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Chromosomes are the rod-shaped, dark stained bodies seen during the metaphase 
stage of meiosis when cells are stained with a suitable basic dye and seen under 
light microscope. Chromosome are the structure that holds the genetic material, 
they are always present in nucleus of a eukaryotic cell, but they can be clearly seen 
when condensed, that is why we can see them in metaphase stage of mitosis. 

 

Special Chromosome: 

Some tissues of certain organisms contain chromosome which differ significantly 
from normal ones in terms of either morphology or function; such chromosomes 
are referred to as Special Chromosome. The following types of special 
chromosomes are discussed here:  

1. Lampbrush chromosome Accessory or B chromosomes 
2. Polytene chromosome or salivary gland chromosome 
3. Giant chromosome or salivary gland chromosome 

 

1. Lampbrush chromosome -  

Lampbrush chromosomes (LBC) were discovered in salamander egg cells 
(Ambystoma mexicanum) by Flemming in 1882. Ten years later, LBCs were 
identified in sharkegg cells and described by Ruckert. It was Ruckert who 
introduced the term “lampbrush chromosome” into biological nomenclature, due to 
its structure like a lampbrush (test tube cleaning brush). Lampbrush chromosomes 
are found in oocytes of many invertebrates and all vertebrates, except 
mammal (but found in human and rodent oocytes). Extensive studies for these 
chromosomes have been done on amphibian oocytes. 

They are characteristic of eggs that develop quickly into complex multicellular 
organisms. A frog's or a bird’s egg, is develops into a complex tadpole within a 
few days. The substance required for this process remains in the form of 
polyadenylated messenger RNA, ribosomes for protein synthesis and as nutrient 
raw materials. These are laid down during oogenesis through activity of lampbrush 
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chromosomes and amplified ribosomal genes and the accumulation of yolk 
proteins imported from the liver. Therefore, basically LBC is regarded mainly as 
an adaptive feature that has evolved to pre-programme the egg for rapid early 
development. However in other organism it serves a broader purpose. 

Structure and function relation in Lambrush chromosome  - 

Lampbrush chromosomes are intermediate structures present during the first 
meiotic division. In a prolonged diplotene stage, they undergo decondensation that 
results in the production of very large chromosomal structures. LBCs’ length 
ranges (depending on the species) from 400 to 800 mm, which makes them up to 
30times larger than their normal mitotic counterparts. 

In the early prophase, a LBC is a bivalent that consists of two pairs of conjugating 
homologues, eventually forming a tetrad. Each chromatid is composed of alterna-
tely positioned regions of condensed inactive chromatin (chromomeres visible 
as dark irregular structures and also observed in the interphase nucleus) and side 
loops of decondensed chromatin (Figure 1). In the homologous sections of the 
bivalent, chromatin is condensed (spirally twisted) or decondensed in the form of 
side loops (two per each chromosome and four at the level of the bivalent). The 
loop constitutes a part of the chromosome axis. It is extensible as well as 
contractible.  

The contractibility of the loop results in the contraction and dilation of the 
chromomere. Numerous morphological types of LBC loops have been identified. 
Such differentiation is determined by the type and the number of proteins that are 
directly bound to the emergent transcripts. In terms of transcriptional activity, there 
are two basic loop types. “Complex” loops have a matrix with a very complicated 
morphological structure (loop-formed or fibriform). “Complex” loops are 
classified as marker loops that enable chromosome identification or side loops. 
Another type of loops is the “plain” loops. They constitute the majority of 
chromosome loops and have a delicate fibrous matrix, with occasionally well-
visible asymmetry. Thus Lampbrush chromosomes include domains of open 
chromatin in which the genes can be potentially transcriptive (Loops) and domains 
of locked chromatin without expression. Each lateral loop contains one or several 
transcription units with polarized RNP-matrix coating the DNA axis of the loop. 
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The loops can be classified according to the type of the transcriptional polymerase 
(RNA systhesis). The largest loops include those transcribed by polymerase II. The 
smallest loops are transcribed by polymerase III. 

Lampbrush form are useful model for studying chromosome organization, genome 
function and gene expression during meiotic prophase, since they allow the 
individual transcription units to be visualized. Moreover, lampbrush chromosomes 
are widely used for high-resolution mapping of DNA sequences and construction 
of detail cytological maps of individual chromosomes.  

 

 

 

 

 

 

Figure 1 – Lampbrush chromosome.   A. Gross structure,     B. Enlarged view,      C. Extended 
chromatin, site of Synthesis of RNA in a loop of Lampbrush chromosome (adapted from Bruce 
Alberts, The cell,  5th edition 2008) 
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2. Polytene chromosome or salivary gland chromosome –  
 
Giant chromosomes were first time observed by E.G. Balbiani in the year 1881 
in nuclei of certain secretory cells (salivary glands) of Chironomas larvae 
(Diptera). However he could not conclude them to be chromosomes. They were 
conclusively reported for the first time in insect cells (Drosophila) by 
Theophilus Painter of the University of Texas in the year 1933. Since they 
were discovered in the salivary glands of insects they were termed as salivary 
gland chromosomes. The name polytene chromosome was proposed by Kollar 
due to the occurrence of many chromonemata (DNA) in them. Cells in the 
larval salivary gland of Drosophila, mosquito and Chironema contain 
chromosomes with high DNA content. However they may also occur in 
malphigian tubules, rectum, gut, foot pads, fat bodies, ovarian nurse cells etc.  
 
Polyteney of giant chromosomes are formed due to replication of the 
chromosomal DNA several times without nuclear division (endomitosis) and 
the resulting daughter chromatids do not separate but remain aligned side by 
side. During endomitosis the nuclear envelope does not rupture and no spindle 
formation takes place. Each nucleus will contain hundreds of copies of each 
chromosome. Cells are considered polyploid if they have more than two copies 
of each chromosome. If these chromosomes align perfectly forming large cables 
of chromosomes they are called polytene. 
 
Drosophila has four pairs of chromosome. If each of Drosophila's 4 pairs of 
chromosomes has undergone 10 rounds of DNA replication (DNA 
amplification) then the chromosomes of the larval salivary gland contain about 
1024 copies of the DNA, or ten doublings from the normal 2n. The maternal 
and paternal homologs, as well as all their duplicates are aligned in exact 
register with each other, and all chromosomes attach to each other in a region 
called chromocenter. So each chromosome consists of a cable containing 2048 
identical strands of DNA. These are so large that they can be seen during 
interphase; even with a low-power light microscope. (Figure 2) 
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Structure and function relation in Polytene chromosome   
 
Polytene chromosomes are means of gene amplification. Having multiple 
copies of genes permits a high level of gene expression; that is, abundant 
transcription and translation to produce the gene products. This would account 
of polyteny being associated with large, metabolically active cells (like salivary 
glands). Polytene chromosomes is a pattern of condensed regions 
(heterochromatin 85%), and transcribed regions (euchromatin 15%) gives a 
series of about 5000 light and dark bands (called as Balbiani rings) (Figure 3). 
Genes are located in both, but those in the interband regions seem to be more 
active. Chromosome puffs are diffuse uncoiled (swollen and appear to have a 
looser structure) regions of the polytene chromosome that are sites of RNA 
transcription. The pattern of puffing within a cell varies over time. For example, 
each time an insect larva prepares to molt, a definite, predictable sequence of 
puffing occurs. 

       

 

 

        

 

Figure 2 – Polytene chromosome.   A. Diagrammatic view,     B. Photograph (adapted from 
Snustad and Simmons, Principles of genetics 6th Edition) 

Figure 3 – Polytene chromosome.   A. Model showing interband and band region,     B. Puff 
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Shortly after Painter’s first report on the salivary gland chromosomes 
of Drosophila melanogaster also C.B. Bridges started an extensive study to 
achieve a detailed mapping of the banding pattern in these chromosomes. A year 
later, in December 1934, when Painter’s map for the whole genome 
of Drosophila was published, Bridges also presented the complete camera lucida 
maps of all salivary gland chromosomes in the annual exhibition of the Carnegie 
Institution of Washington. The same maps demonstrating 3540 bands were 
published in 1935 with a reference system for identification of all bands. Banding 
pattern of Polytene X chromosome is shown in Figure 3. 

 

 

 

 

 

3. Accessory or B chromosomes –  
 
The supernumerary, accessory, B-chromosomes belong to the category of 
secondary chromosomes. The distinction between A-chromosomes (the normal 
chromosome) and B-chromosomes was made by Randolph (1928), and it is 
with his well-known researches on the B-chromosomes of maize that this type 
of chromosome has attracted the attention of cytologists.  

Figure 3 – Banding pattern in the Polytene X chromosome, and detailed view of the left end By 
C. B. Bridges (adapted from Snustad and Simmons, Principles of genetics 6th Edition) 
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The occurrence of B-chromosomes has been reported in an ever increasing number 
of species, hundreds of species are known at present to possess B-chromosomes. 
Very early, for the Angiosperms alone, Parker (1959) discussed them in 199 
species belonging to 88 genera. The first report of B-chromosomes in animals was 
made by Lutz in the insect genus Diabotrica. 

Structurally, these chromosomes are mostly heterochromatic in nature. But in 
Tradeschantia B-chromosomes are completely euchromatic while in Maize they 
are partly heterochromatic and partly euchromatic. 

In human, example of Supernumerary chromosome - Supernumerary chromosome 
8, means that there is a tiny extra part of a chromosome in all or some of the cells 
of the body. In addition to the 46 chromosomes that everyone has, people with a 
supernumerary chromosome 8 have a small extra chromosome made from 
chromosome 8 material. 

The evolutionary origin of supernumerary chromosomes is obscure, but 
presumably they must have been derived from heterochromatic segments of 
normal chromosomes in the remote past. In general "we may regard 
supernumeraries as a very special category of genetic polymorphism which, 
because of manifold types of accumulation mechanisms, does not obey the 
ordinary Mendelian laws of inheritance”. 

Supernumerary, accessory, extra, B-chromosomes are chromosomes over and 
above the normal zygotic complement and they show a number of characteristics, 
among which the more important are:  

 different morphology from that of the chromosomes belonging to the 
normal complement, (usually of smaller size);  

 genetic constitution which does not strongly influence the individual, 
(usually having an almost non-existent genetic action);  

 numerical variability between different cells or different tissues, and 
individuals or populations;  

 abnormal behaviour at meiosis, (lack of homology with the normal 
complement etc.);  

 abnormal behaviour at mitosis, (chromatid non-disjunction at 
anaphase etc.).  
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Often some of the above characteristics may be missing. There is a tendency to 
consider as supernumerary chromosomes all chromosomes over and above the 
normal complement (varying in numbers, in tissues, individuals or populations) 
and which have a minimal genetic action, or tend to be neutral. Some of these 
cases could be considered either as examples of organisms with B-chromosomes or 
examples of polysomic organisms. The loss of one or more of the secondary 
chromosomes may only have a slight effect or at least one that could be tolerated 
for many generations. The secondary chromosomes could be derived from the 
primary chromosome (normal chromosome) following inactivation, or from the 
very beginning they could be of a secondary, genetic composition.  

Role of B chromosome – 

Most B chromosomes are mainly or entirely heterochromatic (i.e. largely non-
coding), but some contain sizeable euchromatic segments (E.g. such as the B 
chromosomes of maize). In some cases, B chromosomes act as selfish genetic 
elements. In other cases, B chromosomes provide some positive adaptive 
advantage. For instance, the British grasshopper Myrmeleotettix maculatus has 
two structural types of B chromosomes: metacentrics and submetacentrics. The 
supernumeraries, which have a satellite DNA, occur in warm, dry environments, 
and are scarce or absent in humid, cooler localities. 

There is evidence of deleterious effects of supernumeraries on pollen fertilit, and 
favourable effects or associations with particular habitats are also known in a 
number of species. B chromosomes may play a positive role on normal A 
chromosomes in some circumstances. In wheat, an allopolyploid, the B 
chromosomes suppress homologous pairing which reduces multiple pairing 
between homologous chromosomes. Bivalent pairing is ensured by a gene on 
chromosome 5 of the B genome Ph locus. The B chromosomes also have the 
following effects on A chromosomes: -- 

 increases asymmetry chiasma distribution 

 increases crossing over and recombination frequencies thus increases 
variation 

 cause increased unpaired chromosomes thus causes infertility 
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B chromosomes have tendency to accumulate in meiotic cell products resulting in 
an increase of B number over generations, thereby acting as selfish genetic 
elements. However this effect is counterbalanced for selection against infertility. 

Recently B chromosomes were identified in a laboratory stock of Drosophila 
melanogaster, subjected them to extensive molecular analysis. Scientist isolated 
the B chromosomes by pulsed-field gel electrophoresis and determined their 
composition through next-generation sequencing. Although these B chromosomes 
carry no known euchromatic sequence, they are rich in transposable elements and 
long arrays of short nucleotide repeats, the most abundant being the 
uncharacterized AAGAT satellite repeat. Fluorescent in situ hybridization on 
metaphase chromosome spreads revealed this repeat is located on chromosome 4, 
strongly suggesting the origin of the B chromosomes is chromosome 4. 
Cytological and quantitative comparison of signal intensity between chromosome 4 
and the B chromosomes supports the hypothesis, that the structure of the B 
chromosome is an isochromosome. They also reported the identification of a new 
B chromosome variant in a related laboratory stock. This B chromosome has a 
similar repeat signature as the original but is smaller and much less prevalent. 
(Figure 5) 

          

 

 

Figure 5 - A. B chromosome in Male Drosophila, metaphase stage, B. Karyotype of same, 
showing 10 B chromosomes as black dots 
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