Basic genetics review

1. Overview

a. Meiosis in male and female

b. Chromosomal abnormalities and prenatal diagnosis

c. Mendelian disorders

d. Multifactorial disorders

e. Risk assessment calculations (including test question)

2.  Meiosis review

a. Normal human cells have 46 chromosomes (23 pairs)

b. Chromosomes are designated numerically by size (largest to smallest)

c. Meiosis results in the formation of sperm or egg with 23 chromosomes

d. Crossing-over occurs during metaphase meiosis I

e. Reduction division occurs in meiosis I

f. Meiosis II = mitosis of a 23 chromosome cell

3. Male meiosis

a. Occurs throughout a man’s life after puberty

b. Results in 4 mature sperm 

4. Female meiosis

a. Begins in embryonic life 

b. Results in only 1 ovum 

c. Arrested in prophase I at 20 weeks gestation

d. Resumes when recruitment for ovulation begins

e. Meiosis I is completed at ovulation – 1st polar body produced

f. Meiosis II is completed only after fertilization – 2nd polar body produced


g. 20 weeks gestation – 6 million ova

h. Birth - 2 million

i. Puberty – 600,000

j. Menopause (average age = 52) – 0

5. Aneuploidy

a. Abnormal # of chromosomes not a multiple of 23

b. Causes

* Meiotic nondisjunction – homologous chromosomes do not split   

    in anaphase

*Robertsonian translocation – 2 chromosomes attach to one 
    another

6. Anuploid zygotes capable of becoming a recognized pregnancy

a. 45X (Turner syndrome) – the most common karyotype in abortions

b. Trisomy 16 (47XX+16) – the most common trisomy in abortions – no reported live births

c. Trisomy 21 – Down syndrome

d. Trisomy 18 – Edward syndrome – most are stillborn, or die in the neonatal period

e. Trisomy 13 – Patau syndrome – similar prognosis to trisomy 18

f. Trisomy 22 – most abort

g. 69 XXX or XXY- triploidy – associated with partial molar pregnancies, severe IUGR, stillbirth, no reports of neonatal survival.

7. Prenatal screening for aneuploidy

a. Triple test (MSAFP, estriol, beta-hCG) ; 14-22 weeks gestation

· High ( - hCG, low MSAFP and estriol = risk of Down S

· All three low = risk of Edward S (trisomy 18)

· 60% detection rate for Down and Edward syndrome

· 5% false positive rate

· Calculated risk of 1-270 or greater = positive test

b. Genetic amniocentesis

· Offered to all women over 35, positive triple test, abnormal ultrasound findings

· Performed after 14 weeks gestation

· 99+% accuracy 

· Pregnancy loss rate = 1-200

· Also used for NTD diagnosis ( increased AFP and acetylcholinesterase)

8. Chorionic villus sampling (10-14 weeks)

a. Placental chorionic tissue obtained transvaginal or abdominally

b. Used to diagnosis aneuploidy, and some single gene disorders

c. Not useful for NTDs, fragile X syndrome   

9. Other tests used prenatally

a. Florescent in situ hybridization (FISH)

· Whole chromosome

· Specific sites

b. Restriction fragment length polymorphisms

· Diagnosis of single gene disorder 

c. Polymerase chain reaction

· Not a diagnostic tool by itself

· Makes many copies of a specific area of DNA

· Allows diagnosis when only a small amount of DNA can be obtained

10. Mosaicism

a. 2 cell lines in the same organism

b. Caused by mitotic nondisjunction

c. Example = 46XX / 45X (mosaic Turner syndrome)

· Ovum can be produced but less are present 

· Early menopause

· Less phenotypic appearance of Turner syndrome

d. 46XX / 47XX +21?

e. 46XX / 46XY?

11. Mendelian disorders

a. Autosomal disorders – involves defects in chromosomes 1 through 22

b. X-linked disorders – involves defects in X chromosome

c. Recessive disorders – both alleles need to be abnormal for the disease to be expressed

d. Dominant disorders – only one allele gene needs the abnormality

12. Autosomal recessive diseases

a. Usually occurs unexpectedly

b. Parents are carriers

c. 1 in 4 risk of recurrence 

d. Male and females affected equally

e. Consanguinity increases risk

f. Most enzyme deficiencies are AR  (cystic fibrosis, sickle cell disease, glycogen storage diseases, congenital adrenal hyperplasia)

13. Autosomal dominant disorders

a. Occurs in each generation – never skips

b. 50% recurrence risk

c. Male and females equally affected

d. Unaffected individual cannot have affected child

· Variable expressivity  – severity varies from individual

· Forme fruste – only minute phenotypical features present

· Incomplete penetrance – person with no phenotypic manifestations with the AD gene

e. Lethal AD disorders are usually new mutations

f. Examples – Huntington’s Chorea, Marfans, Neurofibromatosis

14.  X-linked recessive disorders

a. Only males affected

b. Women are unaffected carriers

c. An affected male can never transmit the gene to a male offspring

d. 1 in 4 risk of recurrence

e. Examples: Duchene’s muscular dystrophy, hemophilia, Von Willibrands disease

f. Either sex can be affected, but there are more women than men affected

g. Affected males will transmit the disorder to all his daughters

h. Affected females have 50% risk of transmission to either sex offspring

i. Examples: Vitamin D resistant rickets, adrenoleukodystrophy

15. Multifactorial (polygenic) disorders

a. Multiple genes on different chromosomes need to be abnormal

b. Environmental factors involved – folic acid deficiency plus a genetic 
    predisposition = neural tube defect

c. Recurrence risk = 2-5%, 10-12% after 2 affected

d. Examples: Cleft lip and/or palate, NTDs, congenital heart defects

16. Example of risk assessment

· A pregnant woman has a brother with cystic fibrosis. Her husband has no family history. 1 in 25 people in the general population are carriers of the cystic fibrosis gene. What is the risk of her delivering an affected child?

· The woman has a 2 in 3 risk of being a carrier

· Both of her parents have to be carriers

· 1 in 4 are affected 

· 2 in 4 are carriers, but of the UNAFFECTED children, 2 out of 3 are carriers
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17. Risk calculation:

    2\3        x        1\25       x    1\4   =     2 /300 or 1/150

       mothers risk  father’s risk  risk if both are carriers

18. Hardy-Weinberg equilibrium

a. Predicts carrier frequency in a given population

b. Recurrence risk calculations

c. Assumptions

· Random mating

· Large population groups

· No new mutations

· No natural selection

19. Calculation example

· P = normal gene frequency

· Q = abnormal gene frequency 

· P + Q = 1 (100%)

· Square both sides of equation

· P2 + 2PQ + Q2 = 1

· P2 = normal, non-carrier frequency

· Q2 = affected frequency

· 2PQ = carrier frequency

· AR disease that follows the H-W equilibrium

· Disease frequency = 1 in 2500 births (Caucasian cystic fibrosis risk)

· Calculate the carrier frequency rate in the given population.

20. Disease frequency = 1 in 2500

· Q2 = 1/2500

· Q = square root of 1/2500 = 1/50

· P + Q = 1

· P = 1 – Q or 1-1/50 = 49/50 ~ 1

· 2PQ (carrier frequency) = 2 * 1 * 1/50 = 1/25 

21. Test question
· A pregnant African-American couple presents concerned about their risk of having a child with sickle cell anemia (SSA). The husband has a sister with SSA, and the wife has no family history for SSA. Never have been tested for SS-trait (SST). The disease occurs in 1 in 576 live born African-American children. Calculate this couple’s risk of delivering a baby with SSA. Hint: The square root of 576 = 24

Answer 

1 in 72

Explanation

· Husband’s risk of being a carrier = 2/3

· Wife’s SST risk assessment – use Hardy-Weinberg equilibrium calculation

· Q2 = 1/576

· Q = 1/24

· P = 1-Q

· P = 1-1/24 = 23/24 ~ 1

· 2PQ = 2 * 1 * 1/24  = 1/12 (wife’s risk of SST)

Final calculation

· Couple’s risk of SSA

· 1/12 * 2/3 * ¼ = 2/144 = 1/72

