TB06-
08, 2n = 2x = 18 (Figs 17, 35).

This species is endemic to Eastern Siberia, Far 
East, Mongolia, Japan and China. It is the first re-
port on the chromosome number of the species. 
The karyotype asymmetry type of this species 
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from Taibaishan mountain is 2A and includes 12 
median region (m), four submedian region (sm) 
and two subterminal region (st) centromere-loca-
tion chromosomes.
Achillea wilsoniana Heimerl ex Hand.-Mazz.
Shaanxi, Western Taibaishan: Jiangjiawen, grassy 
slopes, 1860 m, Zhao H.-B. and Ren G.-B., Zhao.
TB06-09, 2n = 4x = 36 (Figs 18, 36).

The species is endemic to Yunnan, Sichuan, 
Guizhou, northwest of Hunan, west of Hubei, 
northwest of Henan, south of Shanxi, central and 
south of Shaanxi and east of Gansu. It is the first 
report on the chromosome number of this spe-
cies. The karyotype asymmetry type of this species 
from Taibaishan mountain is 2A and includes 23 
median region (m), 10 submedian region (sm) and 
three subterminal region (st) centromere-location 
chromosomes.

DISCUSSION

Basic chromosome number and dysploidy - All 
of the examined taxa have the same basic chro-
mosome number x = 9, the most common basic 
number in tribe Anthemideae and the family 
Asteraceae (laWrenCe 1947; arano 1963; 1970; 
sHettY 1964; morton 1981; kaul and BaksHi 
1984; krasnikoV and lomonosoVa 1990; kondo 
et al. 1992; 1995; 1998; 1999; ZHou and Wang; 
1997; Vallès et al. 2001a; 2001b; 2005; garCia 
et al. 2006; inCeer et al. 2007). However, basic 
chromosme number x = 7, 8 and 9 were ever 
reported in Artemisia although x=9 is largely 
dominant (mCArtHur et al. 1981; staHeVitCH 
and Wojtas 1988; Qiao et al. 1990; Bremer and 
HumpHries 1993; oliVa and Vallès 1994; Vallès 
et al. 2001a; 2001b). In tribe Anthemideae, most 
of monotypic, small genera (including 2 - 10 spe-
cies) such as Opisthopappus, Crossostephium (li et 
al. 2008) and Hippolytia (astanoVa 1989; Vallès 
and torrell 2001; SánCHeZ-JiméneZ et al. 2009) 
and medium genera (11 - 50 species) such as 
Chrysanthemum (li et al. 1983; Wang et al. 1993; 
CHen et al. 1996; ZHou and Wang 1997; suZuki 
et al. 2001; kim et al. 2003; Vallès et al. 2005) and 
Ajania (maltZeVa 1969; kondo et al. 1992, 1995; 
1998), show basic chromosome number of x = 9. 
These genera are distributed in relatively narrow, 
restricted or local regions. However Artemisia has 
multi basic chromosome number, widely distrib-
uted in mid- to high-latitude and dominate most 
cold and many warm deserts (ling 1992; Bremer 
and HumpHries 1993; torrell et al. 1999; Vallès 
et al. 2001a; 2001b; 2003; Watson et al. 2002). It 

was supposed that the dysploidy may take place in 
Artemisia during the spread and evolution of this 
genus, which probably contributes to its adapta-
tion to different ecological factors. This phenom-
enon is common in many genera of Asteraceae 
(garCia-jaCas et al. 1996; Vallès et al. 2001a; 
2001b).
Polyploidy - Polyploidy is another remarkable 
evolutionary mechanism in plants (soltis and 
soltis 1999; soltis et al. 2004; otto and WHit-
ton 2000; guo et al. 2005). In Anthemideae, 
polyploidy is very common, particularly in genera 
such as Chrysanthemum (li et al. 1983; nakata et 
al. 1987; 1991a; 1991b; 1992; Wang et al. 1991; 
1993; kondo et al. 1995; 1998; 1999; CHen et al. 
1996; ZHou et al. 1996; ZHou and Wang 1997; 
li and ZHao 1998; suZuki et al. 2001; kim et al. 
2003; CHen et al. 2003; oHasHi and Yonekura 
2004), Ajania (maltZeVa 1969; kondo et al. 
1992; 1995; 1998; suZuki et al. 2001; garCia et al. 
2006), Artemisia (mCartHur et al. 1981; staHe-
VitCH and Wojtas 1988; Qiao et al. 1990; oliVa 
and Vallès 1994; Wang et al. 1998; Vallès et 
al. 2001a; 2001b) and Achillea (laWrenCe1947; 
sHettY 1964; arano 1970; morton 1981; kras-
nikoV and lomonosoVa 1990; laVrenko and ser-
ditoV 1991; HollingsWortH et al. 1992; saHin et 
al. 2006; pelliCer et al. 2007). Ploidy levels range 
from diploid (2n = 2x = 18) to octaploid (2n = 
8x = 72) or decaploid (2n = 10x = 90) or even 
up to hexaidecaploid (2n = 16x = 144). Addition-
ally, a euploid series with different ploidy exist in 
different populations of the same species, such as 
diploid and tetraploid in C. oreastrum, C. indicum, 
A. fastigiata, A. przewalskii and N. pectinata and 
tetraploid and hexaploid in A. khartensis. The co-
existence of different ploidy suggests that the high 
ploidy cytotype may be of auto-polyploidization 
origin, single or multiple duplication and addition 
of the whole chromosome sets. In the same way, 
the polyploidization is also responding to the eco-
logical tolerances.
Karyotype symmetry - Most of the studied taxa 
have more symmetrical karyotype 2A except that 
of N. pectinata is 1A and only JY population of A. 
przewalskii and A. remotipinna have more asym-
metrical karyotype 2B. The asymmetry of karyo-
type is one of the important standards evaluating 
the evolutionary relationship (steBBins 1971; li 
and CHen 1985; pasZko 2006). There is a general 
assumption that, within the angiosperms, asym-
metrical karyotypes are derived from symmetrical 
ones (steBBins 1971; staCe 1989). However, in 
this case, the change in ploidy levels and karyotype 
asymmetry (A1, A2 and AsK%) is not necessarily 
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Figures 19-36 — Haploid idiograms. Fig. 19. C. oreastrum. Fig. 20. A. fastigiata. Fig. 21. C. indicum (YTS pop.). 
Fig. 22. C. indicum (LS pop.). Fig. 23. A. myriantha. Fig. 24. A. khartensis. Fig. 25. A. przewalskii (JY pop.). Fig. 
26. A. potaninii. Fig. 27. A. remotipinna. Fig. 28. A. przewalskii (MRK pop.). Fig. 29. A. tenuifolia. Fig. 30. P. sal� sal�sal�
icifolium. Fig. 31. P. variifolium. Fig. 32. N. pectinata. Fig. 33. O. taihangensis. Fig. 34. H. alashanensis. Fig. 35. 
A. acuminata. Fig. 36. A. wilsoniana.

Figures 19-32 — Haploid idi-
ograms.

Figures 33-36 — Haploid idi-
ograms.
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Figure 37 — Scattergram of intrachromosomal (A1) and interchromosomal (A2) asymmetry of all taxa. Taxa are 
numbered as in Fig. 1-18.

Figure 38 — Distribution of different ploidy levels in Chrysanthemum L..



zhao, li, tang, chen, chen298

coincident (Fig. 37). It suggests that not only the 
polyploidization plays an important role during 
the karyotype evolution and the speciation, but 
also ecological selection should be an alternative 
important factor for karyotype asymmetry.
Ploidy level, geographic distribution and morpholo�
gy - The correlations among the ploidy, geograph-
ic distribution and morphology can be found in 
Chrysanthemum and Ajania. Species in these two 
genera have different ploidy levels: 1) diploid spe-
cies such as Chrysanthemum nankingense Hand.-
Mazz, C. naktongense Nakai, C. lavandulifolium 
(Fisch. ex Trautv.) Makino, C. potentilloides 
Hand.-Mazz., C. arisanense Hayata and C. mon�
golicum Y. Ling; Ajania achilloidea (Turcz.) Poljak-
ov ex Grubov, A. fruticulosa (Ledeb.) Poljakov, A. 
potaninii (H. Kraschen.) Poljakov, A. remotipinna 
(Hand.-Mazz.) Y. Ling and C. Shih and A. rup�
estris (Matsum. ex Koidz.) Muldashev (maltZeVa 
1969; li et al. 1983; nakata et al. 1991a; 1991b; 
Wang et al. 1991; 1993; kondo et al. 1992; 1995; 

1998; ZHou et al. 1996; ZHou and Wang 1997; 
li and ZHao 1998; suZuki et al. 2001; kim et al. 
2003; oHasHi and Yonekura 2004; garCia et al. 
2006), 2) tetraploid species such as C. indicum, 
C. okiense Kitam., C. yoshinaganthum Makino ex 
Kitam. and C. coreanum Nakai; A. fastigiata (C. 
Winkl.) Poljakov, A. khartensis (Dunn) C. Shih, 
A. latifolia C. Shih, A. myriantha (Franch.) Y. 
Ling ex C. Shih and A. tenuifolia (Jacq.) Tzve-
lev (nakata et al. 1987; kondo et al. 1992; 1995; 
1998; ZHou and Wang 1997; Vallès et al. 2005), 
3) hexaploid such as C. japonense Nakai, C. wey�
richii (Maxim.) Miyabe, C. aphrodite Kitam., C. 
vestitum (Hemsley) Stapf and C. argyrophyllum Y. 
Ling.; A. khartensis (Dunn) C. Shih and A. pal-
lasiana (Fischer ex Besser) Poljakov (nakata et 
al. 1987; Wang et al. 1991; iWatsuki et al. 1997; 
ZHou and Wang 1997; kondo et al. 1998), 4) 
octaploid such as C. ornatum Hemsley and C. 
morii Hayata; A. shiwogiku (Kitam.) Bremer and 
Humphries and A. nematoloba (Hand.-Mazz.) 

Figure 39 — Distribution of different ploidy levels in Ajania. Poljakov.
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Y. Ling ex C. Shih (nakata et al. 1987; Hotta 
et al. 1996; kondo et al. 1998; 1999) and deca-
ploid such as C. crassum (Kitam.) Kitam. and C. 
yezoense Maekawa; A. pacifica (Nakai) K.Bremer 
and Humphries (nakata et al. 1987; nisHikaWa 
and koBaYasHi 1989; Hotta et al. 1996). These 
taxa are continuously distributed in Central Asia, 
China, Siberia, Korea, Japan and Far East (Figs 
38, 39). From west to east in Eurasia, the dis-
tribution of taxa of different ploidy level is of a 
geographically staircase rule. In Chrysanthemum, 
the diploid taxa mainly distribute in Central Asia, 
northwest of China, west of Siberia and Mongolia; 
the tetraploid and hexaploid taxa chiefly distrib-
ute in east and south of China, east of Siberia and 
Far East; while Japan and Taiwan of China are the 
distribution area of the octaploid and decaploid 
taxa (Fig. 38). The distribution of Ajania is of the 
same trends as the Chrysanthemum (Fig. 39). In-
terestingly, this treppe distribution of the taxa is 
associated with the variation in their morphology. 
Most of taxa endemic to Central Asia, northwest 
of China, west of Siberia and Mongolia sometimes 
have thin or procumbent stem and less, dissected, 
pinnatipartite or pinnatisect leaves with tomen-
tum on both surfaces. However, the taxa endemic 
to east of China and Japan have erect stem and 
relatively large, lobed or sinuose leaves that are 
rarely tomentose or with tomentum only on the 
lower surface. Thus, the conjunction of chromo-
some data and the distribution can be used as 
additional evidences to support the morphology 
classification. The correlation of ploidy level and 
the geographic distribution revealed here further 
confirm the evolutional route, i.e. from western or 
central Asia gradually to eastern Asia, eastern Si-
beria and the Far East, of Anthemideae endemic 
to eastern Asia (ZHao et al. 2009 in press).
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