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The morphology and the C and Q banding properties of the Lilium longiflorum karyotype have been investigated. 

Only 9 C bands have been observed, while the Q bands occupy 40-50% of the chromosome volume. Some correla- 

tion has been observed between regions of higher Feulgen stainability and the Q bands. The very low amount of 

centromeric C banding may reflect the absence of long stretches of highly repeated DNA. The relationship be- 

tween the C and Q bands and constitutive heterochromatin is discussed in relation to the premeiotic and somatic 

interphase in Lilium Iongiflorum. 

1. I N T R O D U C T I O N  

Banding of chromosomes with quinacrine (Q) 

and Giemsa staining following heavy (C) or mild 

extraction (G) has provided a major tool for the 

study of cytogenetic problems. The bands thus 

obtained are generally reproducible and 

identical for different somatic tissues (5,7), 

allowing the use of such patterns in analysis of 

chromosome aberrations and also in evolution- 

ary studies of eukaryotic karyotypes (24). 

It is generally believed that banding patterns 

reflect the structural and compositional hetero- 

geneity of chromosomes (24). The patterns may 

therefore provide insight into certain structural 

and functional properties of chromosomes dur- 

ing the mitotic cycle and the meiotic process. 

Chromosome regions revealed by C banding 

generally correspond to constitutive hetero- 

chromatin being condensed during interphase 

and late replicating (48). Moreover, the few re- 

ports available on C banding in meiotic cells 

have demonstrated an identity with mitotic 

banding and also a persistence of C bands 

throughout meiotic prophase (14,18). Further- 

more, chiasmata have been reported to be ab- 

sent from these regions (21). 

Little conclusive evidence seems available on 

the nature of G and Q bands even though a 

variety of functions have been suggested (24). In 

meiosis there is evidence, that the somatic 

bands have their counterpart bands in pachy- 

tene bivalents (20,25) as well as in diplotene, 
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diakinesis chromosomes (6) .  Furthermore, 

chiasmata at diakinesis have been reported to 

be localized predominantly in interbands 

(10,15). 

The major purpose Of this study was to provide 

a basis for relating the transient appearance of 

chromocenters during premeiotic interphase to 

the nature of the bands in metaphase 

chromosomes. The Lilium longiflorum chromo- 

somes are of particular interest in this connec- 

tion because their behaviour in meioeytes has 

been intensively studied (38). Moreover, 

observations of premeiotic interphase have 

revealed, that the heterochromatie blocks all 

show a late DNA replication and do not persist 

during meiotic prophase (12,39). 

The present paper is addressed to the details 

of the banding patterns in metaphase 

chromosomes in root tips of Lilium longiflorum 

as obtained by Feulgen staining and C and Q 

banding techniques. The outcome of this study 

has been to provide the necessary basis for 

analysing the nature of premeiotic chromo- 

center behaviour, and to emphasize some major 

differences in the banding patterns commonly 

studied in plants and animals. 

2.4 Feulgen staining 

The material was hydrolyzed for 8 min. at 60~ 

in 1 N HCI, cooled in an ieebath and stained 

with basic fuehsin for 11/2 hours at room 

temperature. The apical mm of the root tips 

were macerated and squashed in 45% acetic 

acid on a microscope slide, frozen in a squash 

slide freezer and transferred to absolute ethanol 

after removal of the coverslip. The slides were 

dipped through a series of absolute ethanol and 

xylene and the squashes made permanent by 

mounting in ~eukitt,. 

2.5 Quinaerine mustard 

The material was transferred from ethanol to 

45% acetic acid, macerated, squashed, frozen, 

washed in absolute ethanol and hydrated 

through a graded ethanol-water series. After 

two 5 min. washes in Mcllvaine buffer pH 4,0, 

the material was stained for 20 min. in a 50~g/ml 

solution of quinacrine mustard (Sigma). The 

slides were subsequently washed three times in 

buffer for a total of 15 min. and mounted in the 

same buffer (3). Preparations were analyzed 

with a Zeiss photomicroscope using incident il- 

lumination and photographed on Agfa Ortho 

25. 

2. MATERIALS AND M E T H O D S  

2.1 Plants 

Actively growing root tips were obtained from a 

clone of Lilium Iongiflorum grown in the Royal 

College of Forestry phytotron in Stockholm. 

Some root tips were obtained from the same 

clone grown in a greenhouse at the Botanical 

Garden of Copenhagen. No differences were 

observed between the two groups. 

2.2 Pretreatment 

Five mm long root tips were excised, washed 

and placed in alufoil covered glass vials contain- 

ing 0,05% colchicine for 5 hrs. at 20~ 

2.3 Fixation 

The material was fixed for 2 hrs. in 3:1 (absolute 

ethanol: glacial acetic acid), washed for 1 hour 

in three successive changes of 70% ethanol and 

if necessary stored in a refrigerator. Root tips 

for quinacrine staining were washed and stored 

in absolute ethanol. 

2.6 Giemsa C 

Satisfactory results have not been obtained with 

the procedure of ARRIGHI and HSU (1), but 

three other procedures proved satisfactory. 

I) Frozen squashes were prepared as described 

and the slides dipped into absolute and 70% 

ethanol and airdried. Alkaline extraction was 

carried out in a saturated solution of Ba(OH)2 at 

60~ for 5 min. After 5-10 min. washing in cold 

tap water and a brief wash in distilled water the 

slides were incubated for one hour in 2xSSC (0,3 

M sodium chloride + 0,03 M trisodium citrate) 

at 60~ Staining was performed in Giemsa 

(R66, Gurr) diluted 50 fold with 1/15 M phos- 

phatebuffer pH 7,0 (41). 

II) The procedure was the same as I except that 

the alkaline extraction was carried out at room 

temperature (45). 

Ill) Airdried preparations were treated with 

0,01 M Ba(OH) 2. 8H20, pH 12,3-12,5 for 1,2 and 

5 min., washed in tap water and distilled water, 

and incubated for up to 16 hrs. in 2 x ssc at 
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60~ Samples for Giemsa staining were taken 

every second hour. 

3. R E S U L T S  

The Feulgen stained karyotype of Lilium 

longiflorum (n = 12) is shown in Figure la. SAT 

constrictions can be identified in the long arm 

of chromosome 3 and in the short arms of 

chromosomes 4 and 7. The results are in agree- 

ment with the Lilium longiflorum karyotype es- 

tablished by STEWART (40). In addition to the 

major SAT constrictions several minor con- 

strictions may be identified. Along the chro- 

matid regularly spaced variations in the intensi- 

ty of Feulgen staining can be seen. 

In attempting to obtain a good and reproducible 

C band procedure, control of the extraction 

steps proved to be critical. The method of 

SUMNER (41) often gave excellent results, but 

nuclei and chromosomes were often overex- 

tracted and difficult to identify. The method of 

VOSA and MARCHI (45) often gave excellent 

differentiation and good preservation, but the 

products of alkaline extraction were not re- 

producible and frequently cells were either ex- 

cessively or inadequately extracted despite the 

apparent constancy of conditions. The 

problems encountered in the first two banding 

procedures could be obviated by following 

procedure III, as detailed under Methods. 

Good differentiation was found with 10-12, 6-8 

and 4-6 hours of incubation in 2x SSC after 1, 2 

and 5 min. extraction in Ba(OH)~. Alkaline and 

SSC treatments appear to act in compensatory 

fashion. Best results were obtained using the 5 

min. Ba (OH)2 and 4-6 hours 2x SSC combina- 

tion, thus supporting earlier experience, that 

Lilium chromosomes are sensitive to prolonged 

incubation in hot SSC. 

Although this modified C banding method is 

more effective than the others it is still not 

entirely reproducible. In general, spread chro- 

mosomes that are free of cytoplasm and cell 

wall give a more consistent response, but in 

order to obtain a reliable C band karyotype 

successive 2 hour samples were taken. Thus 

treated, the karyotype of Lilium longiflorum is 

very simple (Fig. 1 b). With the possible excep- 

tion of the band on chromosome 1, the remain- 

ing 8 bands seen in Figure lb have been identi- 

fled in all three Giemsa procedures. The bands 

are distributed as follows: 2 flank the SAT con- 

striction in chromosome 3; one is distal to the 

SAT constriction in chromosome 7; none is pre- 

sent in chromosome 4; in chromosome 7 one is 

close to the telomere of the long arm and a sec- 

ond is proximal to a minor secondary constric- 

tion. The remaining three are localized at minor 

constrictions, distal on chromosome 8 and prox- 

imal on chromosomes 9 and 12. All these bands 

are reproducible with the possible exception of 

the distal one on chromosome 3 and no differ- 

ence has been found between homologous chro- 

mosomes. The only clearly inconsistent feature 

of banding among the cells is the appearance of 

tiny bands or dots around or in the centromere 

region; their presence is erratic and appears to 

be unrelated to the staining of other bands. 

The Lilium karyotype has been found to possess 

a very large number of Q bands regularly spaced 

along the chromosomes (Fig. 1 c). The quality 

of the banding has been found to be dependent 

on the quality of the morphological preserva- 

tion. If the chromosomes are improperly 

preserved the same bands can be identified, but 

with a lower intensity of fluorescence. In badly 

preserved specimens, no bands can be seen at 

all. If the interpretation presented above is 

correct, no evidence has been found for 

banding polymorphism. All C bands can be seen 

to be fluorescent except the C band in the short 

arm of chromosome 7. Furthermore, centro- 

meric C and Q banding is the same; the bands, 

if present, are small and form rarely. Only on 

chromosomes 5,7 and 10 do the relatively large 

centromeric Q bands occur somewhat more fre- 

quently. 

A comparison of the Q banding pattern and the 

chromosome structure after Feulgen staining 

reveals some correlation between the Q bands 

and the chromomeres. Both are regularly dis- 

tributed along the chromatids, often confluent 

with homologous regions in the sister chro- 

matids and minor constrictions can be seen to 

be only weakly fluorescent. However, quantita- 

tion of the very large number of bands including 

subdivisions of these bands has not been 

successful. A correlation between bands and 

chromomeres has accordingly not been possi- 

ble. 

Carlsberg Res. Commun. Vol. 41, No 5, 1976 219 



P. B. HOLM: Banding patterns of Lilium 

, Lo l a  
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Figure 1. The karyotype of Lilium longiflorum, la) after Feulgen staining, lb) after Giemsa C (III) staining, lc) 

after quinacrine murstard staining, x 2000, (bar = 5u). 
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An interpretation of the karyotype after C and 

Q banding is presented in the idiogram in Figure 

2. Assuming an equal diameter of chromatids in 

banded and non banded regions, the bands con- 

stitute 39% of the chromosome volume; assum- 

ing the interbands take only 3/4 of the band 

diameter, the band volume is 51%. It should be 

stressed, however, that the boundary between 

bands and interbands is based on subjective 

criteria and to some extent is dependent on the 

photographic procedure. Finally, it seems quite 

likely that each band is subdivided into bands 

and interbands. 

4. D I S C U S S I O N  

The nature of the C bands is at present only 

partly understood. Studies of mammalian 

chromosomes especially have revealed that 

differential chromosome condensations, prefe- 

rential extraction of DNA and protein in inter- 

band regions, and DNA and protein interac- 

tions all may be involved in the selective stain- 

ing of the C band regions (8,33). Moreover, in 

situ hybridization experiments have revealed 

that C bands are enriched in satellite DNA 

(26,27). 

The C banding pattern observed in the present 

study is very simple, all reproducible bands be- 

ing confined to SAT and minor constrictions. Of 

particular interest is the virtual absence or very 

low amount of centromeric C bands, a trait that 

seems to be characteristic of most plants ex- 

amined. Total absence of centromeric C bands 

has been reported in a variety of plants (32, 45). 

Re-examination of the same species and studies 

on other plants have demonstrated, however, 

that C bands occasionally show up in and 

around the centromere region (2, 19, 22, 36, 42, 

44), suggesting that a minimum of centromeric 

constitutive heterochromatin is a universal part 

of the metaphase chromosome. STACK (36) 

suggested that C bands or dots in the 

centromere region actually were the kineto- 

chores, defined as the region within the centro- 

mere to which the microtubules associate. Ross 

(30) suggested, however, that this staining 

pattern should be considered as a staining of 

centromeric heterochromatin. Larger centro- 

meric C bands have only been observed in a few 

plants. Plantago ovata seems to possess quite 

large C bands (37) correlating well with the 

classical constitutive heterochromatin observ- 

ed by HYDE (16). In Secale cereale the centro- 

meric and telomeric C bands were observed to 

correlate well with classical heterochromatin 

(11). 

At present, it seems difficult to evaluate to what 

extent these differences in C banding patterns 

are a reflection of natural quantitative and 

C band 

Q band 

non f luorescent  
C band 

_ 1 0co c t l  
b....~ i C  

C ~ C 
-'~ C 

L.J 
c l l  

1 2 3 4 5 6 7 8 9 10 11 12 2 

Figure 2. ldiogram of Lilium longiflorum, denoting C bands and Q bands. SAT constrictions are indicated with 
arrows. 
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qualitative variations in chromosome structure 

between plants and animals. Proper C banding 

seems quite difficult to obtain in plants, and 

many reports suggest that different species re- 

quire different treatments in order to obtain a 

reliable banding. Nevertheless the variation 

observed might reflect a variation in the amount 

of highly repetitive or satellite DNA. Interest- 

ingly many dicotyledons and all monocotyle- 

dons yet examined lack satellite DNA (17), even 

though repeated DNA sequences occur ex- 

tensively (9). Likewise Lilium longiflorum does 

not possess any satellite DNA, but 80% consist 

of sequences repeated more than 10 times. Only 

10% renaturates below a Cot value of 10, (13) 

and a correlation between the lack of very high- 

ly repeated DNA and the very low amount of 

centromeric heterochromatin could according- 

ly be possible. Very highly repeated DNA has 

been reported in other monocotyledons; in 

Secale cereale 10% renaturated with kinetics 

similiar to animal satellite DNA (28); in Triticum 

aestivum the amount was 4-10% and believed to 

be palindromic sequences (35). 

Contrary to C banding, the Q banding study has 

revealed a highly complex system of Q bands 

along the chromatids. The centromeric Q bands 

seem to be as inconsistent as centromeric C 

bands with the possible exception of the bands 

on chromosomes 5,7 and 10. 

Reduced fluorescence in C bands has been 

noted in many organisms (31,41) and has been 

suggested to be a quenching reaction due to 

high G-C content (46). VOSA (43) furthermore 

described, that regions outside the C bands 

could show reduced fluorescence. A similar 

phenomenon has been observed in the present 

study, but the regions are interpreted to repre- 

sent minor constrictions. The extent to which a 

similar correlation between fluorescence in- 

tensity and Feulgen stainability exists in the rest 

of the Lilium longiflorum genome cannot yet be 

resolved because of the complexity of the band 

and chromomere pattern. It does suggest, 

however, that a primary reason for banding of 

chromosomes is variations in chromatin con- 

densation along the chromatids as suggested by 

MCKAY (23) and by YUNIS and SANCHEZ (47). 

Photometric evidence for such a variation is still 

lacking (4) and, moreover, special treatments 

often seem necessary for obtaining a Feulgen 

banding comparable to G and Q bands (29). It 

seems at present quite clear that more informa- 

tion must be obtained on the native conforma- 

tion of the metaphase chromosome and the 

effect of colchicine, fixation and posttreatments 

as well as the actual staining reaction before the 

nature of the bands can be elucidated. 

At present, considerable confusion seems to ex- 

ist on the definition of constitutive hetero- 

chromatin. Often all C, G and Q bands are in- 

cluded in the definition, implying that the bands 

remain condensed during interphase and show 

a delayed DNA replication. Autoradiographi- 

cal and cytological evidence from somatic and 

premeiotic interphase nuclei in Lilium longi- 

florum (12), suggest that C bands fulfill this 

definition, while the behaviour of the Q bands 

is somewhat more complicated. Double stain- 

ing of interphase nuclei with quinacrine mus- 

tard and orcein have demonstrated, that in 

many nuclei the majority of the chromocenters 

is fluorescent, but often the amount is as low as 

50%. Moreover, premeiotic interphase nuclei 

have been found to possess considerably more 

DNA packed into chromocenters than somatic 

interphase nuclei, altogether suggesting that Q 

bands cannot be necessarily regarded as con- 

stitutive heterochromatin. 
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