
¼ÛGÅ-Mãm-Aïm-yïP-(Genes (¤WÛmü )hP-¼ÛGÅ-Mãm-y-µμÅü (Chromosomes(;ô¼ô-¤ô-²ô¤ü) 
¼ÛGÅ-Mãm-y-µμÅ-hï-hG-mÛ-Ç~äzÅ-ym-(cells (Åï¾ü)HÛ-¿eï-GmÅ-ÅÞ-»ôh-qºÛ-^Û-Íïm-Íï-(DNA)hP-vÛ-h;¼-(protein(qô¼ô-‡Ûmü)HÛ-
Ç+Ýh-¼ÛP-n¤Å-»Ûmü 
¼ÛGÅ-Mãm-y-µμÅ-mP-¼ÛGÅ-Mãm-Aïm-yïP-»ôhü 
Ç~äzÅ-ym-GÅôm-qô-±P-¤ºÛ-¿eï-GmÅ-ÅÞ-Ç+Ýh-ºiºÛ-h‚ÛzÅ-Tm-ºGº-ÁÅ-»ôh-q-hï-hG-mÛ-¼ÛGÅ-Mãm-y-µμÅ-ŸïÅ-q-hï-»Ûmü ¤ÛºÛ-Ç~äzÅ-ym-¼ïºÛ-
mP-¼ÛGÅ-Mãm-y-µμÅ- 46 »ôhü 
¼ÛGÅ-Mãm-y-µμÅ-hï-hG-mÛ-^Û-Íïm-Íï-hP-vÛ-h;¼-¾Å-Iâz-q-»Ûmü- ^Û-Íïm-Íï-mÛ-Ç~äzÅ-ym-¾-z;ôh-‚ãÅ-GbôP-‚ïh-V-±P-GTÛG-»Ûmü z;ôh-
‚ãÅ-hïÅ-Ç~äzÅ-ym-¾-vÛ-h;¼-GP-z¸ô-hGôÅ-q-hï-zXôh-q-»Ûmü 
^Û-Íïm-Íï-»Û-V-lÝ¾-n¤Å-È-TP-¼ÛP-qô-»ôhü- ^Û-Íïm-Íï-»Û-V-lÝ¾-GTÛG-GÛ-mP-vÛ-h;¼-ºi-¤Ûm-¤P-qô-z¸ô-MãºÛ-z;ôh-‚ãÅ-»ôh-q-ŸÛG-¼ïhü 
vÛ-h;¼-¼ÛGÅ-GP-»P-¼ÞP-z-ŸÛG-z¸ô-Mã¼-z;ôh-‚ãÅ-GbôP-zºÛ-^Û-Íïm-Íï-»Û-V-lÝ¾-HÛ-V-ÁÅ-GTÛG-hï-¾-¼ÛGÅ-Mãm-Aïm-yïP-¸ï¼ü ¼ÛGÅ-Mãm-
y-µμÅ-¼ïºÛ-mP-¼ÛGÅ-Mãm-Aïm-yïP-¤P-qô-»ôhü 
vÛ-h;¼-HÛ-¼ÛGÅ-WÛ-ºi-z-ŸÛG-z¸ô-hGôÅ-qºÛ-z;ôh-‚ãÅ-GbôP-z-¾Åü ¼ÛGÅ-Mãm-Aïm-yïP-GÛÅ-Ç~äzÅ-ym-Ç+ô¼-HÛ-GmÅ-±ß¾-GP-»ôh-hP.ü 
Ç~äzÅ-ym-hïº‚ãP-ÅºÛ-BïÅ-hPôÅ-ˆÛ-Ç+ô¼-±P-¤-Gbm-ºzïz-‚Å-q-»Ûmü Eïh-ˆÛ-¼ÛGÅ-Mãm-Aïm-yïP-GÛÅ-Eïh-¼P-¤Û-z¸ô-z-¾Å-ŸÛ-¤Û-hP.ü ÇSô-
±ôh-=ô-¤-=ô-z¸ôÅ-¤ïhü hï-hG-GÛÅ--Eïh-ˆÛ-C-»Û-±ôm-¤hôG-hP-n-»Û-h‚ÛzÅ-ˆP-Gbm-ºzïz-‚ïh-q-»Ûmü hïÅ-Eïh-ˆÛ-z¸ô-h‚ÛzÅ-¤P-qô-ŸÛG-
mÅ- G¸ÞGÅ-qôºÛ-¼ÛP-±h-¿e-zÞ-¾ºP-ÁÝGÅ-Aïm-GP-¤±¤Å-ÁÛG-vôh-ˆÛ-»ôhü 
¼P-GÛ-G¸ÞGÅ-qôºÛ-Ç~äzÅ-ym-±P-¤ºÛ-mP-GÛ-¼ÛGÅ-Mãm-Aïm-yïP-n¤Å-GTÛG-q-»ôhü ºôm-ˆP-Eïh-ˆÛ-¼ÛGÅ-Mãm-Aïm-yïP-±P-¤Å-Ç~äzÅ-ym-Åô-
ÅôºÛ-mP-‚-z-‚ïh-ˆÛ--»ôh-q-ŸÛG-¤Ûmü- ¤ÛG-GÛ-±ôm-¤hôG-GÛ-fôG-bà-z;ôh-‚ãÅ-GbôP-zºÛ-¼ÛGÅ-Mãm-Aïm-yïP-¿e-zÞÅ-hqï¼-mü Eïh-ˆÛ-¤ÛG-GÛ-
M¾-¤ôºÛ-¤fº-»Û-ºWº-»Û-Ç~äzÅ-ym-GTÛG-qÞºÛ-mP-‚-z-‚ïh-q-»Ûmü ¼ÛGÅ-Mãm-Aïm-yïP-GTÛG-q-hï-hG-Eïh-¼P-GÛ-Ç~äzÅ-ym-GŸm-n¤Å-ˆÛ-
mP-¾-»ôh-ˆPhï-±ôºÛ-mP-hï-hG-GÛÅ-‚-z-GP-»P-‚ïh-ˆÛ-¤ïhü 
¤ÛºÛ-Ç~äzÅ-ym-n¤Å-ˆÛ-mP-hÝ-¼ÛGÅ-Mãm-Aïm-yïP-GÛ-¼ÛGÅ-Åô-ÅôºÛ-GZÛÅ-¼ï-»ôhü ¤ÛºÛ-Ç~äzÅ-ym-mP-GÛ-¼ÛGÅ-Mãm-y-µμÅ- 46 hï-hG-V-¤P-
qô¼-h‚ï-fÞz-q-»Ûmü ¤ÛºÛ-¼ÛGÅ-Mãm-y-µμÅ-¾-¼ÛGÅ-¤Û-ºi-z- 23 ®¤-»ôhü ¤ÛºÛ-Ç~äzÅ-ym-w¾-Vï-zºÛ-mP-¼ÛGÅ-¼ï-¼ï-mÅ-GZÛÅ-¼ï-»ôhü  
V-¤fÞm-GTÛG-GÛ-¼ÛGÅ-Mãm-y-µμÅ-GZÛÅ-¼ï-¾-¼ÛGÅ-¤fÞm-HÛ-¼ÛGÅ-Mãm-y-µμÅ-Å¤- ‘Èô-¤ô-¾ô-G-ÅÛ- ;ô¼ô-¤ô-²ô¤ü’ (Homologous 
Chromosomes)¸ï¼-z-»Ûmü hï-hG-GÛ-¼ÛP-±h-hP-¤Z¤-hÝ-GmÅ-Å-GTÛG-¾-¼ÛGÅ-Mãm-Aïm-yïP-¼ÛGÅ-GTÛG-q-n¤Å-»ôh-q-»Ûmü 
‚Å-®P-Eïh-¼P-¾-¼ÛGÅ-Mãm-Aïm-yïP-¼ÛGÅ-GTÛG-GÛ-GZÛÅ-»ôhü 
 

hq¼-¼ÛÅ- 66-1 ¤ÛºÛ-¼ÛGÅ-Mãm-y-µμÅ-±ô-DG-GTÛG-¾-JÀôG-lÝ¾-y-¤fôP-Vï-
Áï¾-mÅ-ŸÛz-y-hrh-qºÛ-hq¼-»Ûmü ¼ÛGÅ-Mãm-y-µμÅ-¼ï-mÛ- ‘;ô¼ô-¤ï-‡Û^-’ 
(Chromatids)ŸïÅ-qºÛ-Ç+Ýh-q-GZÛÅ-ˆÛÅ-z¸ôÅ-q-GP-ŸÛG-hï-GZÛÅ- 
‘Åïm-‡¼ô-¤ÛÍ¼-’(Centromere)ŸïÅ-qºÛ-Çoï-¸Þ¼-ŸÛG-¾-¤Z¤-¢ô¼-»ôh-q-

»Ûmü ¼P-GÛ-Ç~äzÅ-
ym-n¤Å-ˆÛ-¿eï-z¼-
¼ÛGÅ-Mãm-y-µμÅ- 
46 ¼ï-»ôhü 
 

 
 



hq¼-¼ÛÅ- 66-2 y-ÆÛm-¾-Bå¼-µμÅ-ˆÛÅ-zTôÅ-q-¾Å-Ç~äzÅ-yºÛ-HP-hï-Z¤Å-LÝh-GbôP-z-»Ûmü hï-mÅ-hï-ZÛh-VßºÛ-mP-zTßG-Çeï-ºfô¼-hÝ-
zTßG-q-»Ûmü Ç+Ýh-Åï¼-¼ÛP-qô-hï-hïºÛ-^Û-Íïm-Íï-¼ïhü ^Û-Íïm-Íï-hïºÛ-¼ÛP-±h-Eôm-zÇkô¤Å-mÛ-¤Û-¾Û-¤Û-‡¼- 1-5 ®¤-hP.ü Ç~äzÅ-ym-HÛ-¼ÛP-
±h-hï-ºi-ÇeôP-®¤-»ôhü 
 
 
 
 

hq¼-¼ÛÅ- 66-3 BïÅ-q-¤ôºÛ-¼ÛGÅ-Mãm-y-µμÅ-n¤Å-V-¤fÞm-fôG-OÛG-q-»Ûmü 
Ç~äzÅ-y-ºwï¾-zŸÛm-qºÛ-¼ÛGÅ-Mãm-y-µμÅ-n¤Å-ºôh-ˆÛ-y-¤fôP-Vï-Áï¾-zïh-uôh-‚Å-bï-
ºi-hq¼-ºhÛ-hG-zMzÅ-q-»Ûmü- hïÅ-¼ÛGÅ-Mãm-y-µμÅ-n¤Å-PôÅ-º²Ûm-fÞz-q-hP.ü 
hï-±ôºÛ-hq¼-n¤Å-zB¼-OÛGÅ-‚Å-bï-xôGÅ-zÇkÝÅ-‚Å-qºÛ-hq¼-ºhÛ-z¸ôÅ-q-»Ûmü 
¼ÛGÅ-Mãm-y-µμÅ-GZÛÅ-¿km-HÛ-V-¼ï-¾-¼ÛGÅ-¤fÞm-HÛ-¼ÛGÅ-Mãm-y-µμÅ-
(Homologous Chromosomes) ¸ï¼-z-¼ïhü 
 
 
 
 
GENES AND CHROMOSCMES 

Chromosomes are long threads of DNA and protein, found in the nucleus of a cell. 
Chromosomes contain genes 

In the nucleus of every living cell are several thread-like structures called chromosomes. Human 
cells each contain 46 chromosomes. 

Chromosomes are made of DNA and protein. The DNA is a set of instructions to the cell. These 
instructions tell the cell what proteins to make. 

The DNA molecules are very long. A DNA molecule may contain instructions for many different 
proteins. A section of a DNA molecule which gives instructions for making any one kind of protein 
is called a gene. Each chromosome contains many genes. 
By giving instructions for which kinds of proteins to make, genes determine all sorts of things 
about a cell, and about the organism in which the cell is found. Your genes make you a human 
being, rather than a cat or a tomato plant. They determine the colour of your hair and the shape of 
your nose. They have some effect on many of your other features, such as your height. 
All the cells in your body have the same genes inside them. But not all your genes are active in 
every cell. The genes which give instructions for your eye colour, for example, arc only active in 
the cells of the irises of your eyes. These same genes arc in all your other cells, but they do not do 
anything there. 
Human cells contain two of each kind of gene 

The 46 chromosomes of a human cell can be sorted into pairs. There arc 23 kinds of human 
chromosome. Almost all human cells contain two of each kind. 

The two chromosomes of a ‘matching pair‘  are called homologous chromosomes. They contain the 
same kinds of genes in the same places along their length. So you have two of each kind of gene. 



Fig. 66.2 This bacterium was treated with an enzyme which weakened its cell wall. lt was then put 
into water, which made it burst. The long yellow thread is its DNA. The total length of the DNA is 
about 1.5 mm - 1000 times the length of the cell. 
F 66.3 The chromosomes of a human female, arranged in their matching pair Photographs were 
taken, using a light microscope, of the chromosomes in a dividing cell. The chromosomes were 
then identified and their pictures rearranged, to make this composite picture. The two chromosomes 
of a pair arc said to be homologous chromosomes. 
Fig. 66 1 A scanning electron micrograph of a group of human chromosomes. Each chromosome s 
made up of two strands called chromatids, joined together at a point called the centromere. There 
arc 46 chromosomes in the nucleus of each of your cells. 

 
Different types of the same gene are called alleles 

One kind of gene determines whether or not your skin can make the brown pigment melanin. There 
are two types of this gene. One type gives your skin the ability to make melanin. The other does not. 
The two types are called alleles. Alleles are the different types of the same gene. Alleles are always 
found in the same position on a chromosome. 

Imagine that the melanin gene is found near one end of chromosome 11. You have two 
chromosomes us in each cell, so you have two melanin-making genes. 

Let us call the allele which allows you to make melanin M and the allele which does not allow you 
to make melanin m. Your two melanin-making genes could be: 

MM or mm or Mm. 
If your cells contain the alleles MM, then you can make melanin. lf they contain the alleles mm, 
then you cannot, People with the genotype mm are albino. They have no melanin in their skin or 
hair. They have to be very carefu1 in sunlight, which may hurt their eyes or damage their skin. 

But what if your cells contain one of each allele, Mm? Can you make melanin in some bits of your 
skin? Or just make a little melanin? In fact, someone with the genes Mm can make melanin just as 
well as someone with the genes MM. This is because the allele M is a dominant allele. If this allele 
is present, it has its effect. The allele m is a recessive allele. It can only have its effect if the allele 
M is not present. 
Your genotype affects your phenotype 

The genes you have in your cells make up your genotype. Your genotype for the melanin genes 
might be MM, mm or Mm. 

These genes affect your phenotype. Your phenotype is your observable features. The part of your 
phenotype which is affected by the melanin alleles is your ability make melanin. Either you can, or 
you can‘t. 
If your two melanin alleles are the same, you are said to be homozygous for these alleles. The two 
genotypes MM and mm arc homozygous. If the two alleles are different, then you are heterozygous. 
The genotype Mm is heterozygous. 

One chromosome 
F 66 4 Each one of a pa of homologous chromosomes carries the same genes at the same position 
Each chromosome s made up of a pair of chromatids joined by a centromere. 
Fig 66.5 The three possible genotypes for the ability to make melanin. 

 



 
 

 
INHERITING GENES 
 
Gametes have one of each kind of gene 

You saw in Topic 36 that gametes (eggs and sperms) have only 23 chromosomes. This is so that 
when they join together at fertilisation, the zygote which is produced ends up with 46 chromosomes. 

A human gamete containes one of each of the 23 kinds of chromosome. So gametes only have one 
of each kind of gene. They are known as haploid cells. Haploid cells are ceils with one of each kind 
of chromosome. Your body cells, which have two of each kind of chromosome, are called diploid 
cells. 

Think about a man who is heterozygous for the melanin making gene. His genotype is Mm. In his 
testes, cells divide to form sperms. When one of these sperm-producing cells divides, half of its 
chromosomes go into one sperm cell, and half into another. The chromosome carrying the M gene 
will go into one sperm cell, and the chromosome carrying the m gene into another, 

There will be many sperm-producing cells dividing like this. All of them have the genotype Mn. 
Many sperms will be made. Half of the sperms will contain the M gene, and half the m gene. Of the 
hundreds of thousands of sperms made in the man‘s testes, half will have the genotype M and half 
the genotype m. 

Chance decides which gametes meet each other 
lf this man‘s partner is albino, will their children be albino or not? 

Her genotype must be mm. So when the cells in der ovaries divide to from eggs, all eggs will have 
the same genotype. They will all get an m gene.  

You can write down this information like this. 
Parents‘ phenotypes Normal male Albino female 

 
 


