


B5: Growth and development 

How do organisms develop?

Cell specialisation

A zygote (fertilised egg cell) is a structure that forms when a sperm fertilises an egg.
The zygote then divides many times b mitosis to form an embryo.
The first division of the zygote forms two, then four then eight…etc.
They zygote contains instructions for making all the different types of cells in the body in the DNA- the chemical your genes are made of.

Sperm + egg cell  (fertilisation  zygote  mitosis  embryo

Up to the eight-cell stage, all of the cells are identical and are embryonic stem cells and could produce any type of cell required by the organism.
Each cell contains an exact copy of the original DNA. 
In multicellular organisms, cells can be specialised to do particular jobs.
It is possible for these cells toe develop into any other specialised (a cell adapted to a particular job) cells.
However, one the embryonic stem cell becomes specialised they can’t change into any other type of cell.

After the eight cell stage, most of the embryo cells become specialised and form different types of tissue that the embryo needs.
A group of specialised cell is called a tissue.
We have muscle tissue, nervous tissue, and fatty tissue.
Bone, cartilage and blood are also tissues.

As an animal embryo or plant grows, groups of tissues arrange themselves into organs.
For example the heart and brain in humans and roots leaves and flowers in plants.
The heart is made up of muscle tissue, nervous tissue and some fatty tissue.
A leaf is an example of a plant organ.

Some cells (adult stem cells) remain unspecialised and can become specialised at a later stage to become many but not all types of cell required by the organism.

Cell specialisation in plants

In plants, only cells within special regions called meristems are mitotically active (divide by mitosis).
Meristem cells are found in plant tissue called meristem in areas where the plant is growing such as the shoots and roots.
Plants increase in length by making new cells at the tips of both shoots and roots.
This is done as they have dividing cells called meristems, which allow the shoots, and roots to keep growing by producing more cells.
Meristem cells divide to make stems and roots longer and to make the stem thicker.

The new cells produced from plant meristems are unspecialised and can develop to form any type of cell in  the plant.
Unlike human cells, these plant cells remain unspecialised throughout their lives.

Meristems divide to produce cells that increase the height of the plant, length of the roots and girth of the stem.
They also produce cells that develop into leaves and flowers.

Unspecialised plant cells can become specialised to form tissues like xylem and phloem within organs e.g flowers, leaves, stems and roots.

Xylem- tissue for transport of water and minerals
Phloem- tissue for sugar transport

Clones of plants from cuttings

The presence of meristems (as a source of unspecialised cells) allows the production of clones of a plant from cuttings, and this may be done to produce a plant with desirable features.

Clones can be produced by taking cuttings which are shoots and leaves cut from a plant.
Cuttings taken from an area of the plant that is growing (shoots and roots) wil contain unspecialised meristem cells which can differentiate to make any cell.

This means in the right conditions they develop roots and grow into a new plant.

A cut stem from a plant can develop roots and then grow into a complete plant which is a clone of the parent. 

Some cuttings row new roots when you put them in water or compost. 
Others grow better when you dip the ends in rooting powder before you plant them.
The rooting powder contains plant hormones called auxins which the presence of this promotes the rooting.
Auxins cause the new cells produced by the base of the shoot meristem to develop into roots and rapidly start growing as new plants.
These hormones cause unspecialised cells to grow and develop they turn into tissues such as xylem and phloem and organs such as roots, leaves stems and flowers, thereby forming a new plant.
This makes it possible to clone plants quickly and cheaply.

By taking cuttings, gardeners can produce lots of new plants quickly and cheaply.
All the cuttings taken from one plant have identical DNA so they are clones.
Cuttings are used to mass produce a plant with desirable features.


Phototropism

The growth and development of plants is also affected by the environment- phototropism.
Phototropism is a plant’s growth in response to light.
Some parts of the plants e.g shoots and roots can respond to light by growing in a certain direction.
Shoots  positively phototropic
Roots  negatively phototropic

When the stem grows towards the light, the plant can photosynthesise more as the leaves will get more sunlight, more food is produced so the plant can grow faster.
Photosynthesis occurs mainly in the leaves so it is important to grow towards light to allow the reactions to happen.
This increases the plant’s chance of survival.

Plants need nutrients and water from the soil.
Phototropism means that roots grow away from light down into the soil where they can absorb the water and nutrients the plan needs for healthy growth and they would otherwise dry out in the sun.

Auxins and phototropism

Auxins are chemicals (plant growth hormones) that control growth near the tips of the shoots and roots.
They make some parts of the plant stem grow faster than the others. 
The result is that the plant stem bends towards the light.
1. When a growing shoots gets light from above, the auxins spread out evenly so the shoot grows straight up.
2. When light comes from ones side, the auxins move over to the shaded side. This is because the light destroys the auxins facing the light so the growth on that side slows down.
3. On the shaded side, since there is more auxins, the growth on this side speeds up the result is that the shoots and leaves bend (are turned) towards the light for photosynthesis.
4. The auxins are produced in the tips ad diffuse backwards to stimulate cell elongation.
5. If the tip is removed  no auxins are available and the shoot may stop growing.
6. If the tips are covered, light cannot break down the auxins so no phototropism cannot then occur and the plant just grows tall.


How does an organism produce new cells?

All living organisms cannot exist without the growth, repair and reproduction of cells.

Cell cycle

The cell has to copy everything It contains so that when it splits the new cells will contain the right amount of material.

The process of growth and division is called the cell cycle.

1. Cell growth
This is when the number of organelles increase (e.g ribosomes and mitochondria)
This is to ensure that each of the two new cells receives copies of all the organelles.

2. The chromosomes are copied
This is when the two strands of each DNA molecule separate and new strands form along side them as bases on free-floating nucleotides pair up with the matching bases on the DNA.
Cross-links form between the bases on the old DNA strands and the nucleotides are joined together.
So two molecules identical to the original one are formed.

Mitosis

Cell division by mitosis produces two new cells that are genetically identical to each other and to the parent cell.
A cell splits to create two identical copies of the original cell.

Some plants and animals reproduce asexually and use mitosis to produce cells for a new individual.
This means that each of the individuals produced in asexual reproduction is genetically identical to the parent so it is a clone of its parent.

After the cell physically grows and duplicates its contents, mitosis occurs.
3. The copies of the chromosome separate
Each chromosome has an identical copy attached to it.
The chromosomes line up at the centre of the cell and the cell fibres pull them apart.
The chromosome copies separate to opposite ends of the cell.

4. The nucleus divides

New nuclear membranes form around each set of chromosomes before the cell fivides.
These become the nuclei of the two cells. 
Lastly, the cytoplasm divides.
Now two new cells, which are genetically identical to each other, and the parent cell are formed.
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Meiosis 

Meiosis is a type of cell division that produces  male and female gametes (sex cells).

A human body cell contains 46 chromosomes arranged in 23 pairs.
Gametes are sperm or egg cells, and they only contain half as many chromosomes (23).
The games then join up at fertilisation where the 23 each parent chromosomes combine to create 46.
So the fertilised egg (zygote) will have 23 pairs.
Half of the chromosomes are from the father and the other half of the chromosomes are from the mother.

Cells split to form new cells with half the usual number of chromosomes, to produce gametes for sexual reproduction

1. Before the cell starts to divide it duplicates its DNA.
2. In the first division in meiosis, the chromosome pairs line up at the centre of the cell.
3. The chromosome pairs are pulled part so each new cell only has one copy of each chromosome.
4. In the second division, the chromosomes line up again in the centre of the cell.
5. The arms of the chromosome are pulled apart .
6. This produces four gametes with only a single set of chromosomes inside it.

How do genes control growth and development within the cell?


[image: ]

Genes, DNA and chromosomes

Genes are sections of DNA. 
Each one is a set of instructions for making a particular protein.
Different genes can switch off in different cells.

DNA is the chemical that makes up genes.
Long strands of DNA makes up chromosomes.
Chromosomes are found in the nucleus of a cell.

[image: ]
Structure of DNA

DNA has a double helix structure.

Each strand is made up of small units called nucleotides.
Each nucleotide contains a small molecule called a base.
DNA has four different bases, adenine, cytosine, guanine, and thymine.

T always pairs up with A.
G always pairs up with C.

Production of proteins

The order of these  bases along the DNA molecule codes for all the different proteins- it is the genetic code for the production of a protein.
A gene is a section of DNA that contains the instruction for one particular protein.

Cells make proteins by joining amino acids together.
The order of the bases in a gene tells the cell what order to put the amino acids together.
Each set of three bases (triplet) codes for one amino acid.
Chains of amino acids form a protein. 
The number and sequence of amino acids determines the protein that is made.

Making proteins

The genetic code is in the cell nucleus of animal and plant cells but proteins are produced in the cells cytoplasm.

The genes do not leave the nucleus but a copy of the gene (messenger RNA) is produced to carry the genetic code to the cytoplasm where the protein is made.

This copy passes out of the nucleus into the cytoplasm where the protein is made.

1. The two DNA strands unzip and a molecule of messenger RNA is made using one strand of the DNA as a template. U matches up with A instead of T.
2. Base pairing ensure that it is an exact match.
3. Messenger RNA is very similar to DNA but is much shorter and is only a single strand.
4. The messenger RNA moves out of the nucleus and joins with one of the many ribosome s in the cytoplasm.
5. Ribosomes are organelles which make the proteins in the cytoplasm.
6. The ribosome becomes attached to one end of the mRna, gradually moving along the strand reading the genetic code allowing the amino acids to be joined in the correct order to form a protein following the order of the bases in the messenger RNA.
7. The protein is released by the ribosome into the cytoplasm and starts to make another one. 

Proteins

Structural proteins  make up the frame work of cells and tissues
Functional proteins  essential for the chemical reactions that keep our bodies working


Gene switching


All the cells in the body comes from just one original cell, the zygote.
The zygote divides to form a ball of cells which are identical.
Some cells start to specialise and make the proteins needed to become a particular type of cell.

Each gene is the instruction for a cell to make a different protein.
By controlling what proteins a cell makes, genes control how a cell develops.

All body cells contain the same genes so something must make the genes specialise into a type of cell – genetic switches.

As cells grow and specialise, some genes switch off.
In specialised cells- only the genes, which they need to produce specific proteins, are active.
The genes they don’t need are off.

A specialised cell- some genes switched off.

Although all body cells in an organism contains the same genes, many genes in a particular cell are not active (switched off) because the cell only produces the specific protein it needs.

In specialised cells, only the genes needed for the cell can be switched on , but in embryonic cells any gene can be switched on during development to produce any type of specialised  cell.



[image: ]Gene switching in embryos

An earl embryo is made entirely of embryonic stem cells.
These cells are unspecialised up to the eight cell stage.
All the genes in these cells are switched on.
As the embryo develops cells specialise and different genes switch off in different cells.

They can switch off and on genes during the development- the active genes determine the type of cell a stem cell specialise into.
Therefore, they can specialise into any type of cell by switching off or on genes.
[image: ]Unspecialised cell

Stem cells

Adult stem cells and embryonic stem cells have the potential to produce cells needed to replace damaged tissues.

E.g skin cells can treat burns and ulcers
Retina cells can treat some kinds of blindness
Heart muscle cells can treat damage caused by a heart attack.

Stem cells are found in early embryos, umbilical cord blood and adults.
Embryonic stem cells are the most useful because the cells are not yet specialised.

Therapeutic cloning

Growing new tissues and organs from cloning embryonic stem cells.
1. Remove genetic material from an egg cell.
2. Take a nucleus from an adult body cell and insert it into the empty egg cell.
3. Egg cell starts dividing to develop into an embryo.
4. Stem cells are taken from the embryo.
5. The new embryo would have the same genes as the patient, so the embryonic stem cells produced would match those of the patient and won’t be rejected by them.
6. IF the cells used aren’t from your body the transplanted tissue is rejected.
7. The stem cells are grown in a container of warm nutrients and are then  treated to develop into required cell types.

Ethical issues

· Embryonic stem cells mean that the embryos used are destroyed- they could have become a person.
Ethical issues need to be taken into account when using embryonic stem cells. 
This work is subject to Government regulation.

Mammalian cloning

In carefully controlled conditions of mammalian cloning, it is possible to reactivate (Switch on) inactive genes in the nucleus of a body cell to form cells of all tissue types.

There wouldn’t be a risk of rejection and cells might restore organs which otherwise wouldn’t heal themselves.
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