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ABSTRACT 
Zinnia is a tropical ornamental plant, and its cultivar classification is complicated. The typical characters such as height, flower size and 
leaf shape are of a quantitative nature, and under strong environmental control. In some cases, unequivocal determination of cultivars may 
be difficult using morphological features only. So in this study, cytological, cytogenetical and molecular biological characteristics of 
Zinnia have been analyzed. The DNA content of Zinnia angustifolia (cv. ‘Starbright’), Zinnia elegans (cv. ‘Short Stuff’, ‘Dreamland’, 
‘Jupiter’, ‘Border Beauty’, ‘Jungle’, ‘Piccolo’, ‘Sinnita’), Zinnia haageana (cv. ‘Chippendale Daisy’, ‘Persian Carpet’) and the F1 hybrid 
cv. ‘Profusion’ (Z. elegans x Z. angustifolia) has been analyzed by flow cytometry, and compared to morphological features (guard cell 
size, number of chloroplasts per guard cell, number of chromosomes). The three analyzed species Z. angustifolia, Z. haageana and Z. 
elegans could be clearly distinguished by their DNA content. The nuclear DNA content ranged from 1 pg (2C) in Z. angustifolia cv. 
‘Starbright’ up to 5 pg in the tetraploid Z. elegans cv. ‘Jungle’. Genetic diversity among and between Zinnia varieties was accessed by 
RAPD, confirming a higher genetic identity in Z. elegans cv. ‘Dreamland’ when compared to Z. haageana cv. ‘Persian Carpet’. 
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INTRODUCTION 
 
Zinnia is a beautiful ornamental plant. Novel flower colors 
of this plant are of great commercial and aesthetic value. 
Many new cultivars are created either by hybridization (cv. 
‘Profusion’, Z. elegans x Z. angustifolia) or by X-ray muta-
genesis (Venkatachalam 1991). Zinnias are used as ethno-
botanical plant in some regions of North America, e.g. Z. 
angustifolia as a poison, and Z. elegans as an anodynic and 
menstrual medicinal herb. Interestingly, zinnia is a good 
model system to study the in vitro interactions of different 
cell types and the consequences for commitment to a par-
ticular cell fate such as tracheary elements (TE) (Pesquet et 
al. 2006). 

The identification of cultivars or breeding lines is very 
important in all horticultural and agricultural species in 
order to protect the rights of plant breeders (Wolff et al. 
1995). In Zinnia cultivars are usually identified by flower-
ing trials as well as by morphological characteristics (e.g. 
flower shape and size, leaf and growth morphology). How-
ever, those characteristics may be affected by environ-
mental factors. To overcome these problems, in the present 
study we analyzed Zinnia species and cultivars on the geno-
typic level (DNA content, DNA sequence). 

 
MATERIALS AND METHODS 
 
Plant materials 
 
Seeds of all plants analyzed in the present study were provided by 
the AFM Flower Seed Co., Ltd. (Chiang Mai). The following 11 
cultivars were studied: Z. angustifolia cv. ‘Starbright’; Z. haage-
ana cvs. ‘Persian Carpet’, ‘Chippendale Daisy’; Z. elegans cvs. 
‘Short Stuff’, ‘Dreamland', ‘Jupiter’, ‘Border Beauty’, ‘Jungle’, 
‘Giant’, ‘Sinnita’; and a hybrid (Z. elegans x Z. angustifolia) cv. 
‘Profusion’. Raphanus sativus cv. Saxa seeds used as internal 
standard for flow cytometry were kindly provided by Dr. Jaroslav 
Dolezel, Laboratory of Molecular Cytogenetics and Cytometry, 
Institute of Experimental Botany, Olomouc, Czech Republic and 

were grown in the greenhouse under natural conditions. 
 
Flow cytometry 
 
Nuclei were isolated from fresh, young leaves (of Zinnia species 
or cultivars, and of Raphanus sativus at comparable developmen-
tal stages) by chopping with a sharp razor blade, and stained for 
flow cytometry with either propidium iodide (PI, CyStain® PI Ab-
solute P, PARTEC GmbH, Münster, Germany) or 4, 6-diamidino-
2-phenylindole (DAPI, CyStain® UV Precise P, PARTEC GmbH, 
Münster, Germany). In every sample a minimum of 10,000 nuclei 
was analyzed with a Partec PAS flow cytometer (Partec GmbH, 
Münster, Germany). The coefficient of variation (CV) was esti-
mated with the WinMDI software (Version 2.0.4); only samples 
with a CV <5% were accepted. 

PI staining: Young leaves (about 1 cm2) were chopped in 400 μl 
nuclei extraction buffer at room temperature. The nuclei suspension 
was filtered through a 42-μm nylon filter, and 1.6 ml of staining 
buffer (containing 100 μg PI) and 3 μl RNase were added. 

DAPI staining: Nuclei were extracted and stained using the 
high resolution DNA Precise P kit (PARTEC). Young leaves 
(about 1 cm2) were chopped in solution A of the kit. 0.5 ml of 1% 
PVP was added. The nuclei suspension was filtered through a 42-
μm nylon filter, and 1.5 ml of solution B was added. 

Two samples of 5 plants per cultivar were analyzed. The fol-
lowing species/cultivars were used as internal standard: Raphanus 
sativus cv. ‘Saxa’ for DNA content estimation (PI staining), and 
comparative analyses of Z. angustifolia, Z. elegans cv. ‘Dream-
land’ and the hybrid ‘Profusion’ (DAPI staining); the Z. angusti-
folia cv. ‘Starbright’ and for comparative analyses of the DNA 
content in cultivars of Z. elegans (DAPI staining). Further on, 
intraspecific variation in cultivars of Z. elegans was studied by 
mixing samples in the following order ‘Border’/‘Dreamland’, 
‘Dreamland’/‘Giant’, ‘Giant’/‘Sinnita’, ‘Sinnita’/‘Jupiter’, ‘Jupi-
ter’/‘Short stuff’. 
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Size of guard cells and number of chloroplasts 
 
Small parts of the lower epidermis of young leaves were manually 
removed, placed in a drop of water on a microscopic slide 
following the method as described by Dorè (1986), and measured 
under a light microscope (DM 5000 B, LEICA, Wetzlar, Germany). 
The number of chloroplasts per guard cell was counted under a 
fluorescence microscope (DM 5000 B, LEICA, Wetzlar, Germany). 
Four leaves per two plants per cultivar were analyzed. 
 
Chromosome counting 
 
For chromosome counting root tips from greenhouse plants were 
used. The root tips were pre-treated for 4 hours in saturated PDB 
(para-dichlorobenzene), and then fixed 24 hours in 1:3 glacial ace-
tic acids: 95% ethanol. After a passage through 75% ethanol the 
root tips were hydrolyzed in 1 N HCl for 15 min at 60°C, and 
stained with Feulgen solution for 4 hours, squashed in aceto-car-
mine, and analyzed under a light microscope. Five cells per culti-
var were analyzed. 
 
DNA extraction 
 
Total DNA from leaves of young Zinnia seedlings was isolated 
following a modified method used for Asparagus officinalis (Eim-
ert et al. 2003). Two volumes of DNA extraction buffer containing 
50 mM Tris-HCl (pH 8.0), 312.5 mM NaCl, 20 mM EDTA (pH 8), 
1% sarkosine and 7 M urea were added to 100-500 mg leave tis-
sues, and ground gently at room temperature in a mortar with a 
pestle. The homogenate was centrifuged for 10 min at 12,500 rpm 
at room temperature in order to remove tissue fragments. The 
supernatant was extracted twice with phenol: chloroform: isoamyl 
alcohol (v/v 25:24:1). Half volume of 5 M NaCl was added to the 
supernatant and mixed. Two volumes of 95% ethanol were added 
and mixed gently. The homogenate was centrifuged for 10 min at 
12,500 rpm at 4°C. DNA was washed with 70% ethanol and air-
dried. Finally, the DNA was dissolved in 50 μl of TE. The DNA 
isolated from each cultivar was run in a 1.3% agarose gel to check 
the quality and was also scanned in a spectrophotometer and ab-
sorbances (A) were noted at 260 and 280. 
 
RAPD analysis 
 
DNA amplification for the RAPD analysis was performed in a 
MJR PTC 100 thermo cycler (MJR, Martinsried, Germany) in vol-
umes of 25 μl consisting of 1x reaction buffer, 1.5 mM MgCl2, 
200 μM dNTPs, 2 units of Taq DNA polymerase, 0.2 μM primer, 
2.5 μg BSA and 25 ng of genomic DNA. All the reagents men-
tioned were provided by MBI Fermentas (St. Leon-Rot, Germany). 
Following an initial denaturation step at 95°C for 5 min, the am-
plification program was set to 35 cycles of denaturation at 95°C 
for 1 min, annealing at 35°C for 15 sec, 40°C for 15 sec. and ex-
tension at 72°C for 2 min with a final extension at 72°C for 5 min. 
Amplified fragments were resolved in 1.3% agarose gels followed 
by staining with ethidium bromide (0.5 μg/ml) and gels were 
viewed and photographed under UV trans illumination (2UV 
Transilluminator, UVP, Cambridge, UK). All primers used were 
10-mer random primers (University of British Columbia, Canada) 
and the DNA samples were amplified with 5 random primers. 
Only primers producing reproducible bands were considered for 
analysis. 

Distance matrix analysis of the RAPD data was performed 
using Bionumerics v. 3.0 (Applied Maths, Belgium). The distance 
matrix based on RAPD data sets was graphically represented as a 
dendrogram using the UPGMA method. The genetic identity and 
genetic distance were calculated with POPGen v. 1.32 (Yeh and 
Boyle 1997). 
 
Statistical analysis 
 
Statistical analyses were conducted using SPSS© v. 10 (P<0.05). 
 
 
 
 

RESULTS 
 
The DNA content (2C) of the species and cultivars of the 
genus Zinnia varies between 1.00 to 4.94 pg (Table 1). The 
flow cytometric analyses could clearly show that there is a 
significant difference between the DNA content of Z. an-
gustifolia, Z. haageana and Z. elegans. No significant dif-
ference could be found between the cultivars of Z. elegans 
(Fig. 1) with only one exception; cv. ‘Jungle’ has about two 
times the amount of DNA of the other analyzed Z. elegans 
cultivars. By analyzing mixed samples of two different cul-
tivars in Z. elegans we could show that the DNA contents in 
this group are identical; the histograms always consist of 
one peak only (Fig. 2A shows the mixed sample of the cul-
tivars ‘Dreamland’/‘Giant’ only; the other combinations are 
identical, and therefore, they are not shown). The DNA 
content of the interspecific hybrid ‘Profusion’ represents ap-
proximately the sum of the DNA contents of both its par-
ents (Z. angustifolia and Z. elegans, Fig. 2B). 

The species and cultivars analyzed by flow cytometry 
have also been studied with regards to the size of their 
guard cells of the lower leaf epidermis, and the number of 
chloroplasts per guard cell as well (Fig. 3; Table 2). Chro-
mosomes were counted in the three Zinnias as well as in the 
putative tetraploid Z. elegans cv. ‘Jungle’ (Table 3). 

Five primers, comprising UBC 65, 87, 88, 89 and 95, 
were selected for RAPD analysis. The rational behind the 
choice is explained in the discussion. A typical RAPD pro-
file is shown (Fig. 4). The percentage of polymorphic loci 
of Z. elegans cv. ‘Dreamland’ is 41.84 and of Z. haageana 
cv. ‘Persian Carpet’ is 65.31. Thus, diversity within the pop-
ulation of Z. haageana cv. ‘Persian Carpet’ was higher than 
within the population of Z. elegans cv. ‘Dreamland’ (Fig. 5). 
 
DISCUSSION 
 
Zinnia has been used as a model system for analyzing 
tracheary element differentiation as well as for analyzing 
programmed cell death as a part of xylem differentiation 
(Pesquet et al. 2006). However, data about the DNA content 
in this genus have not been published so far. Compared to 
other species of the family Compositae (e.g. Leontodon 
longorostis = 0.8 pg; Leucanthemum subglaucum = 49.66 
pg; PlantDNA C-values Database, Royal Botanical Gardens, 
Kew), Z. angustifolia (2C: 1 pg), Z. haagena (2C: 1.7 pg) 
and Z. elegans (2C: 2.6 pg) have a rather low DNA content. 
There are significant differences in the DNA content 
between the three analyzed Zinnia species. Therefore, the 
flow cytometric estimation of the DNA content can be used 
as a tool to distinguish between the species at early deve-
lopmental stages, when other, morphological markers are 
not yet available (e.g. seedlings). However, the discrimi-
nation of cultivars of Z. elegans by flow cytometry proved 
unfeasible. When mixed samples of two different cultivars 
of Z. elegans were analyzed, only a single peak could be 
detected. This clearly demonstrates that the DNA contents 
of these (diploid) cultivars are identical. The only exception 

Table 1 DNA contents of species and cultivars in the genus Zinnia. 
Species Cultivar 2C nuclear DNA 

content (pg) 
Mean ±�S.D. 

Z. angustifolia Starbright 1.00 ± 0.03 a* 

Z. haageana Persian Carpet 1.73 ± 0.05 b 

 Chippendale Daisy 1.64 ± 0.07 b 

Z. elegans Short Stuff 2.51 ± 0.07 c 

 Dreamland 2.49 ± 0.08 c 

 Jupiter 2.52 ± 0.08 c 

 Border Beauty 2.49 ± 0.06 c 

 Giant 2.52 ± 0.09 c 

 Sinnita 2.53 ± 0.08 c 

 Jungle 4.94 ± 0.06 e 

Z. elegans x Z. angustifolia Profusion 3.54 ± 0.07 d 

* Estimated by using Raphanus sativus cv. ‘Saxa’ as internal standard. 
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Fig. 1 FCM histograms of Zinnia elegans cultivars clearly demonstra-
ting that all of those cultivars have the same DNA content. 

Fig. 2 FCM histogram showing combination peaks of (A) ‘Dreamland’/ 
‘Giant’, (B) ‘Dreamland’/‘Profusion’. Internal standard = S. 

Fig. 3 Fluorescence microphotographs of guard cells in Z. angustifolia 
(A), Z. haageana cv. ‘Persian Carpet’ (B), Z. elegans cv. ‘Dreamland’ (C), 
Z. elegans cv. ‘Jungle’ (D) and the interspecific hybrid cv. ‘Profusion’ (E).

‘Dreamland’ 

‘Giant’ 

‘Border Beauty’ 

‘Jupiter’ 

‘Sinnita’ 

‘Short Stuff’ 
10 μm 
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is ‘Jungle’ that could be characterized as a tetraploid culti-
var by flow cytometry and by counting its chromosomes 
(see below). 

By analyzing the DNA content of the interspecific 
hybrid ‘Profusion’ (Z. angustifolia x Z. elegans) and of its 
parents we could show that ‘Profusion’ is an allodiploid 
hybrid (Narayan 1998). By analyzing the morphology of 
guard cells of the three Zinnia species, we could demons-
trate that there is a positive and significant correlation 
between the DNA content and the average guard cell size. 
The same positive correlation has been observed between 
the DNA content and the number of chloroplasts per guard 
cell. Those findings are in accordance with the reports about 
other species in angiosperms (e.g. Capsicum annuum, hap-
loids: 9.3 choroplasts per cell, diploids: 18.4 chloroplasts 
per cell – Qin and Rotino 1995; on average the duplication 
of the nuclear DNA amount entails an increase of the plas-
tid number by about 70%, for review see Butterfass 1973). 
Consequently, these morphometrical characteristics can be 
used to discriminate species in the genus Zinnia if flow 
cytometry is not available. However, flow cytometry is the 
preferable method because it is able to detect chimeras in 
contrast to the morphometrical methods which are restricted 
to the epidermal cell layer. 

The chromosome numbers of Z. angustifolia (2n = 22, 
Keil et al. 1988; Razaq et al. 1988) Z. haageana (2n = 24, 
Lane and Li 1993; Jose and Mathew 1995) and Z. elegans 
(2n = 24, Husaini and Iwo 1990; Nirmala and Rao 1990; 
Zhao et al. 1990; Razaq et al. 1994; Huang and Zhao 1995) 
have been previously investigated. Our own observations 
support those previous reports. However, the Z. elegans cv. 
‘Jungle’ has a chromosome number of 48, and thus it is a 
tetraploid cultivar. We could show that the DNA content of 
Z. haageana and Z. elegans is significantly different while 
the number of chromosomes is identical. It might be caused 
by the evolutionary accumulation of repetitive DNA sequen-
ces and/or retrotransposons. Those sequences are generally 
considered to have an inherent tendency towards amplifica-
tion, and thereby, increasing the DNA content and the size 
of chromosomes, respectively (Kubis et al. 1998). 

Intraspecific variation in the Z. elegans cultivars could 
not be detected by flow cytometry, by counting the number 
of chloroplasts in guard cells, or by analyzing the size of 
guard cells. Therefore, we tried to establish whether RAPD 
fingerprinting is a suitable method to investigate intraspe-
cific variation. Initially, a total of ten arbitrary decamer pri-
mers giving good and reliable amplification in other plant 
species (Vitis, Prunus, Asparagus; unpublished results) 
were tested for good amplification, clear and distinct bands 
and a sufficient number of amplicons with Zinnia DNA. All 

these primers are of dinucleotid (microsatellite-like) com-
position with a higher (60%) GC content allowing for better 
reproducibility due to higher annealing temperatures. Out of 
these primers five satisfying the above mentioned prerequi-
sites best (UBC 065, 087, 088, 089, 095; sequences avail-
able at www.michaelsmith.ubc.ca/services/NAPS/Primer_ 
Sets/) were chosen for further use in the RAPD analysis. 

Because of the initial character of the RAPD analysis 
we decided to restrict our samples to two cultivars of two 
species. We chose the accessions Z. haageana cv. ‘Persian 
Carpet’ and Z. elegans cv. ‘Dreamland’, expecting that their 
assumingly higher genetic distance should give us a clear 
picture of the potential value of the RAPD method. The 
RAPD data should reflect that distance in accordance with 
the morphological characteristics. 

Intracultivar variation was investigated among twenty 
samples of Z. haageana cv. ‘Persian Carpet’ and Z. elegans 
cv. ‘Dreamland’, each. The Zinnia cultivars studied here 
showed moderate levels of intercultivar genetic variability, 
as shown by a genetic identity of 0.76, but considerable 
intracultivar variability. Interestingly, the intracultivar gene-
tic identity is considerably lower for Z. haageana cv. ‘Per-
sian Carpet’ (47.99%) than in Z. elegans cv. ‘Dreamland’ 
(81.49%). This reflects the situation of the morphological 
characters (e.g. in flower color and color ratios), where Z. 
haageana cv. ‘Persian Carpet’ also shows a higher variation 
than Z. elegans cv. ‘Dreamland’. Generally, extensive mor-
phological diversity is found among cultivars of Z. elegans 
(Boyle and Stimart 1982). That is not surprising since Z. 
elegans is self-incompatible (Pollard 1939), although, the 
intensity of the self-incompatibility has later been reported 
to vary among clones and lines (Boyle and Stimart 1986). 
That too, is in accordance with the observation that the deg-
ree of morphological diversity varies between the cultivars. 
The actual level of genetic diversity probably depends, 
among other factors, on the intensity of self-incompatibility 
in the cultivar in question. Thus, although a male sterile line 

Table 2 Differences in the number of chloroplasts, and in the size of guard cells in zinnias (mean ± SD). 
Species Cultivar    Length 

   (μm) 
Chloroplast/guard cell 

Z. angustifolia Starbright    28.7 ± 2.6 a  �4.6 ± 0.7 a 
Z. haageana Chippendale Daisy    27.5 ± 2.2 a  �4.8 ± 0.7 a 
 Persian Carpet    27.8 ± 2.1 a   5.6 ± 0.7 b 
Z. elegans Short Stuff    36.2 ± 3.4 cde   7.3 ± 1.0 ef 
 Dreamland    36.6 ± 3.0 de   7.5 ± 1.1 fgh 
 Jupiter    35.4 ± 2.8 cde   7.8 ± 1.0 gh 
 Border Beauty    35.0 ± 3.8 bcd   7.9 ± 1.0 h 
 Giant    34.6 ± 3.2 bcd   7.2 ± 0.9 def 
 Sinnita    34.2 ± 3.0 bc   6.8 ± 0.7 cde 
 Jungle    44.6 ± 3.5 f  11.9 ± 1.3 j 
Z. elegans x Z. angustifolia Profusion    43.1 ± 3.9 f   8.7 ± 0.9 i 

 
Table 3 Chromosome numbers of Zinnia spp. 
Species Cultivar Chromosome   

number (2n) 
Z. angustifolia 
Z. haageana 
Z. elegans 

Starbright 
Persian Carpet 
Dreamland 
Jungle 

22 
24 
24 
48 

 

Fig. 4 RAPD profiles of 20 individual zinnia plants belonging to Z. 
haageana cv. ‘Persian Carpet’ (lanes 1-10) and Z .elegans cv. ‘Dreamland’ 
(lanes 11-20) with primer UBC 087; M: molecular-weight markers. Arrow 
heads indicate the position of possible discriminating bands. 
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has been introduced for the creation of new uniform varie-
ties (Cowen and Ewart 1990), a relatively high heterozygo-
sity is expected in Z. elegans, especially within commercial 
(open-pollinated) cultivars. Little information is available 
on Z. haageana breeding and propagation. Given that all 
members of the Zinnia genus seem to exhibit at least a 

certain amount of self-incompatibility, it is reasonable to 
assume an accordingly high level of heterozygosity in Z. 
haageana, too. Especially, since all commercial Z. haage-
ana cultivars are open-pollinated (National Plant Germ-
plasm System, USDA, ARS, 1995). 

Nonetheless, we found several molecular markers coup-

Fig. 5 Pedigree analysis in two populations of Z. elegans cv. ‘Dreamland’ and of Z. haageana cv. ‘Persian Carpet’. 
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led to the genetic background of the tested varieties (Fig. 4) 
with the use of just 5 randomly picked primers. This sug-
gests a potential to find such bands for varieties even closer 
related to each other. The possibility to define distingui-
shing bands in closely related varieties of other plants has 
been reported previously (Tessier et al. 1999; Wolf et al. 
1999; Ipek et al. 2003). Thus, a more thorough analysis of 
this approach is intended and will likely allow for accurate 
assessment of Zinnia accessions using RAPD markers. 

In general, our results demonstrate that flow cytometry 
accurately distinguishes the ploidy levels of diploid, allo-
polyploid and tetraploid plants in the genus Zinnia. The 
combination of RAPD analyses and flow cytometry tech-
niques can provide an efficient screening tool of cultivars, 
assessing the genetic origin of aberrant plants, and quanti-
fying the contribution of parental genomes. 
 
ACKNOWLEDGEMENTS 
 
We are grateful for financial support of the Thailand Research 
Fund through the Royal Golden Jubilee Ph. D. Program (RGJ) 
Grant No. PHD 4BPS41B1, Thailand for this project. This work 
was also supported in parts by Ministry of University Affairs, and 
the Graduate School, Prince of Songkla University. The Institute 
of Experimental Botany, Olomouc, Czech Republic kindly provi-
ded seeds of Raphanus sativus cv. ‘Saxa’ used as an internal stan-
dard for flow cytometry. 
 
REFERENCES 
 
Boyle TH, Stimart DP (1982) Interspecific hybrids of Zinnia elegans Jacq. and 

Z. angustifolia HBK: Embryology, morphology and powdery mildew resis-
tance. Euphytica 3, 857-867 

Boyle TH, Stimart DP (1986) Self-incompatibility and interspecific incompati-
bility: relationships in intra- and interspecific crosses of Zinnia elegans Jacq. 
and Z. angustifolia HBK (Compositae). Theoretical and Applied Genetics 73, 
305-315 

Butterfass, T (1973) Control of plastid division by means of nuclear DNA 
amount. Protoplasma 76, 167-195 

Cowen RKD, Ewart LC (1990) Inheritence of male sterile apetalous inflo-
rescence in Zinnia elegans. Acta Horticulturae 272, 37-40 

Dorè C (1986) Evaluation du niveau de ploidie des plantes d’une population de 
choux de Bruxelles (Brassica oleracea L. ssp. gemmifera) d’origine pollini-
que. Agronomie 6, 797-801 

Eimert K, Reutter G, Strolka B (2003) Fast and reliable detection of double-
haploids in Asparagus officinalis by stringent RAPD-PCR. Journal of Agri-
cultural Science 141, 73-78 

Huang SF, Zhao ZF (1995) Studies on chromosomes of three garden plants. 
Guihaia 15, 43-46 

Husaini SWH, Iwo GA (1990) Cytology of some weedy species of the family 
Compositae (Asteraceae) from Jos Plateau, Nigeria. Feddes Repetitorium 101, 

49-62 
Ipek M, Ipek A, Simon, P (2003) Comparison of AFLPs, RAPD markers, and 

isozymes or diversity assessment of garlic and detection of putative dupli-
cates in germplasm collections. Journal of the American Society of Horticul-
tural Science 128, 246-252 

Jose JC, Mathew PM (1995) Chromosome numbers in the south Indian Heli-
antheae (Compositae). Compositae Newsletter 27, 7-10 

Keil DJ, Luckow MA, Pinkava DJ (1988) Chromosome studies in Asteraceae 
from the United States, Mexico, the West Indies, and South America. Ame-
rican Journal of Botany 75, 652-668 

Kubis S, Schmidt T, Heslop-Harrison JS (1998) Repetitive DNA elements as 
major component of plant genomes. Annals of Botany 82, 45-55 

Lane MA, Li J (1993) Documented chromosome numbers 1993: 1. Chromo-
some number reports in Compositae with emphasis on tribe Astereae of the 
southwestern United States and Mexico. Sida 15, 539-546 

Narayan RKJ (1998) The role of genomic constraints upon evolutionary chan-
ges in genome size and chromosome organization. Annals of Botany 82 (Sup-
pl. A), 57-66 

National Plant Germplasm System, USDA, ARS, (1995) Report of the Her-
baceous Ornamental Crop Germplasm Committee. Available online: http:// 
www.ars-grin.gov/npgs/cgc_reports/herbscgc1995.htm 

Nirmala A, Rao PN (1990) Somatic chromosome morphology of some Aste-
raceae. Journal of the Indian Botanical Society 68, 395-396 

Pesquet E, Jauneau A, Goffner D (2006) Zinnia elegans is an excellent model 
for xylogenesis: in vitro and in planta. In: Teixeira da Silva JA (Ed) Flo-
riculture, Ornamental and Plant Biotechnolgy: Advances and Topical Issues 
(1st Edn, Vol I), Global Science Books, Isleworth, pp 171-178 

PlantDNA C-values Database, Royal Botanical Gardens, Kew. Available 
online: http://www.rbgkew.org.uk/cval/homepage.html 

Pollard LH (1939) The inheritance of some flower and plant characters in Zin-
nia. PhD Dissertation, University of California 

Qin IX, Rotino GL (1995) Chloroplast number in guard cells as ploidy indi-
cator of in vitro-grown androgenic pepper plantlets. Plant Cell, Tissue and 
Organ Culture 41, 145-149 

Razaq ZA, Khatoon S, Ali SI (1988) A contribution to the chromosome num-
bers of Compositae from Pakistan. Pakistan Journal of Botany 20, 177-89 

Razaq ZA, Vahidy AA, Ali SI (1994) Chromosome numbers in Compositae 
from Pakistan. Annals of the Missouri Botanical Garden 81, 800-808 

Tessier C, Daid J, This P, Boursiquot JM, Charrier A (1999) Optimization of 
the choice of molecular markers for varietal identification in Vitis vinifera L. 
Theoretical and Applied Genetics 98, 171-177 

Venkatachalam P (1991) Induction of mutants in Z. elegans Jacq. Mutation 
Breeding News 38, 10 

Wolf T, Eimert K, Ries R (1999) Reliable identification of grapevine rootstock 
varieties using RAPD PCR on woody samples. Australian Journal of Grape 
and Wine Research 5, 34-38 

Wolff K, Zietiewicz E, Hofstra H (1995) Identification of chrysanthemum cul-
tivars and stability of DNA fingerprint pattern. Theoretical and Applied Ge-
netic 91, 439-447 

Yeh FC, Boyle TJB (1997) Population genetic analysis of co-dominant and 
dominant markers and quantitative traits. Belgian Journal of Botany 129, 157 

Zhao ZF, Wang YQ, Huang SF (1990) Plant chromosome counts (V). Forest 
Research (China) 3, 503-508 

 
 

130


