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ABSTRACT

The present paper deals with the study of Nucleogenesis and nucleolar behavior during microsporogenesis of Rheo
discolor using silver- nucleolar organizer regions (NOR) staining technique. It is observed that only one nucleolar
organizer regions is present in each genome of R. discolor and NORs are achieved during the Pre-meiotic and
meiotic stages. It is observed that common pattern of nucleolar activity is not conserved in the present plants and
process of nucleogenesisis similar in both mitotic and meiotic cell divisions.
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INTRODUCTION

Nucleogenesis, the formation of the nucleolus, Ve dynamic process in the fundamental life & dells. It has
been studied exclusively during the mitotic celkleyusing light and electron microscopic silverirsteg and
immunoflorescence techniques [1]. During mitodieg teformation of the nucleolus begins in late &agp when
nucleolar material appears in the vicinity and be surface of the chromosomes, sometimes in thma fofr
perichromosomal sheath. This nucleolus like mdtehan condenses or collects into discrete strestuermed
perinucleolar bodies (PNBs) which subsequently faisthe chromosomal nucleolar organizer regions Rs)On
telophase stage and early interphase nucleolussPid2e been described as dense circular fibrograstructures
[2], which contain RNA and protein which found inamonuclei [3-4] which stain with silver [5-9].

Nucleolus is a well defined domain of the interghaell nucleus where ribosomal RNA (rRNA) is syrsized.
They are also highly ordered nuclear component lwpiovide an opportunity to study the mode of ing¢ign of
several complex functions within restricted nucligiritories. They are sites of ribosome biogenesgigch involves
transcription of rRNA genes, association of nasdeahscripts with specific proteins and multipleepst of
maturation of primary transcripts leading to therfation of the pre-ribosomal subunits. The main padnanent
constituents of the nuclear body are the densddiibaind granular ribonucleoprotein componentss Iggenerally
agreed that in the nucleolus, ribosomal genes @eatéd in the fibrilar centres and associated dditsiar

component [10-12]. In these fibrilar structuresemthing necessary for transcription is present.

Silver-Staining patterns of NORs in nuclei and chosomes in pre- and post- meiotic stages of spegaatsis
have been observed in ten different species oébeates [13-14]. Similarly, Silver-Staining pattemere observed
during spermatogenesis of all the species. Postlilver staining was evident in spermatogonia d@mdughout
meiotic prophase, although silver staining waslip&bsent during metaphase | and metaphase llebsis. Ag-
NORs reappeared in early spermatids, suggestingsa meiotic reactivation of NORs. The Ag-NORs then
disappeared at the beginning of the elongationgbéshe spermatid nucleus. This result indicabes NORs are
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suppressed during meiotic divisions but becometiresied in the haploid spermatid. Haploid gene egpion has
been suggested for other genes, and this probably®with the ribosomal gene.

The behavior of nucleolus during meiosis has bgstematically analyzed in a few species of mamifidi§insect
[16] and plant [17-18]. PNB-like structures haveebhebserved in meiotic cells abcusta migratoria [19] and
Allium flavum [17]. The studies show the presence of nuclediugughout prophase stages upto pachytene in
vertebrates and upto metaphase | in insects andspla

The above observations form the basis for integpigt of the findings on nucleogenesis and meiptaphase |
stages. However, process of nucleogenesis duringsiménas not been described in any species of flatits and
animals. Consequently, the nature of relationstepvben NOR activity and its morphological consegesn
formation of nucleolus has not been elucidated.

Light microscopic analysis of silver-stained PMC$ TradiscantiaRhoeo discolor could relate stages of
nucleogenesis to pre-meiotic and meiotic prophagertnitting observation of meiotic cell stages widspect to
nucleolar formation.

MATERIALSAND METHODS

Tradescantid&hoeo discolor plants were grown in pots under natural conditidiewering takes place throughout
the year, peak timing of flowering falls during Fehry to June. Flowers at different sizes wereeoddd from the
inflorescence during 8-10 hours in the morning.i@ivg stages of the pollen mother cells were deieech by
acetocarmine squash technique. Sizes of the antia@iag desired stages of cell division were mesdwsing a
calibrated ocular micrometer. Flowers selectedallguvere dissected out and anther size was meashteiotic
stages were found in anthers of size range 20-daoanits in breath and 39-83 ocular units in tend\nthers of
little smaller size provided premeiotic stages.

Flowers having appropriate anther sizes were smleand fixed in methanol-chloroform-acetic acid3(8) for

overnight inside the freezing chamber of refrigeraiThe Pollen Mother Cells (PMCs) were squeezedobuhe

anthers in a drop of 45% acetic acid on a cleatesind squashed under a coverslip after warminglitie over
flame. Then the slides were kept in refrigeratedsamtor at 0°C for at least one day or till furthbeocess. The
cover slip was flipped off with a needle and theparations were allowed to air-dried. Refrigeratedsication
made the cells to stick to the slide saving thésdebm lost with coverslip. The slides were staingith silver

nitrate following the method of [20] modified byl

The method is as follows- Colloidal developer wespared by mixing 2g of powdered gelatin in 100ofndlistilled
water and 1 ml of pure formic acid. Gelatin wassdiged by slightly warming the solution for a fewnutes at
37°C. 50% silver nitrate solution was prepared byalisag 4g of Ag-NQ in 8 ml of distilled water. Two drops of
colloidal developer and four drops of aqueous sihiate were pipette onto the slides. A coverslgs put and the
slide was placed for 2 minutes on a slide warmerh@ated at 68-7C for 2 minutes on a slide warmer. The slide
was immersed in running distilled water, the colersas removed and rinsed for 10 minutes, airdireaked in
xylene and mounted in DPX. The slides were examinader bright field optics of Leitz compound light
microscope. The selected cells were photographéid ¥0x objective using Agfa orthopan 25 ASA blauid
white films. The meiotic stages were identifieddaling the classical stages of meiosis.

RESULTS

Analysis of silver-stained PMCs &hoeo discolor reveals that silver nitrate stains nucleolar malkgiand nucleoli
during premeiotic and first meiotic prophase upactptene. The nucleolar materials and nucleolug weferred to
premeiotic and meiotic stages which were identifted chromatin morphology and behavior. The stages o
nucleologenesis referred to premeiotic and megitiges are described below:

Preleptotene

The cells were characterized by complete absencehmmosomes and diffusion of chromatin throughibgt
nucleus. Several silver-stained spherical bodiediféérent sizes were present as shown in (Fig. ILhgse bodies
correspond to the structures designated as the@esiar bodies (PNBs) described in somatic célls [
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Early leptotene

Chromatin started condensation and organizatioa afitromosomes appear as thin thread-like structurke
chromosomes were randomly dispersed throughoutuibkear area. Organization of PNBs into nucleolegan at
this stage (Fig.1.2). Several PNBs aggregatedeailtbRs while several others remained scattered.

Late leptotene

More number of chromosomes was present. FusioMN8sRnto larger units took place and these largelids were
in the presence of fusion into nucleolus (Fig. 1[@)e to the fusion of PNBs into nucleolus, the bhamof PNBs
decreased with the advancement of leptotene stage.

Fig. 1 Stages of nucleologenesis . 1. Preleptotene, 2. Early leptotene, 3. Late leptotene, 4. Early
zygotene

Early zygotene

Early zygotene was characterized by the beginniraymapsis of homologous chromosomes. Many PNBsf et
into immature nucleoli (Fig. 1.4). Maximum numbédrnucleolar bodies (NBs) observed at this stage foas in
number (Fig. 2.5).

Mid zygotene

With the advancement of synapsis, formation of eoicis was also progressed. One mature nucleolusowad at
the periphery, while the other NBs remain diss@tlas shown in (Fig. 2.6). In zygotene cells maheaaced than
the former also, fusion of NBs had not still conteteand only one nucleolus appeared at the pesigRrég. 2.7).

Late zygotene

This stage was characterized by the advanced sfaggnapsis. In each of the cells at this stage, mwcleoli of

similar (Fig. 2.8) or dissimilar (Fig. 3.9) sizesdaintensity of staining were invariably preserack nucleolus was
spherical in shape. The entire area was stainddsiliter except at different regions which were pbetely silver

negative (Fig. 2.8 & Fig. 3.9, 3.10) very small atgne nucleolus was usually stained with silveodighout the
area without any unstained region (Fig.3. 9).
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Fig. 2 Stages of nucleologenesis 5. Early zygotene , 6. Mid zygotene , 7 & 8. Late zygotene

Pachytene

Synapsis was completed and six bivalents were praaeeach cell. In most of the early pachytendsceivo
nucleoli of different sizes were present and thrasgeoli were smaller in size and lesser in densitgtaining than
those of zygotene cells indicating the beginningie€leolar degeneration (Fig. 3.10). In other psehg nucleoli
only remants of nucleolus were present (Fig. 3.11).

¥ \-a o2 8

Fig. 3 Stages of nucleologenesis 9. Late zygotene, 10. Pachytene, 11. Pachytene,
12. Diakinesis
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Diakinesis
Cells in diakinesis were characterized by disjwrctof homologous chromosomes of each bivalent éxaethe
telomeres. Nucleoli were completely absent fronsca this stage (Fig. 3. 12).

DISCUSSION

Although numerous meiotic studies have noted tleeiwence of nucleoli during the early meiotic prapé there is
no report of systematic studies on nucleogenesisnagleolar behavior during meiosis. The only rémor meiotic
nucleolus behavior in plants is of [18] in wheag-fyybrid. They observed that silver nitrate staiosleoli during
the first meiotic prophase until pachytene. HoweieR. discolor plants analyzed here, silver stains nucleoli upto
pacytene. It appears that a common pattern of alaclectivity is not conserved in plants.

In each late zygotene cell, two pairs of nucledlismnilar (Fig.2. 8) or different (Fig.3. 9) sizesid degrees of
staining were present. This suggests the presehaplyone pair of NORs per genome Rfdiscolor. However,
nucleoli may fuse into large nucleolus and consetiyén later stages of cell division, probabiliby finding cells
with actual number of nucleoli decreases drasticl observed by [18] in wheat-rye hybrid.

Nucleolar structures usually show differentiatiartwo components, pars fibrosa and pars granufoseiotic cells
of Allium cepa anthers [7]. Loidl et al. [17] observed at thehtignicroscopic level in meiotic cells of anther/Af
flavum that from early leptotene onwards the nucleoli apggpartite; a heavily silver impregnated core abhi
appears black is surrounded by weakly stained brehell. They further observed that during zygoteamel
pachytene each NOR chromosomes have its own cdhénwthe nucleolus. However, such structures, were
observed in the present study which revealed theh @ucleolus was spherical in shape and the emtga was
stained with silver except at various regions whigre completely Ag-ve (Fig. 2.8 & 3.9, 3.10). Exd@n of Ag-
NOR staining technique to nucleolar studies inaw@siplants and animal species is required befoyeattempt is
made to draw a conclusion on the degree of resoludf nucleolar structure at the light microscopeel by silver
staining technique.

It has also been known that NORs are active dutiegearly meiotic prophase upto pachytene andibesomal
genes are rendered inactive throughout the renmastiges of meiosis [14]. The results of the preserdy lend
support to view as occurrence of nucleogenesisrartbolar activity during pre-meiotic interphased aneiotic
prophase | stages upto pachytene observed in #semqr study shows that NORs are active during pietio
interphase and early meiotic prophase | stages.tfEmscriptional timing of rDNA inferred in the @ent study
from the timing of nucleogenesis and nucleolar bahtadoes not correspond to the general patterA@NOR
during meiosis observed in several species by #3830, these observation are also supportive ageke for the
finding of [22-23] that Ag-NOR staining is rathesssmciated with rDNA chromatin decondensation than
transcriptional activity of ribosomal genes.

From similar studies on mitotic cell it has beetablshed that rDNA containing NOR performs two dtians: (a)
synthesis of 18s and 25s RNAs and (b) organizatfaghis RNA together with DNA, ribosomal and ottrercleolar
proteins into nucleolus [24]. Process of nucleogene somatic cells, the morphological consequerafethis
biochemical process, includes appearance of pernobsomal sheath-like perinucleolar material, cosd@an of
this material into nucleolus [1]. The same sequsmé@vents were also observed in the present $kidyl.1to 1.4
& 2.6). Obviously transcriptional pattern of rDNA mitotic and meiotic chromosomes is similar.

PNBs contain RNAs and proteins [3-4] and the pratdiave been identified as nucleolar phosphoprdgjrand
Cx3[1]. The By is associated with RNA containing structure [28)viding evidence for the presence of RNA in
PNB. Fusion of PNBs may not occur naturally [26],neay be prevented by actinomycin D [1], [8]&[27]hese
observations demonstrate that PNBs are biochemi@aid functionally “miniature nucleoli”. It followghat
transcription of NORs occurs during organizatiorPdfBs which take place at premeiotic interphaselaptbtene
in R discolor takes place at preleptotene and leptotene. Thiglgsion gains support from high resolution
autoradiographic studies. Pattern of 3H uridineoiporation in dividing mouse Ehrlich tumour cellsosis that
NORs synthesize RNA for one part during the lagbfcthe previou cell cycle and for the other particly the
telophase in which stages PNBs appear [28].
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CONCLUSION

Nucleogenesis and nucleolar behavior have beemestaldiring microsporogenesis Bhoeo discolor using silver-
NOR staining technique and light microscope. Sdvsitger-stained spherical pre nucleolar bodies BBNof
different sizes were present in preleptotene nuéleiearly leptotene several PNBs aggregated atNtB&s while
several others remained scattered. Fusion of PNBsnucleolus took place at late leptotene andntimaber of
PNBs deceased with the advancement of leptotege.std early zygotene PNBs fused into four or miarmature
nuclei. Two mature nucleoli of similar or dissimiisizes and intensities of staining were invarigiigsent and two
degenerating nucleoli were present. At diakinesigleoli were completely absent. From this study fillowing
conclusions have been drawn that only one NORasemt in each genome Rf discolor, NORs are active during
pre-meiotic and meiotic stages, a common patterruofeolar activity is not conserved in plants, &aghscriptional
timing of rDNA does not correspond to the behawbAg-NOR, process of nucleogenesis is similarathkmitotic
and meiotic cell divisions.
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