
3.2 – CHROMOSOMES 
   

PROKARYOTIC AND EUKARYOTIC CHROMOSOMES 

 

Prokaryote Eukaryote 

Circular chromosome Linear chromosomes 

One chromosome 
Many chromosomes 

(23 pairs = 46 total in humans) 

Naked no protein) Histone proteins / nucleosomes 

Plasmid X 

 

 

 

DEFINITIONS 

 

Cells can be somatic cells or gametes: 

  Somatic cell = A “body” cell 

o Includes skin cells, neurons, blood cells, muscle cells, etc. 

o Somatic cells are (usually) diploid 

  Gamete = A “sex” cell 

o Sperm (in males) and eggs/ova (in females) 

o Gametes are haploid 

 

Cells can be diploid or haploid: 

  Diploid = When a cell has two copies of each chromosomes  

o Normal for somatic cells  

  Haploid = When a cell has one copy of each chromosome  

o Normal for gametes (sperm + egg)  

 

Chromosomes can be autosomes or sex chromosomes: 

  Autosomes = Chromosomes which do not code for sex  

o In humans, these are chromosomes number 1 to 22  

  Sex chromosomes = Chromosomes which code for sex 

o In humans, these are chromosomes X and Y 

 



CHROMOSOME NUMBER AND TYPE 

 

Chromosome number = How many chromosomes a typical cell has in an organism 

  This is usually a diploid number in animals 

  Chromosome number is a defining feature of a species 

o All normal members have the same chromosome number 

 

You need to be able to put the following organisms in order by chromosomes number: 

Most chromosomes 

Dog = Canis familiaris 

Chimpanzee = Pan troglodytes 

Human = Homo sapiens 

Rice = Oryza sativa 

Roundworm = Parascaris equorum 

Least chromosomes  
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  Humans have 46 chromosomes  

o Two each of 23 types  

o One from each pair came from each parent (one from mom, the other from dad) 

 

  Of the 23 types of human chromosomes: 

o 1-22 are autosomes  

o X and Y are sex chromosomes  

 X-chromosome is much larger than the Y-chromosome (and has more genes) 

 Having a Y-chromosome makes an embryo develop as a male 

 XX = Female 

 XY = Male 

 Sperm can have an X or Y, but eggs always have an X 

 

 

https://ib.bioninja.com.au/standard-level/topic-3-genetics/32-chromosomes/chromosome-number.html


GENOME AND GENE NUMBER 

 

Genome = The number of base pairs in an organism’s DNA 

  Includes coding (genes) and non-coding (satellite) DNA 

  Includes introns and exons 

 

Gene number = How many genes an organism has 

  How many genes there are in an organism’s genome 

 

Genotype = Which alleles of a gene an organism has 

 

Chromosomes are usually arranged from longest (most base pairs) to shortest (least base pairs) 

o Chromosome length is correlated with, but not have to be linked to gene number 

 Usually, bigger chromosomes have more genes, but not always 

Cairns was the first person to measure the length of DNA molecules 

  He used a method called “autoradiography” 

o Did DNA replication using radioactive thymine, which could be detected on 

photographic film 

 

In general, for genome size:   

o Viruses < Bacteria < Animals < plants  

 

You need to be able to put the following organisms in order by genome size: 

Largest genome (most base pairs) 

Plant = Paris japonica 

Human = Homo sapiens 

Fruit fly = Drosophila melanogaster 

Bacteria = Escherichia coli 

Virus = T2 phage 

Smallest genome (least base pairs) 
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https://ib.bioninja.com.au/standard-level/topic-3-genetics/32-chromosomes/genome-size.html


CHROMOSOMES DURING CELL DIVISION AND REPRODUCTION 

 

Mitosis = Cell division making two daughter cells, each with the same number of chromosomes 

  Used for making somatic cells  

  1 diploid cell divides to form 2 diploid cells 

 

Meiosis = Cell division making four daughter cells, each with the half the number of chromosomes 

  Used for making gametes  

  1 diploid cell divides to form 4 haploid cells  

 

Fertilization = When two haploid gametes fuse  

  Haploid sperm  +  haploid egg  =  diploid zygote 

 

Zygote = A fertilized egg cell; the first embryonic stem cell that could grow into a full human 

 

 

  To prepare for cell division (mitosis and meiosis), DNA is replicated during interphase 

o During DNA replication, all chromosomes go from having one chromatid to having two 

o Chromatids that are held together by the centromere are called sister chromatids 

 

 

CHROMOSOME STRUCTURE 

 

Centromere = A ball of protein in the ‘middle’ of the chromosome 

 

Chromatid = An "arm" of a chromosome  

  Each chromatid is made of one molecule (double helix) of DNA 

  Once chromatids have been separated in mitosis/meiosis, they will be called chromosomes 

 

Sister chromatid = Two identical chromatids of one chromosome held together by one centromere  

 

Homologous chromosomes = Chromosomes of the same type in a diploid cell 

   All somatic cells have homologous pairs of each chromosome (one from mom, one from dad) 

  Homologous chromosomes always have the same:  

o Length / size / number of base pairs 

o Genes in the same loci  

o Banding patterns  

o Location of centromere  

  Homologous chromosomes: 

o May have different alleles  

 So, they can have slightly different base sequences 

o Have different origins: one is from mom, one if from dad  



  DNA replication makes each chromosome go from one chromatid to two sister chromatids  

 
                 Image from: EasyNoteCards 

 

  Mitosis splits sister chromatids  

 
 

                 Image from: Wikiversity 

 

  Meiosis splits homologous chromosomes, the sister chromatids  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                             Image from: Quora 

 

https://www.easynotecards.com/notecard_set/89424
https://en.wikiversity.org/wiki/Overview_of_Cell_Biology/Mitosis
https://www.quora.com/How-many-divisions-happen-in-meiosis


NON-DISJUNCTION 

 

Non-disjunction = When sister chromatids or homologous chromosomes fail to separate 

                                  during meiosis 

  So, gametes are made that have either one missing (0) or one extra (2) chromosome 

  So, fertilization leads to a zygote has one missing (1) or one extra (3) chromosome 

 

  Non-disjunction usually leads to death of the zygote/embryo 

 

  Down syndrome is caused by trisomy 21 

o Non-disjunction of chromosome 21 causes a gamete to have an extra chromosome 21 

 Gamete has two 2 instead of 1 

o Fertilization means the zygote will have an extra chromosome 21 

 Zygote has 2 instead of 2 

 

Trisomy = Having three of a chromosome 

 

 

 

 

  



KARYOTYPING 

 

Karyotype = The characteristics of a chromosome 

   Including chromosome length, banding pattern, location of centromere, etc. 

 

Karyogram = A picture of chromosomes organized by their karyotype, with chromosomes in their 

                        homologous pairs arranged from biggest to smallest, with sex chromosomes last 

 

  Karyotyping is the process of making a karyotype  

 

  A karyotype can be used to determine: 

o Gender  

 XX = Female  

 XY = Male  

o Chromosomal abnormalities  

 Nondisjunction  

 Down Syndrome caused by trisomy 21  

 

 

 

                           
Karyogram 1) Shows a normal male (XY)                                            Karyogram 2) Shows a female (XX) with 

                                                                                                                                       down-syndrome (trisomy 21) 

 


