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Summary. Cytophotometric measurement of  the root 
meristems of  seedlings after Feulgen-staining reveals 
that large differences (up to 58.16%) in nuclear DNA 
content may occur in the thirty-one cultivated varieties 
or fines of  H e l i a n t h u s  a n n u u s  tested. Significant varia- 
tions (not exceeding 25%) in the amount  of  DNA, 
which does not differ between the root and the shoot 
meristems of  a single seedling, are also found to exist 
within cultivars or lines; even seedlings obtained from 
seeds collected from different portions o f  single heads 
of  plants belonging to a selfed line may vary one from 
the other in this respect. Variations in the number  of  
chromosomes or alterations in the chromosome struc- 
ture do not account for the differences observed in 
nuclear DNA content. Karyometric analyses demon- 
strate that the surface area of  squashed interphase 
nuclei and metaphase chromosomes and the total 
length of  the latter increase with the increase in 
Feu lgen /DNA absorption. DNA thermal denaturation 
and reassociation kinetics indicate that a frequency 
variation in repeated DNA sequences goes hand in 
hand with changes in the size of  the genome. These 
results, supporting the concept that a plant genome is 
highly flexible, are discussed in relation to other data to 
be found in the literature on the intraspecific variation 
in the nuclear DNA content and in relation to the way 
in which it is produced in H .  a n n u u s .  

Key words: H e l i a n t h u s  a n n u u s  - Intraspecific DNA 
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Introduction 
Extraordinary plasticity, at both the morphological and 
physiological levels, is a common feature of  plants and 
is due to their inability to escape a changing environ- 

ment as well as to the mode of  their reproduction and 
development. The suggestion that genome flexibility 
might be an aspect o f  this changing ability has raised 
objections in the past, on the basis o f  the widely 
accepted concept o f  the absolute primacy of  DNA over 
all biological phenomena,  thus postulating its constancy 
(Lima-De-Faria 1983). 

Today, there is a growing consensus of opinion that 
proliferation or deletion of nuclear DNA sequences does not 
occur only in the case of divergence and evolution of species 
(Price 1976; Hutchinson et al. 1980). Both developmental and 
physiological stimuli and the response to stressing environ- 
mental conditions may also give rise to rapid genomic changes 
resulting in variations in the nuclear DNA content (Walbot 
and Cullis 1985). These variations may originate in different 
ways: polyploidy commonly occurs in plant populations and 
chromosome endoreduplication is a well-known factor in 
tissue differentiation in pteridophytes and the vast majority of 
angiosperms. Changes in the amount of certain genome 
fractions alone may originate from the occurrence or the 
variation in number of supernumerary chromosomes, aneu- 
ploidy, deletion or duplication of chromosome segments pro- 
duced by unequal crossing-over or by other chromosomal 
aberrations; they may also originate from such processes as 
extra DNA synthesis (DNA amplification), non-replication of 
certain sequences during a DNA synthetic phase (DNA 
underreplication) or elimination of certain DNA sequences 
(DNA loss). Genomic variations may become stabilized and/ 
or be inherited with relative ease in plants, due to de  novo  

organ formation throughout life, absence of a discrete germ 
fine, and the ability to regenerate in vitro. 

In this paper, we present evidence indicating that, in 
the sunflower, variations in genome size and organiza- 
tion continuously occur during reproduction and di- 
versify cultivated varieties or lines. 

Materials and methods 

P l a n t  m a t e r i a l  

Seeds (achenes) of different cultivated varieties and selfed 
lines of H e l i a n t h u s  a n n u u s  were germinated in damp ver- 



micufite under sterile conditions at 20~ and the seedlings 
were used as experimental material. 

DNA cytophotometry 

For DNA cytophotometry, root or shoot apices, fixed in 
ethanol-acetic acid 3 : 1 (v/v), were squashed in a drop of 45% 
acetic acid after treatment with a 5% solution of pectinase 
(Sigma) for 1 h at 37 ~ The cover-slips were removed by the 
dry-ice method and the preparations were Feulgen-stained 
after hydrolysis in N HC1 at 60~ for 8 min. After staining, 
the slides were subjected to three 10-rain washes in SO2 water 
prior to dehydration and mounting in DPX (BDH). Since 
simultaneous processing was not possible due to the large 
number of preparations to be analyzed, squashes made with 
the root tips of a single plantlet of Viciafaba (4C=53.31 pg: 
Bennett and Smith 1976) were concurrently stained for each 
group of slides and used as standards in order to make all 
results comparable and to convert relative Feulgen units into 
picograms of DNA. Feulgen/DNA absorptions in individual 
cell nuclei were measured at the wavelength of 550 nm using a 
Barr and Stroud GN5-type integrating microdensitometer. 

Karyology 

Roots were treated with a 0.05% colchicine (Sigma) solution 
for 4 h at room temperature and preparations of apices were 
made as described above. The surface area of the 2C (G1) and 
4C (G~) interphase nuclei and of the chromosomes in euploid 
C-metaphases was measured using a Leitz MPV3 microscope 
photometer equipped with a mirror scanner and a HP 85 
computer. Metaphase chromosome length was measured in 
microphotographs. 

DNA extraction 

DNA was extracted from lyophilized tissues according to the 
method developed by Bendich etal. (1980), modified by 
Durante etal. (1985). Roots were ground in a mortar and 
lysed with a solution containing 0.05 M Tris-HCl pH 8.0, 1 mM 
EDTA, 0.15 M NaC1 and 1% sodium dodecylsarcosinate. The 
lysate was heated at 60~ for 10min, then preincubated 
pronase (Sigma) was added to a final concentration of 250 
~tg/ml. After incubation at 37~ for 3 h, the mixture was 
centrifuged at 20,000• for 15 min. Solid CsC1 and ethidium 
bromide from a stock solution (10 mg/ml) were added to the 
supernatant up to a final concentration of 0.8 g/ml and 300 
~tg/ml, respectively. The solution was centrifuged at 44,000 
rpm in a Beckman L5-65 ultracentrifuge using the 50 Ti rotor 
and the DNA band, visualized under long-wave UV illumina- 
tion, was collected and recentrifuged. Ethidium bromide was 
then removed by gentle inversion of the solution with n- 
butanol. 

Thermal denaturation 

Thermal denaturation was performed in 0.1• using a 
Perkin-Elmer 576 ST spectrophotometer equipped with a tem- 
perature programme controller, and the increase in hyper- 
chromicity at 260 nm was continuously followed by a X-Y 
recorder. 

Reassociation kinetics 

DNA was sheared by sonication in a MSE sonicator at 
medium energy output for 5•  s with 10-s intervals at 4~ 
Sedimentation in neutral sucrose gradients according to Cle- 
well and Helinski (1969) revealed that the fragments of 
different DNA samples were constantly of a relatively homo- 
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geneous length of about 400 base pairs. Sheared DNA, dis- 
solved in 0.12 phosphate buffer at a concentration of 50 
gg/ml, was denatured for 10min at 103~ and allowed to 
renature according to Britten et al. (1974). The reassociation 
process was monitored in a closed thermostatically-controlled 
cuvette using the same equipment employed for the analysis 
of the thermal denaturation kinetics. E. coli DNA (Sigma) was 
used as a standard after shearing in the same conditions as 
above: its Cot ~/2 value was found to be 3.95 moles• 1-1• 
in our renaturation system. Repetitive DNA frequencies were 
calculated by means of Scatchard-type analysis (Marsh and 
MacCarthy 1974). 

Results 

Cytological determinations 

The mean Feulgen-absorpt ions  of  early prophases  
( - - 4 C )  in the root meris tems o f  seedlings and the 
calculated D N A  content per  hap lo id  nucleus in each of  
thirty-one cult ivated varieties or  lines o f  sunflower we 
studied are reported in Table I. Amounts  o f  D N A  
differ widely from one cult ivar or  line to another:  for 
example,  taking the most  var iant  values, a 58.16% 
variat ion exists between the A selfed line (5.33 pg of  
D N A  per haploid  nucleus) and the 'Romsun  HS 52' 
(3.37 pg) cultivar. It is worth noting that  the nuclear  
DNA content of  the 'Stromboli '  hybrid (4.03 pg) is half  
way between those o f  the two parentals :  HA89 (4.60 pg) 
and Restorer  RHA271 (3.41 pg) lines. In Table 1, seed 
provenance and certain distinctive features of  each 
cult ivar or  line are also listed: no relat ionship seems to 
exist between the genome size and the repor ted  charac- 
teristics. 

The results shown in Table 2 demonst ra te  that the 
variat ions in the amount  of  nuclear  D N A  are not  
confined only to roots. Indeed,  no significant difference 
exists between early prophase Feulgen-absorptions in 
the root and  the shoot meris tems of  a single seedling. 
On the other  hand,  it may  be seen from Table 2 that  
significant differences in the D N A  content  exist be-  
tween seedlings within a selfed line; these variations,  
never exceeding 25%, occur as a rule within every 
cultivar or line analyzed.  

Table 3 contains the results o f  cytophotometr ic  de- 
terminat ions carried out  on the root  meris tems of  
seedlings obta ined from seeds (achenes) collected head  
by head in five plants  of  the E selfed line: the data  
given indicates that genome size may  differ within the 
progeny of  a single homozygous  plant.  Table 3 also 
shows that: i) a relat ionship exists between the amount  
o f  D N A  and the posit ion in the inflorescence in which 
the seed has developed,  since, in all heads, the nuclear  
D N A  content o f  the seedlings obta ined  from seeds 
developed at the per iphery  of  the head is significantly 
greater  than that o f  the seedlings obta ined  from seeds 
developed in the remaining par t  of  the head;  ii) there 
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Table 1. Characteristics, Feulgen-absorption of early prophases (=  4 C) and calculated DNA content per haploid nucleus of thirty- 
one cultivars, hybrids or lines of Helianthus  annuus. Each Feulgen-absorption value is the mean of one hundred determinations 
carried out in root meristems: twenty prophases for each of  five seedlings 

Name Cultivar, Seed Distinctive features Feulgen Mean DNA 
hybrid or provenances absorption content per 
line (a.u.; mean haploid 

+ SE) nucleus (pg) 

'Ala' cultivar Italy - 30.4 + 0.67 4.26 
'Argentario' cultivar Italy - 34.4_ 0.47 4.83 
'Cernianka' cultivar Italy short plants 31.1 + 0.61 4.36 
'Gianni'  cultivar Italy - 31.7 + 0.60 4.45 
'IH 155' cultivar Hungary - 26.2+ 1.52 3.68 
'RO 150' cultivar Rumania - 35.0+0.45 4.91 
'RO 155' cultivar Rumania - 27.9 4- 0.39 3.91 
'Romsun HS 52' cultivar Rumania - 24.0 4- 0.46 3.37 
'Romsun HS 53' cultivar Rumania - 28.94- 0.47 4.05 
'Romsun HS 301' cultivar Rumania - 24.4_ 0.37 3.42 
'Sannace' cultivar Italy - 30.8 _ 0.61 4.32 
'Stromboli' hybrid France tall plants 28.7 + 0.51 4.03 

(Restorer RHA271 • HA89) 
HA 89 inbred line Italy male-sterile 32.8 + 0.49 4.60 

(HA89 • Maintainer A) 
Restorer RHA 271 selfed line Italy restorer 24.3_+ 0.65 3.41 
Maintainer A selfed line Italy maintainer 32.7 _ 0.65 4.59 
4-22 selfed line Italy oil-enriched seeds; tall plants 32.0 + 0.48 4.49 
4-31 selfed line Italy oil-enriched seeds; tall plants 32.6 4- 0.46 4.57 
4-34 selfed line Italy oil-enriched seeds 28.1 _ 0.65 3,94 
4-36 selfed line Italy oil-enriched seeds; tall plants 33.1 + 0.51 4.64 
4-32 selfed line Italy protein-enriched seeds; tall plants 29.1 _ 0.47 4,08 
4-33 selfed line Italy protein-enriched seeds; tall plants 33.8 + 0.65 4,74 
4-37 selfedline Italy protein-enriched seeds; tallplants 25.2+__0.62 3,53 
4-38 selfed line Italy protein-enriched seeds; tall plants 25.1 4- 0.60 3,52 
A selfed line Italy - 38.0+__0.70 5.33 
GIO selfed line Italy short plants 37.7 _ 0.47 5.29 
E selfed line Italy - 36.8 _ 0.61 5.16 
M selfed line Italy tall plants 36.7 _ 0.61 5.15 
H selfed line Italy tall plants 35.4 4- 0.52 4.96 
G selfed line Italy short plants 33.7 + 0.59 4.73 
L selfed line Italy tall plants 33.3 4- 0.63 4.67 
F selfed line Italy tall plants 30.9+0.73 4.34 

Table 2. Mean Feulgen-absorption (arbitrary units) of early 
prophases ( = 4 C )  in the shoot and root apices of three seed- 
lings of  the A selfed line. Twenty prophases were measured in 
each apex 

Seedling Shoot apex Root apex 

1 40.85 41.54 
2 37.05 38.31 
3 35.63 33.85 

Source of variation Degrees Sum of Mean F 
of  squares squares 
freedom 

Plants 2 58.94 29.47 
Apices within a plant 5 4.97 0.99 
Nuclei within an apex 114 217.12 1.90 
Total 119 281.03 2.36 

29.77* 
0.52 
0.81 

* Significant at P --< 0.01 

Table 3. Feulgen-absorption (arbitrary units; mean _SE)  of 
early prophases ( = 4 C )  in the root meristems of seedlings ob- 
tained from seeds developed in different portions of the heads 
of five plants of the E selfed line. Each Feulgen-absorption 
value is the mean of sixty determinations; twenty prophases for 
each of three seedlings 

Head Head portion 
n o .  

Peripheral Intermediate Central 

1 39.01 +0.46 34.13+0.34 34.50+0.40 
2 40.21 _ 0.53 35.15 _ 0.22 37.34 _ 0.41 
3 38.86 ___ 0.52 36.24 ___ 0.53 35.99 _ 0.43 
4 39.08+0.31 35.08+0.28 33.59+0.25 
5 38.794-0.15 37.34_+0.29 36.61 ___0.23 
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Table 4. Karyological analyses in the root meristems of five seedlings of the 'Stromboli' hybrid and its HA89 and Restorer 
RHA 271 parental lines 

Hybrid or line Mean no. of 
chromosomes 
per nucleus 

Mean surface area (~tm 2 + SE) of squashed nuclei and chromosomes 

2C (G1) nuclei 4C (G2) nuclei Euploid C-metaphases 

Restorer RHA 271 30.2 155.3 + 3.3 301.4 4- 4.2 271.6 4- 5.0 
'Stromboli' 30.2 175.2 4- 2.1 320.2 4- 4.4 299.4 ___ 4.8 
HA 89 30.8 189.5 4- 3.8 341.3 --- 5.6 322.1 _ 4.4 

Pr ophoses=31./.6 • 0.89 
| MetQphoses = 33.36• 0.34 

oL, ['-F~ , f ~ ,  ~ , , , I  . . . . .  

-'G / Prophases=39.LO• 
10 ~ Metaphases=41.32_+0.36 

Z 

22 26 30 3/, 38 42 
Feutgen absorpt ion (a.u.) 

Fig. I. Feulgen-absorptions of early prophases (open bars) and 
euploid C-metaphases (solid bars) in the root meristems of 
three seedlings of the A line 

are no significant differences either in the highest or in 
the lowest values obtained in each head: it follows that 
the variations found in one single head cover the whole 
range of variation occurring within the line. 

Since extensive aneusomaty has been shown to 
occur in H. annuus (Cavallini and Cremonini 1985; 
Cremonini and Cavallini 1986), the possibility could 
not be ignored that this phenomenon might account for 
the variations in nuclear DNA content that had been 
observed. That this is not the case is clearly dem- 
onstrated by the data given in Fig. 1 and Table 4. 
Figure 1 gives the Feulgen-absorptions of individual 
prophases and euploid C-metaphases in the root meri- 
stems of three plants belonging to the A selfed line. The 
occurrence of aneusomaty and its different frequency in 
the three meristems is evident when the Feulgen- 
absorptions of prophases are considered, since large 
ranges of values are observed. However, the Feul- 
gen/DNA contents of euploid metaphases are different 
in the three seedlings; moreover, in each seedling, their 
mean value does not differ significantly from that 

obtained from the measurements of  the prophases. 
Chromosome counts in the C-metaphases of the root 
meristems of seedlings belonging to the 'Stromboli' 
hybrid and its HA89 and Restorer RHA271 parental 
lines, all three differing in genome size (Table 1), 
demonstrate that the mean number of  chromosomes 
per nucleus is practically the same (Table 4); as is 
already known, they are rather uniform in size in 
H. annuus (see Kodama 1974). Chromosome numbers 
exceeding the diploid number  ( =  34) or alterations in 
the chromosome structure were never observed. 

Table 4 also gives the mean surface areas of  squash- 
ed 2 C (G1) and 4 C (G2) interphase nuclei and euploid 
C-metaphases: significant differences occur between 
the meristems studied; these differences parallel the 
variation in DNA content as was cytophotometrically 
assessed. Chromosome length also increases with the 
increase in the amount of DNA: the mean length of the 
entire chromosome complement is 108.94-1.25 ~tm in 
the GIO line (5.29 pg of DNA per haploid nucleus: 
Table 1) and 100.44- 1.87 ~tm in the F line (4.34 pg). 

Biochemical analyses 

Figure 2 contains the melting profiles and the first 
derivative curves of  the DNA extracted from the roots 
of seedlings of  the GIO, G and F selfed lines. No 
significant difference is seen between the three DNAs 
as far as the Tm values, and hence the guanine-citosine 
contents, are concerned. However, clear-cut differences 
are observed both on the light and the heavy sides of 
the derivative curves, indicating that particular DNA 
families are differently represented in the three ge- 
nomes. 

The three DNAs, and particularly their repetitive 
fractions, which are most likely to be involved in the 
variations in the genome size, were also studied by 
means of reassociation kinetics. Analysis of  the reasso- 
ciation curves (Fig. 3), which is detailed in Table 5, 
reveals the existence of rather complex differences in 
the organization of the three genomes. It must be 
stressed that there is a difference in the frequency of 
the repeated DNA sequences, which is particularly 
evident in the case of the highly repeated sequences: as 
is also inferable from comparison of the melting profile 
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Table 5. Analysis of the reassociation curves shown in Fig. 3 

DNA Lines Frequency Cot 1/2 observed Cot 1/2 pure Kinetic complexity Redundancy 
sequences (moles x 1-1 x s) (moles x 1-1 x s) (nucleotide pairs) 

Highly GIO 0.119 5.9 X 10 -3 7.02x 10 -+ 7.93 x 102 7.26x l0 s 
repeated G 0.102 1.0 x 10 -2 1.02 x 10 -3 1.15 x 103 3.84 x l0 s 

F 0.083 1.2 X 10 -2 9.96 x 10 -+ 1.12 x 103 2.94 • l0 s 

Medium GIO 0.142 1.2x 10 ~ 1.70x 10 -1 1.92 x l0 s 3.58 x 103 
repeated G 0.137 9.3 x 10 -1 1.27 x 10 -1 1.44 x l0 s 4.12 x 103 

F 0.129 8.5 X 10 -1 1.10X 10 -1 1.24X l0  s 4.13 X 103 
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Fig. 2. Melting profiles and first 
derivative curves of the DNAs ex- 
tracted from the roots of seedlings 
of the GIO, G and F lines. Graphs 
are obtained from the averaged 
values of four repetitions: two for 
each of two different DNA ex- 
tractions 
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derivative curves (Fig. 2), repea ted  sequences are pro- 
gressively less frequently represented in the D N A  of  
the GIO,  G and F lines (5.29, 4.73 and 4.34 pg of  D N A  
per  haplo id  nucleus, respectively: Table 1). 

Discussion 

Mutual ly  support ing one another,  our  cytological and  
biochemical  results suggest that; i) in sunflower, ge- 
nome changes are continuously occurring during re- 
product ion in spite of  selfing and homozygosi ty  (Ta- 
ble 3); ii) mean  D N A  content  (Table 1) and genome 
organizat ion (Figs. 2 and 3 and Table 5) may  con- 
sistently differ from one cult ivated variety or  line to 
another,  even if  var iabi l i ty  within them must  make  us 
cautious as to the actual  extent o f  the divergencies 

Fig.& Reassociation kinetics of the DNAs extracted from the 
roots of seedlings of the GIO (A), G (e)  and F (,=) lines. Each 
point is the mean of the values obtained in four repetitions: 
two for each of two different DNA extractions. E. coli DNA (o) 
was used as a marker 
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found. The cytophotometr ic  estimates find support  in 
the results of  the karyometric  determinations showing 
that the surface area of  squashed nuclei and chromo- 
somes (Table 4) and the length of  the latter increase 
with the increase in the Feulgen-absorptions.  Both 
nuclear and chromosome volume are indeed well- 
established correlates with D N A  content in an-  
giosperms (see Price 1976). The cytophotometric (Fig. 1) 
and karyological (Table 4) analyses also make  it 
clear that variations in chromosome number  or gross 
structure do not account for the changes in nuclear 
D N A  content, which, on the contrary, are paralleled by 
the frequency variation of  repeated D N A  sequences, as 
shown by the biochemical  results (Fig. 2 and Table 5). 

Nuclear DNA content variation within H. annuus had 
already been reported (Nagl and Capesius 1976) and recently 
confirmed (Olszewska and Osiecka 1983; Michaelson and 
Price 1985; Cavallini and Cionini 1986). Moreover, results to 
be found in the literature suggest intraspecific genome size 
variation occurs at a level detectable by either Feulgen 
cytophotometry or chemical methods in other animal and 
plant species. In plants, even though this finding has not 
always been confirmed by subsequent studies, this occurrence 
has been described in several conifers and cereal crops (see 
Bennett and Smith 1976) and, more recently, in the genus 
Microseris (Price etal. 1980, 1981) and in Collinsia verna 
(Greenlee et al. 1984). 

In certain instances, intraspecific genome size variation is 
clearly linked to changes in growth environment and in- 
fluences the phenotype, as in the case of flax (see Cullis 1983); 
in other instances, as is the case with certain Pinaceae, in 
which DNA variations are correlated with changes in latitude, 
it has been suggested that environmental variants such as 
climate are factors in the variation (Miksche 1968, 1971; E1- 
Lakany and Sziklai 1971). In several other instances, such as 
Pinus resinosa (Dhir and Miksche 1974), nuclear DNA changes 
have no correlation with determinable environmental factors, 
nor do they influence the phenotype. With H. annuus, no 
correlation is discernible between DNA content and seed 
provenance or the phenotypic characters given in Table 1. 
With reference to the factors able to induce the DNA changes, 
since seedlings with different genome sizes are obtained from 
seeds not randomly located on the head (Table3), one 
hypothesis might be that genome changes arise in response to 
microenvironmental variations possibly due to differences in 
the availability of water and nutrients in different head 
portions and/or to differences in the times at which reproduc- 
tion processes and embryo development occur there. 

Our  data do not allow us to advance any hypothesis 
as to the developmental  stage(s) at which D N A  
changes are produced. In this connection, however,  it 
seems worthwhile to consider the behaviour  of  aneu- 
somaty, since it also produces nuclear changes in 
H. annuus,  which is thought to be a species of  polyploid 
origin (Jackson and Murray 1983). A recent study by 
Cremonini  and Cavallini (1986) clearly shows that 
aneusomaty arises and becomes progressively stabilized 
during embryogenesis,  since the frequency of  aneuso- 
matic cells in the root and the shoot apices con- 
tinuously increases during embryo development  and 
remains unchanged in seedlings. 

A further question concerns the way, o f  all those 
ment ioned in the Introduction, in which the D N A  
changes that we have observed originate. On the basis 
o f  our results, the most likely mechanism of  variation 
would seem to be serial lengthwise repetitions or 
deletions of  encoded D N A  base sequences due to extra 
synthesis or underreplication during D N A  synthetic 
phases. It was suggested that this explains intraspecific 
variation in genome size in other plant  species (Mik- 
sche 1971; Miksche and Hot ta  1973; Price 1976). 
Frequency variation of  repeated D N A  sequences due 
to such molecular  processes has also been shown to 
occur concomitantly with plant  cell functional activity 
(Cremonini  and Cionini 1977) and with such develop- 
mental  events as cell differentiation (Bassi et al. 1984) 
and dedifferentiation (Natali e tal .  1986) or phase 
change (Schaffner and Nagl 1979). In this connection, 
the suggestion put  forward by Cullis (1983) that the 
plant genome might be organized into constant and 
fluid domains is intriguing. Our  data may  be added to 
other evidence progressively accumulat ing in the litera- 
ture to support  this view. 

Work is in progress to answer further questions 
raised by our results, concerning the developmental  
stage(s) at which the unstable D N A  sequences vary, the 
molecular  process involved and the mechanism con- 
trolling the range of  variation, the structure and organi- 
zation at the chromosomal  level o f  unstable DNA. 
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