Meiosis & Genetic Disorders
1.   Why do we look like our parents? Each parent donates genes to their offspring via sexual reproduction. The genes combine to give different but similar looking offspring.

2.   Homologous chromosomes

a)  Humans have 46 chromosomes consisting of 23 homologous pairs. Each parent donates one chromosome to each of the 23 homologous pairs. I.e., half of an individual’s chromosomes come from the female parent while half come from the male parent.

b)  Homologous chromosomes are the same length and carry the same genes in the same location. Those genes could be different versions. E.g., imagine the homologous chromosomes carry the eye color gene but one produces blue eyes while the other produces brown.

c)  The exception is the sex chromosomes. For these, females have a homologous pair (XX) while males do not (XY).

d)  The other chromosomes are called autosomes.

3.   Two types of cells in general  
a)  Somatic – diploid (2n) body cells. Contain a complete set of chromosomes.

b)  Reproductive cells – haploid (n) sex cells. These cells are called gametes and contain only half the number of chromosomes. If one somatic cell is fertilized by another, the resulting zygote would contain twice the number of chromosomes. I.e., the chromosome number would double each generation. For this reason, the chromosome number must be reduced during the production of gametes. This way, one haploid gamete is fertilized by another and the resulting zygote is diploid.

c)  The zygote carries a complete set of chromosomes. Half from the the female parent and half from the male.

d)  Every cell in the resulting organism is diploid and arises by mitotic division of the original zygote.

4.   The main stages of meiosis are the same as those in mitosis (Fig. 23.2 p. 551N).

a)  Meiosis happens in two stages: Meiosis I and Meiosis II. The two cell divisions result in 4 haploid daughter cells.

b)  During Meiosis I (the reduction division) homologous chromosomes are separated.

c)  In Meiosis II, sister chromatids are separated.

d)  After the chromosomes are replicated, sister chromatids remain attached at the centromere. Also, homologous pairs (each consisting of two sister chromatids) remain close together. The four sister chromatids are called a tetrad and the process is called synapsis.

e)  During synapsis, the arms of chromosomes in a homologous pair become intertwined. Pieces of the homologous chromosomes break off and switch places. This phenomenon is called crossing over  or synapsis. This increases genetic diversity which results from sexual reproduction

5.   Events contributing to Genetic Diversity.

a)  Independent Assortment

i)   The orientation of homologous chromosomes on one side of the metaphase plate or the other in Meiosis I is random.

ii)  The number of possible orientations is 2n, where n is the haploid number. For humans, the number is 223 = 8.4 million

b)  Random fertilization

i)   Any of a male’s 8.4 million sperm can fertilize any of a woman’s 8.4 million eggs. The total number of combinations is over 70 trillion.

c)  Crossing over

i)   When crossing over is considered, the number of combinations is nearly infinite.

6.   Genetic diversity contributes to evolutionary change. If an offspring inherits a combination of genes that gives it a survival advantage, it is better able to survive and pass on its genes. This means the chance that the combination is passed on increases. As a result, there is an accumulation of favorable characteristics.

7.   Nondisjunction disorders

a)  If two homologous chromosomes move toward the same pole, one daughter cell will have an extra chromosome while the other will be missing one.

b)  After fertilization, a zygote could have three copies of a chromosome (trisomy) or only one (monosomy), rather than the normal two copies.

c)  Each cell of the organism will then have the abnormal chromosome number.

d)  Down syndrome

i)   Trisomy of chromosome 21
ii)  Symptoms
(1) Round, full face; enlarged tongue; short height; large forehead

(2) Low mental ability

(3) Heart defects

(4) Prone to Alzheimer’s and leukemia

(5) Mostly sterile

iii) Frequency is 1 in 2500 for females under 30 years old. Frequency increases with mothers age to 1in 100 for females over 30.

e)  Turner’s syndrome
i)   Nondisjunction of the sex chromosome

ii)  Females have only one X chromosome

iii) Symptoms
(1) Fail to develop sexually; usually sterile

(2) Short height; thick, wide neck

(3) Normal intelligence

iv) Frequency is 1 in 5000

f)   Klinefelter syndrome  
i)   Nondisjunction during the production of the sperm or egg

ii)  Individual has XXY sex chromosomes

iii) Appears male at birth because of the Y chromosome

iv) Testes fail to develop and sterility results.

v)  The two X chromosomes trigger the development of breasts and other female characteristics

vi) Frequency is between 1 in 1000 and 1 in 2000 births

g)  XXX females  (...it would be a bad idea to try and investigate this syndrome on the internet)
i)   Trisomic X females are indistinguishable from normal females.

ii)  Frequency is 1 in 1000

h)  Patau syndrome
i)   Trisomy 13

ii)  Serious eye, brain, and circulatory defects

iii) Very short life span
iv) Frequency is 1 in 5000

i)   Edward’s syndrome
i)   Trisomy 18

ii)  Affects most body organs
iii) Life span is less than 1 year and is usually less than 10 weeks

iv) Frequency is 1 in 10 000
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Chromosomal deletions:  A portion of the chromosome is missing or deleted. Known disorders in humans include Wolf-Hirschhorn syndrome, which is caused by partial deletion of the short arm of chromosome 4; and Jacobsen syndrome, also called the terminal 11q deletion disorder.

a) 
DiGeorge Syndrome
i)  also known as 22q11.2 deletion syndrome, also known as Velocardiofacial Syndrome and Strong Syndrome is a disorder caused by the deletion of a small piece of chromosome 22. The deletion occurs near the middle of the chromosome at a location designated q11.2. 
ii)  These defects occur in areas known as the 3rd and 4th pharyngeal pouches, that later develop into the thymus and parathyroid glands. Symptoms include cardiac defects, abnormal facial features, thymus underdevelopment, cleft palate, and hypocalcemia
iii)It has a prevalence estimated at 1:4000.
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Chromosomal Duplications - A portion of the chromosome is duplicated, resulting in extra genetic material
a)  Charcot–Marie–Tooth disease 

i) is caused by mutations that cause defects in neuronal proteins. Most mutations in CMT affect the myelin sheath. Some affect the axon.

ii)  The most common cause of CMT (70-80% of the cases) is the duplication of a large 

      region in chromosome 17p12 that includes the gene PMP22.

iii)  Estimates of incidence vary widely
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Translocations: When a portion of one chromosome is transferred to another chromosome.
i) In a Robertsonian translocation, an entire chromosome has attached to another at the Centromere.  They are also called whole-arm translocations or centric-fusion translocations.
ii)
Several forms of cancer are caused by acquired translocations (as opposed to those present from conception); this has been described mainly in leukemia (acute myelogenous leukemia and chronic myelogenous leukemia). Translocations have also been described in solid malignancies such as Ewing's sarcoma.

iii)
Infertility: one of the would-be parents carries a balanced translocation, where the parent is asymptomatic but conceived fetuses are not viable.

A Robertsonian translocation in balanced form results in no excess or deficit of genetic material and causes no health difficulties. In unbalanced forms, Robertsonian translocations cause chromosomal deletions or addition and result in syndromes of multiple malformations, including trisomy 13 (Patau syndrome) and trisomy 21 (Down syndrome).
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Chromosome instability syndromes are a group of inherited conditions associated with chromosomal instability and breakage. They often lead to an increased tendency to develop certain types of malignancies.
