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Chl"ﬂﬂiﬂﬂ'ﬂﬂlﬂﬁ'

| C’hrﬂmasﬂmes are self- reprﬂduc:ng Hzread-hke
structures located iviside the nucleus. They are called
chromosomes (Chroma— colour, sema—=body) because they
are easily stained with dyes. They are the vehicles of heredity.

' Chromosomes were first observed by Hafmeister in
1848 in the nuclei of pollen mother cells of Tradescaniia.
However they were ]'IEI:I'I'I-EEI cﬁramasamﬂ 111 IEEE hy
Waldeyer. |

The number of chromosomes varies from specles to
species. But the number remains constant among the members

of the same SP-E".’:IE:S The lowest number of Lhrﬂmns-ﬁmﬂs s -

2 and it occurs in Ascaris megalocephala. The maximum
number of chramﬂsnmes 15 1700 and 1t occurs ina ramniaria.n .

(Prﬁtﬂz—— >



" Generally the chromosomes are arranged in pairs. A
Pair of similar chromosomes is called homologous.:
chromosomes. The somatic cells contain two sets of
chromosomes. This number is called diploid number which:
ssjjfuuis represented by 2m. The gametes contain only ong:
set of chromosomes. This number is called kaploid number
and if is represented as n. Sometimes a cell may contain more;’
than two sets of chromosomes. This number is called |
pobploid (31, 4n, Sn,etcy. -



 'The shape of a chromosome is largely determmed by
the position of its centromere. On this basis, chromosomes
are classiﬁed into four types. They are the following:
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Acrocentrgjc
. Different shapes of chromosomes.



i Tefncemrm* Tht: centmmcre is lﬂnated at thc t’:nd
of the chromosome. Such chromosomes are rare. It exlsts
nnnnally In certain species of Protozoa. '

2. Acrocentric: These are rod-like chmmnm&mei
havmg a very small arm and a very ]nng arm. This is
“characteristic of Locusts. | | f:i

. 3. Sub-metacentric: These chromosomes are L?
shaped having uneaual arms.

4. MetaCentric > These chromosomes are V—shaped
They have arms equa] in lﬂngth They are {:haractfcnsm ﬁf

Amphibia.



The size of the chromosomes ranges from 0.1 micmn_
to 30 microns. The diameter varies from 0.2 micron to 2
microns. In general, plants have larger chtomosomes than
animals. The plant Trillium has chromosomes with the length
of 32 microns at metaphase. The length of the human
chromosomes varies from 4 microns to 6 microns. But there
are also giant chromosomes which vary in length and diameter.
The lamp bursh chromosomes in oocytes of Amph"hla m&y'

reach upto 800 microns long. -
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A typ:[cal somatic chrnmnsnmc has an elﬂngatﬁd
cylindrical body with two arms. It consists of a petlicle,

matrix, chromonema, chromomeres, centromere or primary
constriction, secondary caristrmﬂan, satellite ﬁodm's ard

telomeres. |
Major coils -

Sm:crure af a typmm’ mmanc chromﬂ.samg



| Thc outermost cqvcnng of the chromosmnc 15‘. ;Im
pellicle. 1t is thin and formed of non-genetic material.

The pellicle encloses a mass of hnmcrge:nuus no
genetic material called the marrix. Tt forms the main bulk of
the chromosome. It helps in keeping the chromonemata Wlthl.ﬂ
the bounds.

| Internally, the Ehl‘ﬂl‘l‘lﬂS{}mB contains two ldentlca |
Eplt‘ﬂll}' coiled filaments. - They are called chramaufm:ir_
The nature and degree of coiling of chromonemata is variably
in. meiotic and mitotic chromosomes. In melon'
chromosames two distinct coils are observed. One is cal}
the. majar coil, which consists of 10 to 30 gyres;
The other is called minor coil, which has more number o
gyres. In mitotic chromosomes, a kind of coil similar to thg
major coil is described. It is called the somatic or standard
‘cqg§l. The coiling may be either paranermic where the coiling
can be easily separated or plectonermic where the colhng
-cannot be easily separated. - - | | 5




Paranemic coiling .
Chromatids

- Plectonemic co:ling

f Types of coilings belween chromOnem
threads. '
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. During mterphase certain regions of the chromatu
stain darker with Feulgen. Such reglons are called
heterochromatins. The other regions are calle;
euchromatins. This phen omenon is known as heteropycnosi

or differential staining. Heterochromatin is in close contat
with nucleolus. During mitosis the heterochromatic region

may stain more strongly (+ ve heteropycnosis) or mnre
weakly than euchromatic regions (- ve heteropycnosis). .




In the meiotic and the mitotic prophase, the
chromonema shows alternating thick and thin regions. The
thick regions are bead-like structures “and are called
chromomeres. The reglens in between them are called inter-
chromomeres. 1t is presumed that genes are focated on
chrﬂmﬂmercs But some thought that the genes may be
located on mtﬂr-chromumeres but it has not been well'
establlshed - "1y

There is a hghter staining narrow. regwn in mc:
chromosome called centromere. This narrow region 1S in:
the form of a constriction. Hence it is also called pﬁw
constriction. The parts of the chrnmosmmﬂ which lie on eit--



her side of the chromosome are called arms. The shape of
the chromosomes is determined by the location of the:
centromere: The centromere has five zones. namely an inner
zone, two nfgldle zones, and two outer zones.” Ti’te

inner zone is ¢lear containing a granule called kmosame. The

middle reglon is formed of one or more Lhromomeres T‘he
centromere has three functlons '

- 1. Spindle fibres are attache-d to centromere.
2.1t hg:]_f._:s _‘-I:hﬂ formation of spindle fibres.
3. It gives shape to the chromosome.



Centromere.

] . o Centromere | *
Sister chromatids . " Proxtmal ar%mgmn
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her side of the chromosome are called arms. The shape of
" the chromosomes is determined by the locatron of the:
centromere: The centromere has five zones. namely an inner
zone, two ntiddle zones, and two outer zonmes.” The ™
inner zoneis ¢lear containing a granule called kmosome. The ner&
‘middle region is formed of one or more Lhromomeres The
centromere has three functions: '




E}ccaﬂmnally, chmmnsnmes contain addumnal
cﬂnstnctmns other than the primary constriction. These are
called secﬂudmj: canﬂrmﬂaﬂs‘ These are constant in
p-.::smun The secondary constriction is sub-terminal in.
position. It differs from the primary constriction by the
absence of marked angular deviations of the chromosomal
segments. . These constrictions are often associated with the
formation of nucléolus. So these are refe.red to as nucleolar
organizers. The chromosomes with these stru::turﬂs ar:::- :
known as the nacleolar chromosomes.



= The small piece of chromosome located beyond the
secondary. constriction is called sarellire. It is a round,
elongated body and its diameter may be the same as that of
the other parts of the chromosome. Chromosomes with
satcllite are called 47T chromosomes (Sine Acido
Thymonucleinico). The satellites are usually single. But in
some cases théere may be two or more. | .
 Thetips of chromosomes are called telomeres (Muller,
1938). They determine the polarity of chromosomes. They
prevent the joining the ends of the adjacent chromosomes.

- The chromonemata are twisted around ohe another.
z?ch'chmmﬁnema 13 formed of about 8 microfibrils having
60:t0 100 A° thickness. Each microfibril is formed of two
double helices of DNA. A DNA strand is about 20 A° thick.

Tliﬂrlmr"' '.ﬁ-—.ﬂ-—a--—--ﬂ- mman 2d o ANl _
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sex chromosomes

Humans have 23 pairs of
chromosomes--22 pairs of
numbered chromosomes, called
autosomes, and one pair of sex
chromosomes, X and Y. Each
parent contributes one
chromosome to each pair so that
offspring get half of their
chromosomes from their mother
and half from their father.
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In vm*tchratﬁ thf: chmmnﬁumes can he gmuped unr.'ler
two groups. They are autosomes and allosomes. Amtosomes
are the somatic chromosomes. They are concerned with the
vegetative characters of the body. Allosomes are the sex
chromosomes. There are concerned with sex characters of
the body. They are two types of allosomes, namely X and ¥ .

The male of the most species contains XY chromosomes
and the female contains XX chromosomes. Generally oniy
one X chromosome is functionally active in an interphase cell.
If the cell contains more than one X chmmusnmﬂ, only ene
X chromosome becomes functional. All the other X
chromosomes become inactivated. This macnrajgﬂ_}’ _
chromosome is called sex-chromatin or Barr bﬂt{}'ﬂfﬂrrﬂr
Barr, 1940), | _ _



The diagrammatic representation of the chromosomes
or karyvotypes showing all the morphological features of ﬂ'.lt
E]‘I.l‘ﬂﬂlﬂﬂﬂﬂ‘iﬂﬂ of any Oorganism is termed idiogram. o

—

Funcmns of Chmm osomes

1. ThE:}r ::ﬂntrol the heredxty

2. The chromusnmﬂﬁ control ﬂTlE metabnhsm ﬂf 311
Drgamsm |

‘3. The hﬂtermhrﬂmatm hﬂlps 1n the furmatmn nf
nur.:lenlus --

4. Chromosomes control the dlffﬂrﬂntlﬂtlﬂﬂ nf‘
different characteristics of an organism.

5. Changes. in the position, number and the structur%
- of chrnmﬂsumes lead to the fﬂnnatmn uf‘ new species.



Speci‘af Tyj:res nf Chmmusmes 3

In addltlﬂn to the normal. tvpes of chromosomes,
speclal types of chromosomes with different structure, size?
shape and functions have been found in varied groups of
amimals . and plants.  These are very useful in cytogencetic
studies. The most important are giarif ckmmasﬂmes andl
smrﬂumﬂrnry clromosornes.

‘These are Excepuﬂna] l}r larg-:r chrnm{::scnmes_ Thew
are described as unusual chromosomes by A M. Wncﬁfsre%
The:re: are two types of giant chromosomes, namely polpren

c&rﬂmasamés and Jarrzp Brassh clhiromeoesomes..

:ﬁf‘ Polytene chmmmm&s

P{:lytf:ne chrﬂmﬂsﬂme;s have the fnllnw:ng sahf:nt features.
1.1t was discovered by Bﬂfb:ﬂﬂf in I881. '

2 It is found in the sali Ivary glﬂnd cells of L"h:rﬂnﬂm
“rarva. Hence it is also called .ssrf.rvﬂr;p gland chromosormes?

3.1t is a giant chromosorme. It is la:rger in size. -
example in ﬂrasaphzfﬂ me!aﬂﬂg;::r.s'rer it 1s ] U{.'l(} tlma_
larger than somatic chromosomes. - — . 8
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4. The larger size of the chromosome is due to the
presence of many longitudinal strands called ckromonemata.
‘Hence they. are alﬁo called po{;ﬂene chromam (many
- stranded). .

5. The ma:ny strands of the giant chromosome are
due to repeated division of the chromosome without the

cytoplasmic division. ThlS t}rpe of d1v151on is called_
endormitosis. v

6. The polytene chromosome contains two types
‘of transverse bands, namely dark bands and inter
bands. The dark bands are darkly stained.and the inter
bands are lightly stained with nuclear stains. The-dark
bands contain more DNA and less RNA. The inter bands
contain more RNA and les& DNA.

7. The Wands of polytene chromosomes become
enlarged at certain times to form swellings called puffs
or Balbiani rings. The formation of puffs: is called
puffing. - S e g e



Polytene chromosome.



~ . In the regions. of puffs the chromonemata uncoil and
open out to form many loops. Thus puffing is caused by the
uncoiling of individual chromomeres in a band. The puffs
indicate the site of active genes when mRNA synthesis takes

place. '

fterbels X554 Dack bands

Apuff - Loopsinpuffs

.. Poalytene chromosome.



}/Lamp brush chmmasomes |

The ia:mp brush chromosome has the following salient
features: - |

1. It was dlscnvered by Ruckert i 11:1 1892

2 B contains lateral loops and appears like a brush.
Hem:e the name lamp brush chromosome.

3. It is found in the oocytes of Sagitia, Sepm

Echinaster (Echmﬂderm) msectm aharks amphlblans
reptiles, and birds.

4. Itisa giant ckmmasame. It is large:r in size.
Hence itis called a gmtfhrﬂmas;rm :

_ 5. Each lamp brush chromosome émlsrsts nf a mmn
axis and many fﬂterﬂf Iﬂap.r .

6. The main axis of each Eh‘l‘ﬂl‘[‘lﬂﬁﬂmﬂ is fﬂnned of 4
chrﬂmamis



7. The main axis contains a series of ttuckenmgs called
chromomere.

8. Fx:orn .eacﬁ chromornere a paxr of lateral 100ps one.
on each snde. =

R A

Chromomers ™

Loops enlarged

Lamp brush chromosomes.



‘9. Each loop has an axial fibre. The axial fibre i$ the
continuation of the chromonexna of the mam axls. chce lt

contains DNA. I : o T T ‘
10. The axnal ﬁbre of‘the loop is Surrounded by a .
matrix. 'I'lwmatnxlsfonnedofRNAandpn)teins Thematnx |
 gives a fuzzy appearance. * - |
11. The synthesns’ ‘of protems and yolk takes place mn
the lateral loops. . ... _ B N S e

Chromosome axos ik
Chmmdmore " a Thin tlon
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Super nurmerary l‘.':‘hmm asamﬂs

Some plant and animal nu-::lﬂl,, POSSEsSs One or more
extra chromosomes, in addition to normal chromosomes.
They are called supernamerary chromosomes. These are
first discovered bw H‘i’!san{_l S0O5} 1 H.Eﬂi.l_rp.l_!ernn Ansect,
Metapodins terminalfis. They are smaller in size and
gEﬂEthﬂllF inert. They produce little phenotypic effect of
the organism in which they are found. These are relatively
unstable and they segregate irregularly af theiosis. Undergo
somatic non-disjunction and elimination. Their morphology
frequently changes through fragnlentau{}n in plants*_. the
supermumerary chromosomes are of un[-;n::m.-m origin.

Karyotype

A karyvorype rej’érs ro .t.-i-’:r.e entire ser of chromosomes
P?‘E'.'i-'ﬁ-'ﬂf irr ax cell _ _
- . The 23  pairs uf CilrﬂmDSﬂmEE of a human. cell
constittite a karyotype. Similarly the 4 pairs of chromosomes
nf ﬂ:e cell of a Dwrosophila constitute another karyotype.
= - The kﬂ:jrntype can be studied by photographing the -
metaphase chromosomes. The photograph shnwmg, the
chiromosoImes. of a cell is called idiograrr.



' Hﬂtrﬂmchﬂﬁmaﬂﬂ iz the rﬁ:?-.ﬁ.'fjp stained caﬂdensed
regions of chromosomes of the inte rphiase nuclens.

o Heterochromatin is assm:iateﬂ with 11g]11 folding and
m::hng of the chromosome fibie.l: o

7 The differential cﬂnd-ﬁ:nsat:lcrn observed in different

chifomosonmies or -::'E:fﬁ::rent rﬂgmrns nfchrnmnsﬂmes is called
: ﬁérﬂwpycnmh :
. Thé condensed clmnnsmne is Eﬂﬂﬂdmﬁ!ﬁm

"I"l‘he: non-condensced chmm-::-s-:::me is called emchromosorrie.
'F_I:m:: nor-condenséed t:hmmﬂt]n is called Euchram:uﬁ:.

SEt:nm:!:Eqr l;":ﬂ]:ISf.I':li:tlDE | S

mterm]m}rlmtemchmMin ' Prirtm.-rj.r constriction
' Structure of Freterochromatin.
- - - When compared to E:uc:hrﬂnmtm, h-e‘.terr-n:-c:hrﬂmatm 15
f.n:ﬁe.- replicating. : :
< - Heterochreanatin is mrefabolically inery.



