
Heredity

Protein Synthesis

Transcription

Process where DNA copied into strand of mRNA

Occurs in nucleus

Steps

1. RNA polymerase binds, unzips & unwinds H-bonds broken at specific place on molecule to expose cod/gene for certain protein Promoter region - TATA box

2. RNA polymerase builds
Build up RNA nucleotide to make mRNA molecule

Along 1 of DNA strands

3. RNA-S builds & elongates

4. RNA-S stops at set point & breaks free, pre-mRNA

Translation

Occurs in cytoplasm

tRNA transfer aa's to mRNA, pair up to mRNA by anticodon at bottom

Process of building prot. by decoding mRNA joining many aa's together

Forms specific peptide

Steps

1. Sml. ribos. sub-unit attaches to mRNA, scanning for start codon

2. Large ribs. sub-unit attaches

3. Ribo. reads mRNA code

4. Pept. bond formed between aa's, tRNA release leaving aa behind

5. When stop codon reached proc. fin. and prot. complete

Proteins

Coded for by
genes on DNA

Determine phenotype

Made up of aa's Any 3 bases form a triplet code for on aa = codon

DNA Replication

Produces exact copy of original DNA molecule 

 Occurs before mitosis

Allows for more cells to be made

Enzymes
Biological catalysts

Not used up, may be reused

Steps

1. Topoisomerase and DNA helicase

2. DNA Polymerase

DNA Polymerase elongates both strands

New bass attach to exposed parental DNA according to their specific base pairing

Leading (5'-3')

Lagging (3'-5')

Okazaki fragments Lagging creates short stretches of newly replicated DNA

DNA primase
Attaches near replicating fork

Creates short RNA/DNA primer nucleotides attach to 

3. DNA ligase
Okazaki fragments sealed

Covalent bonds on backbone createds

4. Topoisomerase

Gene Expression

Cells don't express all genes of their genome at same time & rate

Cells have some genes active & others inactive
Not producing unwanted proteins & wasting energy/resources

Ensures cells don't produce proteins that may interfere with cells desired function

Speed of genes transcribed & translated is controlled

Depends on

Type of cell

Stage of cell development

Conditions within cell Internal environment 

Conditions outside cell External environment 

Coding

Made up of exons 

= ~2% of DNA

Called exome

Non-Coding

= ~98% of DNA

Made up of repetitive sequences

Transcribed into RNA

Thought that 80% of human genome is transcribed at some time

Not sure what it does

Area of research 

Some turn genes on & off Gene regulation

Gene expression Transcribing gene into mRNA & translating into protein

Gene regulation Process within cell allowing gene to be expressed in specific cell at specific time

ENCODE

Encyclopaedia Of DNA Elements 

Goal's to determine which parts affect gene expression & how they affect transcription

Discovered 80% of genome does something

On & Off

Genes only transcribed by enzymes

Normally wound around histones = not accessible

Some genes need to be on all time for normal cell function

Epigenetics

Chemical Modification

Adding a methyl group to C base in DNA

Active genes not methylated

When control region of gene methylated can't be turned on = silenced

Methylation blocks RNA polymerase from binding to gene

Methyl groups are +vely charged & weakly bind with Phosphate groups on backbone Causes condensation of DNA & restricting access to RNA polymerase

Examples

Random X-inactivation in females (mammals)

Tortoiseshell cats

X1 chromosome carries orange fur allele

X2 chromosome carries black fur allele

Cells with X1 inactivated express black fur

Cells with X2 inactivated express orange fur

Imprinting

Form of gene silencing 

Silences one of two alleles from parents
Sometimes always paternal copy

Sometimes always maternal copy

Lasts for life of cell & passed on to daughter cels

Example Bewtith-Wiedemann Syndrome

Overgrowth syndrome 

Infants larger than normal

Prone to tumors 

Normally mother's gene is silenced / imprinted

Children with condition sow no evidence of silencing

May be that gene is over expressed & causes symptoms

Histone Modification

Acetyl / methyl groups attached

Acetyl
Causes DNA to be loosely coiled around histone

RNA polymerase can attach

Methyl
DNA tightly coiled 

RNA polymerase can't attach

Can be done to histones or directly to DNA

Can be altered by environmental factors

Passed on to offspring through germ line cells

Epigenetics Field of study

Factors affecting gene regulation

Winding of DNA around histones

Methylation 

Acetylation 

Imprinting

Non-coding RNA modifications

Post-translational modificatins

Regulatory proteins

Regulate gene
expression

Made by transcription 

Can regulate
transcription Transcription factors

Most are activators 

Recognise 6-10bp non-coding region in promoter

Can blind to enhancer regions to increase expression

Allow DNA to unwind & RNA polymerase to pind

Some can tun on multiple genes at same time

Some are repressors Bind to promoter to stop RNA polymerase binding

Bind to specific regions of DNA near genes to be activated

Have domains on them that bind to other molecules like homones for control of cell activities

A RP that activated one gene may suppress another at same time Stops conflicting signals in body

Regulation of Translation

Not all mRNA molecules become translated into proteins

Can suppressed at this level

mRNA binding proteins
Can bind to area before AUG & block ribosome from binding to it

Same mRNA region can be found on a number of mRNA's so proteins can block several mRNA molecules at a time Stop several genes being expressed

miRNA's (microRNA's)

Short RNA strands (~20 nucleotides)

Complementary to mRNA sections

Forms sections of ds mRNA which cannot be translated

In plants signals for whole mRNA molecule to be digested & therefore stop translation

Environmental Influence
Not all gene expression due to genetics

Himalayan Rabbits

White body fur

Black nose, feet, ears, tail

Heat stops development of black pigment Survival advantage

Seal-point Siamese Cats Black areas enlarge in winter & shrink in summer

Plants
Chlorophyll only develops if light is available

Flowers only bloom when days are a certain length & temperature is warm enough

Gene expression is a result of a subtle & complex interaction between heredity & environment

Biotechnology

Past People modify phenotypic expression through selective breeding Choosing organisms with desirable traits & mated to produce offspring with desirable traits

Herds

Wheat

Rice

Today
Scientific techniques enable creation of new domestic animals with enhanced phenotypes by changing gene sequences

Often involves genetic engineering to create genetically modified organisms (GMO's) or transgenic organisms

Describes use of living things to make new products or systems through use of laboratory methods
Domestication

Fermentation

Genetic Engineering

Salmon that grow twice as fast as regular salmon (AquAdvantage Salmon) Added growth hormone gene from Chinook salmon species & ocean pout promoter to Atlantic salmon genome to increase growth rate Gene is always on

Techniques

Uses tools for

Synthesising DNA

Cutting DNA

Restriction sites
Cut at known sequences

Most recognition sequences are palindrome of complementary sequence

Restriction enzymes

Restriction endonucleases

Cut at restriction site

Occur naturally in bacteria where they cleave foreign DNA that enters from invading viruses

Almost 4000 have been identified

Restriction fragments Smaller pieces of DNA cut by restriction enzymes

DNA is digested

Pasting DNA

Viewing DNA

Analysing DNA

Recombining DNA

Uses DNA Ligase

Joins 3' hydroxyl end with 5' phosphate end of another nucleotide

Only joins with complementary ends

Need to use same restriction enzyme to ensure ends are complementary

Amplifying DNA

Eukaryotic somatic cells have 2 copies of gene

Prokaryotic cells only have 1 copy

Need to amplify amount to enable
Large sample size for experiments

Larger amounts of DNA for analysis

PCR

Make more copies of DNA

Must have

DNA sample

DNA polymerase

Buffer solution Containing nutrients that simulate cell environment & allow function of enzyme

Nucleotides

A

T

G

C

2 primers Short sequence (~20bp) of ss DNA complementary to DNA ends to be amplified

Steps

1. Denaturation 

Heat to 95C 

Separating DNA strands

Breaking H-bonds

2. Annealing
Called to 50-60C 

Primers anneal to template DNA strands

3. Extension
Heat to 72C 

Taq Polymerase synthesises new DNA strands

Biotechnology in Humans

Cancer

Detection technologies vary & being researched

Can use microarrays to detect which genes are disrupted in tumours

Allows detection of which drugs to use

Currently researching 
Injecting cancer cells with genes that give rise to toxic molecules which kills cells

Modifying immune system to recognise & destroy cancer cells

Potential in Medicine

Identifying alleles of genes causing illness/condition to speed up discovery of treatment

Screening for genetic diseases for individuals/embryos to see if they have it or are carriers

Developing transgenic organisms to create proteins on large scale

Gene therapy for genetic diseases

Genetic Testing

Examines person's genetic material

Genes

Chromosomes

Proteins

Metabolites

Most commonly done to test for affected allleles

Detects mutations in genes

Mutations in restriction sites detected by RFLP Restriction fragment length polymorphism

Sickle Cell Anaemia 

Single base pair mutation

Wild type (normal) has 3 Mst|| restriction sites Recognises CC-TNAGG

Restriction of normal gene 2 fragments

Mutated gene has GTG not GAG 1 Fragment 

Gene Therapy 

2 Types

Somatic cell gene therapy
Alter somatic cells

Trait not inherited

Germ line gene therapy

Alter germ-line (sperm/egg) cells

Trait passed on to next generation

Very controversial as any problems with transformation is passed on

Not currently accepted medical practice

SCIDS

Severe Combined Immunodeficiency Syndrome

Rare condition

Mutant gene disrupts B & T cell functioning Immune System

Children need to live in sterile environment

Functional gene inserted into adenovirus & used to transform bone marrow cells

Functional cells re-introduced to children & able to produce viable B & T cells & normal immune system

Problem getting gene to target cells/tissues Cystic fibrosis cells lack CFTR gene

Protein helps regulate uptake of Cl- into cells of lungs

Mucus builds up & susceptible to infections

Studies underway using liposomes to deliver functional gene cells via inhaler

Visualising DNA

DNA Gel Electrophoresis

DNA stained with ethidium bromide or fluorescent dye

Dye binds to DNA & floresces under UV light

Separates fragments according to size & charge
DNA as overall -ve charge Phosphate backbone

Smaller fragments move further & faster

Agarose gel acts like large sponge - DNA can move whilst current is on

DNA/Gene Probing

Searches for specific sequence

Huntington's Disease
Genetic Neurodegenerative disorder

Can have early or late onset

Trisomy 13 Patau Syndrome

Trisomy 21 Down syndrome

Uses gene probe

Binds to target DNA sequence

Specific ss DNA

Usually 20-40 nucleotides long

Complementary to known sequence for specific gene

Has radioactive / fluorescent age attached for visualisation

Natural or synthetic

Steps

DNA is heated to expose gene sequence

ss probe binds to exposed sequence

DNA placed under UV

Identify position of gene on chromosome

Identify allele associated with specific disease

Identify fragment of DNA containing gene after running through a gel

Microarrays

Allows thousands of tests run simultaneously

Contains thousands of DNA probes on microscope slide of glass/silicon chip

Can be used to detect genetic diseases Genes that normally turned off in normal cell that are turned on vice versa

Steps

mRNA taken from target cell

Reverse transcribed into DNA now called copy DNA/cDNA

Labelled with fluorescent marker

Hybridiesed to probes on slide

Scanner measures fluorescence More there is more active cell is in transcribing that gene

DNA Sequencing Sanger method

Valuable as provides exact nucleotide sequence of DNA

Many diseases caused by single nucleotide deletion or substitution
Cystic Fibrosis Deletion

Sickle cell anemia Substitution

Manually Gel electrophoresis

Automatically Automatic DNA sequncer
Each nucleotide is labelled with different fluorescent dye

Computer scans across bottom of gel detecting fluorescent colour as it moves down gel

Steps

Similar method to PCR but uses normal nucleotides & modified nucleotides
Normal Deoxynucleosidetriphosphates dNTP's

Modified Dideoxynucleosidetriphosphates ddNTP's

DNA is divided into 4 groups each with normal dNTP's & a single type of ddNTP

ddATP

ddGTP

ddCTP

ddTTP

After amplification each is run in seperate well

Nowadays use more efficient methods call Next'gen sequencing

Use whole genomic DNA as template = more efficient

Cloning and DNA fingerprinting

Gene Cloning

Alternative to PCR for amplification of gene

Inserts gene into bacteria

Bacteria replicate rapidly & produce new gene with it

Advantages
Can replicate larger segments of DNA

Permits analysis of any gene & associated proteins

Uses Plasmids
Circular DNA 

Capable of reproducing independently of chromosomal DNA

Steps

1. Plasmid extracted From bacteria by rupturing cell wall

2. Restriction Same restriction enzyme used to cut plasmid DNA & donor gene DNA
Complementary ends

Sticky ends

3. Ligation DNA ligase binds 'foreign' DNA fragments to plasmid DNA DNA now part of recombinant plasmid

4. Transformation Recombinant plasmids added to bacterial culture & taken up by some bacteria
Recombinant bacterial contain genes resistant to an antibiotic

Transormed bacteria able to grow on medium of antibiotics whilst others are killed Antibiotic selection

5. Replication Plasmid replicates inside bacteria as it undergoes normal cell function, growth & reproduction

Transferring Genes E.g. Sheep

Transformed with gene for blood clotting factor IX so it is secreted in milk

Milk used to treat certain forms of haemophilia

Basis for gene therapy

Vectors

Plasmid

Great for transferring between bacterial hosts

Not for transferring to complex MC organisms

Plasmid DNA not stable in body cells

Viral

Infect target cells by injecting nucleic acid into host cells

Able to insert desired genes into viral DNA or RNA

Virus infects target cells

Viruses can accept large DNA inserts

Need to disable disease causing component

Currently use adenovirus & retrovirus

Human immune system tends to attack them Decreases survival in host

Can disrupt normal gene function & cause cancer

Liposome - endocytosis

Small spheres surrounded by phospholipid membrane

Membrane can fuse with other membranes delivering contents

Can be made artificially 

Can be designed to have marker molecules attached to surface

Can be recognised by specific cells in host Kidneys

Used extensively to insert genes int cells cultered in petri dishes

DNA Profiling/Fingerprinting

Process used to compare base sequence of 2+ individuals to determine how similar/different they are

Short tandem repeats (STR's or micro satellites) & variable nucleotide tandem repeats (VNTR's) Sections of non-coding DNA that are repeated many times
STR;s repeat 2-5bp sequences GAGAGAG, CAGCAGCAG

VNTR's repeat sequences more than 5 bp

Repeats are present in while population but amount of repeats (total length) varies

Each individual usually has 2 alleles
One from each parent

One from each homologous chromosome

Profiling identifies individuals based on differences in STR's

Cell Cycle

Series of events that take place in cell leading to division & duplication

Involves development from stem to full differentiated cell

Cell Cyle

ProkaryotesBinary fission

Eukaryotes
Interphase 

Cell grows, accumulates nutrients needed for mitosis & duplicates DNA

Lasts 12-24 hours in mammalian tissue

Cell is constantly synthesising RNA, producing protein & growing in size

Divided into 4 phases

Gap 0

Times when cell leaves cycle & quits dividing

Temporary or permanent

Cell that has reached an end stage of development & no longer divide
Neurons mature & don't replicate further

Heart muscle cells don't replicate further

Cells that may re-enter G1
Liver Can regrow liver after some of it has been removed

Kidney Can regenerate parts but not nephrons

Gap 1
Cells

Increase in size

Produce RNA

Synthesise protein

G1 checkpoint Ensures everything ready for DNA synthesis

Synthesis phase
DNA replication 

Allows for exact copy of DNA to be made & passed to daughter cells

Gap 2

Cell continues to grow & produce new proteins Organelle replication occurs

G2 checkpoint
At end of G2 

To determine if cell can now proceed to enter M & divide

MitosisCell splints into 2 distinct daughter cells

Mitosis

Growth 

Repair

Process of nuclear division

All somatic cells formed by mitosis

Forms 2 daughter cells with identical sets of chromosomes
Diploid chromosome number

Daughter cells contain same number of chromosomes as original cell

Phases

1. Interphase

Chromosomes not seen

Occupies most of cell cycle

Cell appears same as non-dividing cell

No internal changes visible

DNA replication occurs

Cell grows

New proteins synthesised

Cell organelles replaced

Resting phase

2. Prophase

Chromosomes shorten & thickenBecome visible

Nuclear membrane breaks down

Nucleolous shrinks

Centrioles move to poles

Spindle fibres begin to form

3. Metaphase

Chromosomes line up across centre of cell

Spindle fibres extend & attach to centromeres

Chromatids begin to separate

4. AnaphaseSister chromatids separate & dragged to opposite ends of cell along spindle fibres

5. Telophase

Spindle fibres degenerate

2 sets of chromosomes uncoil

Nuclear membrane & nucleolus reform

Animals
Cell membrane invaginates

2 new cells formed

Plants

Cell plate is formed 

Cell wall & membrane form along cell plate to give 2 new cells

Some plants don't contain centrioles to help cell division

6. Cytokinesis

Mitosis is mainly concerned with division of nucleus & DNA

Term given to division of cytoplasm

Follows division of nucleus

Meiosis

Cell division of germ cells (ova & spermatozoa) to form gametes (Sex cells or oocytes & spermatids)

Occurs in sex organs
Ovaries & testes

Anther & ovary

2 nuclear divisions 

1 chromosome replication

Parent cells = diploid

4 Daughter cells = haploid

Gametes show some variation due to crossing over & mutations

Phases

1. Interphase |
Resting phase

DNA replication occurs

2. Prophase |

DNA has already replicated

Chromosomes shorten, thicken & become visible

Homologous chromosomes pair up & lie side by sideForm tetrads 

Centrioles separate & move to poles

Nuclear membrane disappears

Spindles form supporting chromatids

Some crossing over occurs & genetic material is exchanged between homologous chromosomesCrossing overWhen section of one chromosome switches places with same section from other chromosome of pair

May take days to complete

85-95% of meiosis time

3. Metaphase |

Tetrads align across equator

Held by spindle fibres attached to centromere at poles

Random assortment of homologous pairs occursRandom / Independent assortmentLaw that states genes on chromosome become part of gamete independently of othersChromosomes are sorted randomly

4. Anaphase |

Spindle pull chromosomes to poles at centromere

Homologous chromosomes move to opposite poles

Sister chromatids remain together

5. Telophase |

Spindle fibres breakdown

Nuclear membrane reforms

Cell divides into two & each undergoes second divsion

2 Haploid daughter cells form

6. Prophase ||No replication has occured

7. Metaphase ||Chromosomes line up single file across centre of cell

8. Anaphase ||
Chromosomes separate at centromeres

Chromatids pulled apart & move to opposite poles

9. Telophase ||

Cell divides

Nuclear membranes reforms around chromosomes

Spindle dissolves

4 haploid daughter cells 

Variation/genetic diversity during meiosis

Crossing over

Random / Independent Assortment

Mutations 

FertilisationGenetic material from two parents

Mutations

Point mutation

Occurs at single nucleotide

Single nucleotide polymorphism

May mean protein translated from gene remains same or is alteredAltered form may have subtle or dramatic effects

Types

Substitution

Silent mutationCodon & protein unchanged

Nonsense mutationStop codon & protein shortened

Missense mutation
Codon changes protein

Could be deleterious

Deletions Loss of nucleotides from original DNA

InsertionsAdding 1+ nucleotide to original sequence

Rarely beneficial

Some people have immunity to HIV
Have nonsense mutation in CCR5 gene which codes for receptor molecule on cells which would normally bind to HIV virus & allow it into host cells

Mutation stops from occuring

Variations in Chromosomes

Chromosomal Abnormalities

Numerical abnormalities

Has 1 extra or 1 less
chromosome than full set

Monosomy1 chromosome

Trisomy3 of same chromosome

Structural abnormalities

Deletions

Duplictions

Translocations

Inversion

Sequence not lost

Can cause gene disruption or cause 2 different genes to become fused

Could cause infertility

Rings

Due to chromosome breaks

Some occur naturally during meiosisCrossing over

Others occur due to mutagens
Often repaired but mistakes can be made

Chromosomes end up being re-arranged

Karyotype

image generated from staining cells in process of nuclear division

Reveals chromosomes of different sizes, shapes & banding

Images arranged into homologous pairs from largest to smallest

Each organism has particular no. chromosomes in each cell

Monoploidy

Has only one set of chromosomes as full set

Occurs in most males of colonial insects
Bees

Males produce sperm by mitosis

Females & queen are diploid
Produce eggs by meiosis

Fertilisation results in females

Parthenogenesis from egg cell results in males

Ants

Also exhibited by 

Fungi

Algae

Some fish

Amphibians 

Reptiles

Most organisms diploid Allows for one allele to mask negative effects of another

Polyploidy

Organism contains 1+ full sets of chromosomes

Occurs in failed cell division

Cells end up with 3n or 4n

Common in

Flowering plants

Green algae

Ferns

Found in some 

Fish

Fungi

Amphibians

Often associated with advantages
Increased size

Increased hardiness

Reduced fertility

Lethal in humans 1% or die within month of being born

Aneuploidy

Addition or loss of one chromosome
2n+1

2n-1

Can occur in both autosomal & sex chromosomes

Caused when chromosomes not separated in meiosis during anaphase

Often occurs in miscarriages

Occurs by non-disjunction

Causes monosomy or trisomy of certain chromosome

Sex Chromosome
Abnormalities

Turner SyndromeXO

Klinefelter SyndromXXY

Sex Determination

XX = Female

XY = Male

Fertilisation
When sperm (either X or Y) joins egg (X) fertilisation occurs

Fusing of nuclei

Birds

ZZ = male

ZW = female

Have 76 autosomal chromosomes & 2 sex chromosomes

Bees
Males (drones) haploid & develop from unfertilised egg in parthenogenesis & produce sperm by mitosis

Females (queen & workers) are diploid & develop from fertilised egg

Grasshoppers 

Only 1 sex chromosome

XO = Males

XX = Females

Reptiles

Can be determines environmentally

Temperature
Ratio of males to females in some reptiles depends on environmental temperature

Turtles & crocodiles more males develop & survive at higher temperatures

Shrimpt
Long days - Males

Short days = Females

Complete, Incomplete &
Co-dominance

Incomplete Dominance

Heterozygous phenotype = intermediate blend of the 2 alleles

Blend

Neither is dominant

Red + White = Pink 

Skin colour

Use C^R & C^W as neither dominant

Different letter both capitals

Co-dominance

Heterozygous phenotype = both alleles expressed simultaneously

Patchy

No lower cases 

Use C^R & C^W as both dominant

Blood types3 Alleles 

A

Dominant

Antigens presentA antigen

Antibodies present in serumAnti-B

Genotype(s)
AA

A0

B

Dominant

Antigens presentB antigen

Antibodies present in serumAnt-A

Genotype(s)
BB

B0

0

Recessive

Antigens presentNone

Antibodies present in serum
Anti-A 

Anti-B

Genotype(s)00

Other outcomeAB

Antigens present 
A antigen 

B antigen

Antibodies in serumNone

Genotype(s)AB

Complete Dominance
Homozygote

DominantBoth alleles lead to protein production

RecessiveNeither allele leads to protein production

HeterozygoteOne allele gives enough product to show dominant phenotype

Sex Linkage

Inheritance of genes carried on sex chromosomes

Allele is found on 1 sex chromosome not on other

X chromosome carries more info than Y chromosomeX is bigger than Y

A gene may be present on X with no allele on Y

X-linked inheritance

Differential regions / Hemisygous
Regions not homologous

Only single copy

Mainly affects malesIf allele on X chromo is detrimental problems occur in men

Punnet squares

Male
X^AY

X^aY

Female

X^AX^A

X^AX^a

X^aX^a

X^aX^A

X-linked recessive

Duchenne Muscular Dystrophy

Caused by mutation in dystrophin gene on X

Dystrophin is protein that provides structural stability to cell membrane in muscle tissue

Symptoms appears 2-3yo

Degenerative = increasing weakness of muscles & sometime later to bones = deformities & death

Colourblindness

Haemophilia

X-linked dominantVitamin D resistant rickets

Y-linked inheriatnce

Very rare

Affects males

Hypertrichosis

Abnormal hair growth on body

Can be localised or all over body

Can be congenital or acquiredCan be triggered by 

Drugs

Cancer

Eating disorders

Pedigrees

Genetic family treeShow how phenotype carried through generations of a family

Conventions

Labelled with Roman numerals

Individuals in each generation numbered

Children always put oldest -> youngest

Partners contacted via horizontal line

Connect parent with offspring

Rules

Dominant traits present in each generation

Recessive traits may skip generations

X-linked inheritance
If father doesn't have mutated gene daughter can't have condition

2 people without condition can have son with condition but not daughter with condition

Polygenic Inheritance & Multiple Alleles

Dihybrid Crosses

Dihybrid inheritance Inheritance of 2 pairs of alleles

Mendel's laws

Laws of Segregation of GenesEvery individual organisms contains two alleles for each trait & that these alleles segregate during meiosis such that each gamete contains only of these alleles

Law of independent Assortment
Alleles for separate traits passed independently of one another from parents to offspring

Due to independent assortment of chromosomes in metaphase 1

Law of DominanceRecessive alleles will always be masked by dominant alleles

Multiple Alleles2+ alleles for 1 gene

Blood types

Dog fur colours

Red clover

Polygenic Inheritance

Where a single characteristic is controlled by 2+ genes (polygenes)Height
80% genes

20% environment 

Often have cumulative effect

Show continuum of variation follows a normal distribution

Greater no. genes = greater environment can also influence trait

Each gene involved follows Mendel's Laws


