W- Obs- 1 Genetics

GENETICS

MITOSIS

	INTERPHASE
	G-1 PHASE
	Damaged DNA repaired

G1 check- Extracellular environment

	
	S PHASE
	Chromosomal Replication

Centrioles begin to duplicate

	
	G-2 PHASE
	G2 check- completion of DNA synthesis

	M-PHASE
	PROPHASE
	Chromosomes contract

Spindle fibres

Nucleoli disperse

	
	(PRO METAPHASE)
	Nuclear membranes dissociate

Chromosomes visibly double

	
	METAPHASE
	Alignment at metaphase plate

	
	ANAPHASE
	Sister chromatids separate

	
	TELOPHASE
	Chromatin decondenses

Nuclear membrane reassembles

Nucleoli reform

	
	Cytokinesis
	Separation of daughter cells


MEIOSIS

	INTERPHASE
	G-1 PHASE
	Same as mitosis
	

	
	S PHASE
	
	

	
	G-2 PHASE
	
	

	MEIOSIS 1

	PROPHASE
	LEPTOTENE
	
	Cells contain 23 pairs of double chromosomes (bivalents)- tetrads

	
	ZYGOTENE
	
	

	
	PACHYTENE
	
	

	
	DIPLOTENE
	Crossing over

Stage at which oocyte lies dormant
	

	
	Diakinesis
	Chromosomes begin to move ((
	

	
	METAPHASE I
	Same as mitosis- only difference is that pairs of sister chromatids are distributed to daughter cells (instead of non sister chromatids being segregated)
	

	
	ANAPHASE I
	
	

	
	TELOPHASE I
	
	

	
	Cytokinesis I
	
	Cells contain 23 pairs of chromosomes (bivalents)

	MEIOSIS 2

	
	INTERPHASE
	No replication occurs
	

	
	METAPHASE II
	Same as mitosis
	

	
	ANAPHASE II
	
	

	
	TELOPHASE II
	
	

	
	Cytokinesis II
	
	Haploid cells each with 23 single chromosomes (chromatids)


KEY
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MUTATIONS

DEFINITION: permanent modifications of DNA

TYPES:

· ANEUPLOIDIES

· When the chromosome number per body cell is not a multiple of 23 (antonym = euploidy)

· Normal Karyotype for

· women is 46, XX

· men is 46, XY

· MEIOTIC NON DISJUNCTION (I.E. UNEVEN SPLITTING)

· POLYPLOIDY

· Multiples of haploid number:

· EXAMPLE:

· Tripliody: 3N = 69

· TRISOMY

· 2N+1

· Three copies of a chromosome

· EXAMPLE

· Downs Syndrome: Trisomy 21 (96% cases)

· Edward Syndrome: Trisomy 18
· Patau’s Syndrome: Trisomy 13
· Klinefelter Syndrome (Extra X)
· MONOSOMY

· 2N-1

· One copy of an autozome

· EXAMPLE

· Turner Syndrome

· MITOTIC NON DISJUNCTION (I.E. UNEVEN SPLITTING)

· CHIMERA

· Fusion of two zygotes

· MOSAICS

· Uneven last division after fertilisation (3:1 instead of 2:2)

· EXAMPLE

· XYY Syndrome

· Triple X Syndrome

· CHROMOSOMAL STRUCTURAL ABNORMALITIES

· TRANSLOCATIONS

· Exchange of chromosomal material b/w chromosomes

· EXAMPLE

· Down Syndrome (4% cases)

· DELETIONS

· Interstilital / Terminal

· EXAMPLE

· Prader Willi Syndrome

· RING CHROMOSOMES

· If breaks in chromosomes occur, two ends can fuse ( ring

· DUPLICATIONS

· Presence of 2 adjacent copies of chromosomal segment

· Direct / Inverted

· More common but less harmless than deletions

· INVERSIONS

· Two breaks and middle segment does 180o
· ISOCHROMOSOMES

· Deletion of chromosome arm and replacement with another

· Most ( abortion

· CENTRIC FRAGMENTS

· POINT

· SUBSTITUTION

· Replacement of base pair

· If amino acid coded by new codon is same = SILENT

· If amino acid coded by new codon is different = MISSENCE

· May create a STOP codon ( Premature termination (aka Non sense mutation)

· EXAMPLE: 

· Sickle Cell anaemia

· DELETION

· If other than a multiple of 3 bases, the translation reading frame is disrupted in a frameshift mutation ( protein produced downstream of mutation to be erroneous.

· EXAMPLE: 

· Cystic Fibrosis

· INSERTION

· ( frameshift mutation

· EXAMPLE:

· Tay Sachs- 4 base insertion

· DNA DUPLICATIONS

· DNA INVERSIONS

· RNA PROCESSING

· DYNAMIC

· TRIPLE REPEAT DISORDERS

· Normally there may be triplet repeats eg. CAG30
· If the power number is ( / ( so that the trinucleotide is expanded / contracted ( Triplet Repeat Disorder

· Most dominant

· 20 such diseases

· EXAMPLE:

· Myotonic Dystrophy- occurs in mother

· Huntington Disease- occurs in mother

· Fragile X Syndrome- occurs in father

NOMENCLATURE

· Example: most common mutation for Cystic Fibrosis ((F508)

· ( = deletion

· F = phenylalanine

· 508 = location of mutation in coding sequence of the gene CFTR (CF transmembrane Regulator)

GENETIC INHERITANCE

http://healthcare.partners.org/humangenetics/education/family.htm
Autosomal Dominant:
· EXAMPLE: Marfan Syndrome, Achondroplasia

· An autosomal dominant trait will be expressed in a heterozygous individual, who has a 50% chance of passing the gene on to any offspring (see figure 3). 

Figure 3
Pedigree illustrating autosomal dominant inheritance with complete penetrance
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· Both males and females express the allele and can transmit it equally to sons / daughters
· Excluding new mutations and non penetrance, every affected person has an affected parent

· There tends to be generation-to-generation vertical transmission in the family, although sometimes there may be skipped generations ("non-penetrance").

· Direct transmission through 3 generations is practically diagnostic

· In affected families, the ratio of affected to unaffected children is almost always 1:1

· If both children are unaffected, all the children are unaffected.

· For rare traits, most affected individuals will be heterozygous; often the homozygous state for these gene mutations is lethal.

· In some families a dominant trait may arise de novo in a family due to new mutation.

Autosomal Recessive:
· EXAMPLE: Cystic Fibrosis, Tay Sachs

· Autosomal recessive traits are expressed in homozygous individuals. Generally both parents are heterozygous carriers, which is not associated with a phenotype (see figure 1).

Figure 1
Classic autosomal recessive pedigree
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· Both males and females affected

· Pattern of expression is generally horizontal across pedigree.

· Affected children can be born to ‘normal’ parents

· When both parents are affected, all children are affected
· Affected people with normal partners usually have only normal children

· Consanguinity increases the risk of a child being affected with an autosomal recessive condition due to inheritance of the same rare mutant allele from a common ancestor to both parents.

· ( probability of 0.5

· 0.25 x 0.5 = 0.125 = prob that recessive gene is common in both parents

· 0.125 / 4 is chance that homozygous baby will be born (3%)

· The rule that parents of children with autosomal recessive disorders are heterozygous carriers applies mainly to rare traits.

· Pattern of expression is generally horizontal across pedigree.

· For more common genetic variants such as hemochromatosis (where upwards of 10% of individuals may be carriers) an affected parent may have a partner who is a carrier, resulting in the potential for apparent vertical transmission of the trait ("pseudo-dominance") (see figure2).

Figure 2
Pedigree illustrating pseudo-dominance
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X-linkage:
EXAMPLE: Haemophillia A, Colour Blindness

X-linked traits are carried on the X chromosome. Rare X-linked recessive traits are more likely to be expressed in hemizygous males than in females, who would need to be homozygous. These traits tend to be passed on from carrier females to their sons (see figure 4).

Figure 4 
Pedigree illustrating X-linked recessive inheritance
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X-linked dominant traits may be expressed in either males or females, although sometimes males are more severely affected, or may not survive.

· Incidence of disease is much higher in males than females
· The mutant allele is passed from affected man to all of his daughters, but they do not express it

· A heterozygous carrier woman passes the allele to half of her sons, who express it, and half of her daughters who do not express
· The mutant allele is never passed from father to son
X LINKED DOMINANT DISORDERS:
EXAMPLE: Hypophosphataemia, Vit D resistant rickets

· Condition expressed and transmitted by both sexes

· Condition occurs twice as frequently in females as males

· Affected men pass condition to every daughter, but never to son

· Affected women passes condition to every son and half her daughters.
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