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DNA Note 2: Chromatin, Chromatids, Homologous 
Chromatids, Sister-Chromatids, and X-shaped Chromosomes 
(where an “X-shaped Chromosome” is a conjoined pair of ‘1n’ Sister-Chromatids in Mitosis and Meiosis).   

 
Glossary 
 
 
Centriole Centrioles are paired barrel-shaped organelles located in each centrosome. 

The centrioles will extend “spindles” to grab hold of the kinetochores of 
sister-chromatids, and during Anaphase the spindles will pull individual 
chromatids apart (one sister to one end of the cell, and the other sister to 
the other end of the cell).    

 

                                                           
 
Centromere The centromere is a sequence (in the DNA of a chromatid-chromosome) 

at which a pair of sister-chromatids will become linked during Mitosis. 
(The centromeres are shown in light blue in the diagramme below).  

 

                                                                                       
 
Centrosome It is the centrosome (an organelle in the cytoplasm of a cell) that contains 

the two centrioles (the objects that look like red tubes above) that will 
extend their ‘spindles’ to attach the spindles to the kinetochores that are 
attached to the centromeres. (When I teach my grandchildren GCSE 
Biology, I liken a Centrosome with its Centrioles to an octopus and its 
tentacles. That gives them something that they can visualise.) 
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Chromatid When Chromatin fibre condenses into a very compressed format, then it 
forms a chromatid-chromosome (or chromatid). Every chromatid will be 
from either the individual’s mother (maternal chromatid) or from the 
individual’s father (paternal chromatid).  

 

                                           
 

Chromatin Chromatin is a long strand/a long sequence of DNA wrapped twice around 
histones and compressed into nucleosomes.  

 
Chromosome When biologists talk about “chromosomes” they are referring most often to 

i)  chromatid-chromosomes, but they could also be referring to  
ii)  homologous chromosomes (cf. below) 
iii)  sister-chromatids (cf. below), or to 
iv) X-shaped chromosomes. 
(Biologists to be more rigorous in their terminology.)  
 

Cohesin is a protein complex (a bit like ‘glue’) that holds together two duplicated 
chromatids in a pair of X-shaped sister-chromatids. Cohesin glues 
replicated sister chromatids together until they are split apart in Anaphase. 

 
Differentiation  is the process by which unspecialised cells become specialised into heart 

cells/lung cells/liver cells/kidney cells/etc1. Differentiation in cells allows a 
single zygote to grow into different sorts of body/somatic cells such as 
heart cells/lung cells/kidney cells/etc, whereas it is Mitosis that allows one 
heart cell to grow into two heart cells and then into 2n heart cells (or else it 
allows a lung cell to grow into 2, 4, 8, ….. , 2n cells). 

 
DNA DeoxyriboNucleic Acid is an helical structure of a double backbone made 

up of (i) a Phosphate Group coupled to (ii) a Ribose sugar molecule, 
linked to (iii) one of the four Nitrogenous bases: Adenine (A), Thymine 
(T), Cytosine (C), and Guanine (G). DNA is a crucial substance in all 
living things (and even in viruses, either DNA or RNA is involved). 

 

 
1 The ‘stem cells’ of an embryo are said to be “pluripotent” i.e. they can develop into any cell in the body: 
https://www.yourgenome.org/facts/what-is-a-stem-cell . 
 

The US NLB has labelled the 23rd set 
of homologous-chromosomes as 
“sex” chromosomes. They are not 
“sex” chromosomes. They will not 
allow you to perform any ‘better’ at 
sexual intercourse. The 23rd set of 
homologous chromosomes are 
GENDER chromatid-chromosomes.  
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Gametes  are a human being’s reproductive cells. Female gametes are called ova or 
egg cells (ovum is the singular form, and ova is the plural), and male 
gametes are called sperm cells. “Sperm” is short for “spermatozoon” (the 
plural for which is “spermatozoa”). 

 
Homologous Chromosomes A maternal chromatid and a paternal chromatid together make up a pair of 

homologous chromatid-chromosomes. There are 23 such pairs of 
homologous chromosomes in every diploid cell (cf. above). 

 
Kinetochore A kinetochore is a protein structure that attaches to the centromeres in 

sister-chromatids. Spindles from Centrioles (located one at each end of the 
cell) will then attach to the kinetochores and, during Anaphase, the 
spindles will pull apart the Chromatids in the sister-chromatids  –   one 
sister to one end of the cell, and the other sister to the other end of the cell. 
It is because of this that, by the end of Telophase, there will be a complete 
set of 23 pairs of homologous chromatids at one end of the cell  and 
another set of genetically identical 23 pairs of homologous chromatids at 
the other end of the cell. THAT is what Mitosis is all about viz. the growth 
(or the repair) of tissue and organs by the increase in the number 
genetically identical cells in the tissue or organ.  

 
Nucleosome Chromatin fibre wrapped twice around a histone and then compressed into 

a package of eight of such histones is called a nucleosome. Chromatin fibre 
in this form is often likened to ‘beads-on-a-string’.   

 
Ploidy 
 
The “Ploidy” of a cell indicates the number of sets of DNA present in a cell. For human beings, 
‘1n’ means that there is one set of 23 (maternal or paternal) chromatids present e.g. as in egg cells and sperm cells.  
‘2n’  means that there are two sets of chromatids present (maternal and paternal): 2 x 23 = 46 chromatids. 
‘4n’  means that there are FOUR sets of chromatids present (2 maternal and 2 paternal): 2 x 46 = 92 chromatids,  
and ‘4n’ will be the ploidy when replication/duplication has occurred in Mitosis. 
 
 
Sister-Chromatids When a Chromatid is replicated, then a genetically identical chromatid will 

be formed. In the Prophase of cell division, the two sisters are joined 
together by kinetochores at their centromeres. 

                                                            
Source: bioninja 

 
 
X-shaped Chromosomes A pair of sister-chromatids i.e. a chromatid (maternal or paternal) and its 

replicated/duplicated chromatid joined together by kinetochores at their 
centromeres form an X-shaped chromosome (cf. above) 
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Source: NIH (US National Institutes of Health) 

 
 

     
 
 
 
 
 
 
 
 
 
 
 
 
 
DNA is a double-stranded helix of nucleotides consisting of a phosphate group/a deoxygenated ribose sugar molecule/and 
one of the four bases Adenine (A), Thymine (T), Cytosine (C) and Guanine (G). A always goes with T, and C 
always goes with G). DNA provides the basis of all genetic inheritance and accounts for the individuality of every 
member of a species. 
 
 
 

Chromatin consists of DNA wrapped 
twice around individual proteins called 
histones  –  and then 8 histones put 
together make up a nucleosome. A long 
strand of DNA packaged into 
nucleosomes is what constitutes 
CHROMATIN. 

<––This is a long strand of ‘uncondensed’ 
Chromatin fibre. This is how DNA exists 
normally (i.e. for 90% of its life). 

Here we have a pair of HOMOLOGOUS Chromatid-Chromosomes 
i.e. one maternal chromatid and one paternal chromatid ––> 

This gives an X-shaped CHROMOSOME that contains 
both maternal and paternal DNA. Please do not confuse 
this pair of ‘2n’ Homologous Chromosomes (i.e. a pair of 
maternal and paternal Chromatids) with an X-shaped 
conjoined ‘1n’ “Sister-Chromatid” i.e. a pair of EITHER 
maternal OR a pair of paternal Chromatids, THIS being 
the “X-shaped chromosome” of Mitosis and Meiosis. 
 
 

8 histones with DNA wrapped twice 
around each histone constitutes one 
NUCLEOSOME.  

<––Histones with DNA wrapped 
around them and packaged into 
Nucleosomes is what many Biologists 
describe as “beads-on-a-string”.  

A section of DNA that begins with a “Start” 
codon (or instruction) and ends with a 
“Stop” codon and codes for a characteristic 
(such as height/hair colour/etc) that defines 
every individual human being/animal/plant 
on Earth is what constitutes a GENE . 
 
It is our genes that make us who and what 
we are. Every human being who has ever 
lived/who is currently alive/and who will 
ever live is genetically unique. 

Pairs of chromatid-chromosomes are classified by their size alone. The 
largest pair is given the label “1”, and the smallest “22”. The 23rd  set of 
chromatid-chromosomes are the X (for females) and the Y chromatid-
chromosomes for males. 
 
There is a great deal more information stored in a female ‘X’ chromatid-
chromosome than there is in a male ‘Y’ chromatid-chromosome. 
Genetically therefore, females are MUCH more important than males. 

If a zygote has two ‘X’ chromosomes, then the new human being will be a female, and if the zygote has an ‘X’ 
chromosome and a ‘Y’ chromosome, then the new human being will be a male. In the vast bulk of animals the females 
of the species are homogametic and the males are heterogametic, but that is not the case for moths and butterflies. 
 
 

Normal human body cells contain 22 pairs of homologous chromatid-chromosomes) and one 
pair (the 23rd pair) that codes not for “sex” but for GENDER. Gender chromatid-chromosomes 
do not code for whether or not you can satisfy your partner during sexual intercourse. Gender 
chromatid-chromosomes code for the gender of an animal or a plant. (It is rather unsatisfactory  
when scientists seem not to be able to write simple English correctly.) 
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DNA exists in four forms [and I shall here (for the sake of clarity later) make a deliberate over-simplification] 
- Chromatin which is a long strand of DNA wound around histones and packaged into nucleosomes  –  (and 

Chromatin is often likened to beads-on-a-string) and DNA exists as Chromatin for the vast bulk of its life  
- Chromatid-chromosomes (which I shall shorten to “chromatids”). A chromatid is the condensed form of 

chromatin, and it consists of the DNA from just one of the individual’s parents i.e. either the mother’s DNA 
or the father’s DNA (cf. the NLB diagramme on page 1). 

- Sister-chromatids (cf. diagramme on page 3) that consist of a chromatid and its (same parent) duplicate 
joined together at the kinetochore of a centromere thus forming the shape of an “X”, and  

- Homologous chromosomes that consist of a pair of chromatids (one from the mother of the individual, and 
the corresponding one from the father of the individual). 

 

 
Source: Getty Images 

 
These are deliberate over-simplifications  –  but they will prove helpful when we start to grapple with the 
distinctions between Mitosis and Meiosis. 
 

 
 
Homologous Chromatids (one maternal and one paternal) 
 
Many scientists give the name “X-shaped Chromosome” to paired non-sister Chromatids (cf. diagramme below) such as  

a Number 1 Maternal Chromatid paired with a Number 1 Paternal Chromatid, or 
a Number 2 Maternal Chromatid paired with a Number 2 Paternal Chromatid,  
……….. and so on until 
a Number 23 Maternal Chromatid paired with a Number 23 Paternal Chromatid  

–  but I find it confusing when they do so. I would reserve the term “X-shaped chromosome” only for a pair of 
conjoined ‘1n’ Sister-Chromatids (either maternal or paternal, whichever is the case) where they are joined 
together at the kinetochore of a centromere. 

 

 
It will be helpful to understand PMAT (Prophase/Metaphase/Anaphase/Telophase and then Cytokinesis) 
in Mitosis and Meiosis (the subject of a later Note on the Cell Cycle) by first understanding the phrase 
“sister chromatids”. 
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DNA exists as Chromatin (i.e. a long strand of condensed beads-on-a-string DNA) for most of its life  –  
and it has to be in this form to allow easy access to different stretches of DNA for processes such as 
Transcription/etc. It is in Interphase of the Cell Cycle that Chromatin is duplicated/replicated and starts to 
be condensed (and then becomes visible under a powerful light microscope). The result is that there will be 
two sets of 23 maternal (2 x 23 = 46 maternal Chromatids) and two sets of 23 paternal (2 x 23 = 46) 
Chromatid-Chromosomes. In other words, there will now be (46 + 46 =) 92 Chromatids in the cell. 
 
        The original set of maternal and paternal Chromatids       The duplicated set of maternal and paternal Chromatids 

                           
Source: The US National Library of Medicine 

 
After duplication/replication, there will be 92 Chromatids in the cell, but they are NOT grouped as above. 
Instead they are physically grouped in pairs:  

The Original Maternal Chromatid 1 will be joined at the kinetochore of a centromere to the Duplicated Maternal Chromatid 1  
The Original Maternal Chromatid 2 will be joined at the kinetochore of a centromere to the Duplicated Maternal Chromatid 2  
…… and so on for all the 23 Chromatids  –  and the conjoined Chromatids are now referred to as “sister-chromatids”.  

 
 

 
 

Source” Wikipedia at https://en.wikipedia.org/wiki/Sister_chromatids 
As we shall see in a Note on Cell Division, it is not “impossible” to understand Mitosis and Meiosis 
without understanding what it is that the ‘spindles’ of the centrioles are pulling apart  –  but it is much 
easier to understand the different stages of PMAT (Prophase/Metaphase/Anaphase/Telophase and then 

In Interphase, after replication there will be 23 
pairs of  maternal sister-chromatids (2 x 23 = 46 
maternal chromatids), and 23 pairs of paternal 
sister-chromatids (2 x 23 = 46 paternal 
chromatids) to give 92 chromatids in total. 

As we shall see in Note 3, in the 
Anaphase of Mitosis, the sister-
chromatids will be separated, and after 
Cytokinesis, there will be two cells 
each of which has a complete set of 23 
homologous chromosomes and the 
original cell will have become two 
genetically identical cells. 

Original Maternal Chromatid 1 and  
Original Paternal Chromatid 1  
will form Homologous Chromatid-Chromosomes. 

In a normal cell there are 2 x 23 = 46 chromatids (23 
maternal and 23 paternal chromatids). When the cell is 
replicated there will be 2 x 46 = 92 chromatids  
(46 chromatids and another 46 sister chromatids). In the 
Prophase of Mitosis, two centrosomes will position 
themselves one at one end of a cell and the other at the 
other end. The centrioles in the centrosome will then send 
out “spindles” to grab hold of one set of 46 chromatids, 
and in Anaphase pull them to one end of the cell while 
the other grabs hold of the other set of 46 and pulls them 
to the other end of the cell. In Telophase, the cell then 
splits into two, and after Cytokinesis two genetically 
identical cells will have been created. 
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Cytokinesis) if the reader knows what it is that is being pulled apart in Mitosis, or what it is that is being 
pulled apart in Meiosis. 
 
In DNA (Note 3, Mitosis and Meiosis) I will talk about the two different ways that cells replicate and 
divide, but in advance I will tell you that  
 

Mitosis concerns itself with the genetically identical replication of a body/somatic cell for the 
purposes of growth or repair,  
 
whilst 
 
Meiosis concerns itself with the production of a haploid gamete cell from a diploid germ cell. 
 

 
“Ploidy” is a term that refers to the number of complete sets of chromosomes in a cell, therefore 
 
Diploid  cells in animals (“di” in Greek indicates “two”) have two sets of chromatids, one set from the 

mother of the individual and one set from the father. It is the Mathematics of Permutations and 
Combinations (in Probability) and something called ‘crossing-over’ or “recombination”) in gene 
exchange in sexual Reproduction that causes every single animal to be unique. There are 8 
billion human beings (let alone other sorts of animals) on the planet currently, and there will be 
10 billion in the middle of this century, and apparently another 100 billion have already lived 
and died since Homo Sapiens evolved some 200,000 years ago   –  and no two human beings 
have ever been exactly the same nor will they ever be exactly the same! Somatic (also called 
body) cells are diploid and this is indicated by giving them the label ‘2n’. Please click on the 
web-links that I have inserted. The US National Human Genome Research Institute is one of the 
most trustworthy Biology websites that you can go to in Biology (albeit that American English 
can be very different from English English). 

 
Haploid cells have only one set of chromatids in them and this is indicated by giving them the label ‘1n’ 

(‘1n’ indicated the cell’s ploidy). This means that when a bacterium splits and divides into two 
bacteria, then the resulting two bacteria have a set of genes that are identical to the set in the 
original bacterium. There is no genetic variation involved. There is no genetic “crossing-over” 
or “recombination” involved.  

 
A gene is a sequence of DNA that begins with a “start” instruction (called a ‘codon’) and ends with a 
“stop” codon. It is a “gene” if it is the code for a particular trait such as the colour of a person’s eyes, or 
whether that person is slender and graceful like a ballerina or big and stocky like a rugby player. (It is my 
impression that there is no gene for intelligence  –  otherwise people such as Albert Einstein or Stephen 
Hawking would have had children who were geniuses.) Since most cells in an animal and a plant are 
haploid (‘2n’), the maternal and the paternal chromosome will have genes at roughly the same ‘loci’ (the 
plural of ‘locus’ the Latin word for place) e.g. the ‘gene’ for hair colour will be at a given place on a pair 
of homologous chromatids, but maternal chromatid may code for blonde while the paternal chromatid 
may code for black. Scientists distinguish the two genes by calling them “alleles” i.e. variants in genes. 
The gene will code for hair colour, but the allele will code for a particular colour (blond/red/black/brown/ 
whatever), and the manifestation of the allele is called the phenotype. The phenotype will be determined 
by which of the alleles (maternal or paternal) was dominant and which was recessive.   
 
The next Note in this series will be on Mitosis and Meiosis (and a subsequent Note will be on Genes). 
 


