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Genetics review examination for nurses in adult disciplines 

Please copy this examination and save as a separate Microsoft Word file. Indicate your correct answer(s) as shown in the example below using boxes and bold type:{Highlight the correct answer(s) with your mouse, go to Format, then Borders and Shading, choose box, then indicate text on the Apply to option. Bold can be applied to the selected text using the B command on the toolbar or by going to Format, then Font, then selecting Bold from the options}. Save the file again with your boxed and bold answer choices below each question. Send the completed examination as an email attachment to: (Dr. Golder Wilson, TheGgnome@aol.com). Allow two weeks for the correct answers and (if you score >70%) your certificate to be returned.    

Example (correct answers 1B, 1E):

1. Nurses aware of genetics hear hoofbeats outside their window and think of: 

A. Horses

B. Zebras
C. Donkeys

D. Surrey with the fringe on top

E. How difficult education must have been when relying on pony express rather than email

Select the best single answer to all questions

1. A woman has a cardiac arrhythmia and deafness and her younger sister is also affected. Her parents are first cousins. The most likely cause of her problems and a useful place to find details is:

A. Environmental exposure—carcinogen database

B. Maternal use of alcohol in both pregnancies—teratogen database

C. Genetic disease, likely autosomal recessive—Mendelian disease database

D. Genetic disease, likely X-linked recessive, Mendelian disease database

E. Genetic predisposition, likely multifactorial determination—DNA marker database 

2. A 29-year-old male has a heart attack. His father and grandfather died of heart attacks in their early 40’s. The most likely cause of their disease is:

A. Common environmental exposure

B. Inherited predisposition to unhealthy lifestyle

C. Mendelian disease, likely autosomal recessive inheritance
D. Mendelian disease, likely X-linked recessive inheritance
E. Genetic predisposition with dominant gene of major effect 

3.  A woman is diagnosed with Crohn’s disease, and wishes to know the risk that her daughter will develop the disease.  She is otherwise normal with an unremarkable family history. The likely inheritance mechanism and her daughter’s risk would be:

A. Autosomal dominant with a 50% risk

B. Autosomal recessive with a 25% risk

C. X-linked recessive with a 25% risk

D. Chromosomal with a 10-15% risk

E. Multifactorial determination with a 5-7% risk 
4. A 24-year-old Ashkenazi Jewish woman develops bilateral breast cancer. Her mother and grandmother died of ovarian cancer, and a maternal aunt also had early onset breast cancer.  She has two daughters aged 12 and 16. The most probable mechanism and risk to her daughters would be:

A. Multifactorial determination with a 1-2% risk

B. Autosomal dominant with a 50% risk
C. Autosomal dominant with a 25% risk

D. X-linked dominant with a 50% risk

E. X-linked dominant with a 25% risk

5.  A male teenager presents for a school physical with tall stature, thin body build, concave chest (pectus), long fingers, flat feet, and increased joint laxity.  His father died at age 35 with a heart attack.  He wants approval to play basketball. An important disease category and disorder to consider would be:
A. Coronary artery disease and myocardial infarction

B. Coronary artery disease and congestive heart failure

C. Connective tissue disease and aortic dilatation

D. Connective tissue disease and myocardial infarction

E. Connective tissue disease and aortic coarctation
6.  A 30-year-old man has hypertension controlled by diet and medication, and one of his three siblings is affected. His father died of kidney failure, and one of the man’s three sons had urinary tract infections with cystic kidneys on ultrasound. The most likely diagnosis is:
A. Multifactorial predisposition to renal failure

B. Isolated congenital anomaly of the urinary tract

C. Autosomal dominant polycystic kidney disease

D. Autosomal recessive polycystic kidney disease

E. X-linked recessive polycystic kidney disease
7.  A middle-aged man presents for his annual physical and admits to being a heavy drinker.  His liver is small and firm on examination and blood tests reveal elevated levels of liver enzymes.  His two brothers and one of three sisters also have liver disease but don’t talk about it with him.  They too are heavy drinkers. The most likely cause of this disease and the best way to assess susceptibility in family members is:
A. Multifactorial alcoholism with DNA polymorphisms (DNA markers)

B. Autosomal dominant alcoholism with gene sequencing

C. Autosomal recessive alcoholism with metabolic testing

D. X-linked recessive alcoholism with genetic linkage
E. X-linked dominant alcoholism with genetic linkage 
8. A 20-year-old man presents to the emergency room with hallucinations and abusive behavior. He has had several episodes of mental illness in the past and is on medication. A urine drug screen shows only prescribed metabolites, and blood testing reveals elevated liver enzymes. His mother accompanies him and is concerned because his sister died from liver failure thought due to hepatitis. The admitting nurse notes an odd ring around the man’s irides (iris of eye). The likely cause of his problems is:

A. Schizophrenia, a known multifactorial disorder

B. Central nervous system and liver toxicity from medication

C. Autosomal dominant disease based on his severe symptoms and early onset

D. Autosomal recessive disease based on his severe symptoms and early onset

E. X-linked dominant disease based on his severe symptoms and early onset

9. Bone marrow tissue is obtained from a 27-year-old with leukemia and sent for karyotyping.  Which of the following might be noted on the laboratory report?

(A) The gene responsible for leukemia has a 3 base pair deletion

(B) Galactokinase enzyme activity was 120% of normal.

(C) Multiple cells with lipid inclusions were noted.

(D) The major cell line had 46 chromosomes, but 2 in 20 cells exhibited deletion of the short arm of chromosome 5.

(E) None of the above

10.  A 30-year-old mentally disabled male comes to you for care and his parents describe some laboratory results performed during his childhood. Which of the following descriptions is most accurate?

(A) A normal karyotype was obtained, ruling out a chromosome disorder.

(B) Blood was frozen so that a chromosome study could be performed.

(C) Blood was obtained on us (the parents), ruling out a problem in our child

(D) Our son had a normal karyotype, so he cannot carry the gene for cystic fibrosis like our daughter does.

(E) Blood was obtained for chromosome studies, so you should be able to determine our blood types.

11.  A couple who both have Aa genotypes at a locus will produce fertilized eggs in which of the following ratios?

(A) 1 AA : 1 Aa : 1 aa

(B) 1 AA : 1 Aa : 1 aa

(C) 1 AA : 2 Aa : 1 aa

(D) 1 AA : 2 Aa : 2 aa

(E) 1 AA : 3 Aa 

12.  A couple requests counseling to determine the recurrence risk for albinism (203100).  Their first son is affected, consistent with the presence of two abnormal alleles (genotype aa).  No other family members are affected.  The mother and father are first cousins and the grandfathers are brothers.  The mother has four older sisters and the father is an only child. The couple’s recurrence risk for their next child to have albinism is:
A. 100%

B. 75%

C. 50%

D. 25%

E. Less than 1%
13. A 28‑year‑old Caucasian woman requests genetic counseling because her son has cystic fibrosis. She becomes agitated when you take the family history and confides that her father is also the father of her son. She has now married an African-American man and wishes to begin a new family. What is the risk that her next child will have cystic fibrosis?  

A. 100%

B. 75%

C. 50%

D. 25%

E. Less than 1%
14.   Which phrase most suggests the operation of Mendelian inheritance?

(A) Half the offspring are affected, half unaffected.

(B) Values in offspring regress toward mean parental values

(C) The environment determines phenotypic expression

(D) Quantitative phenotypes

(E) Discordant monozygous twins

15.   A man is affected with polydactyly, an autosomal dominant trait that produces an extra finger on the ulnar (little finger) side. What is the risk that the man’s first two children will have polydactyly?

(A)
100%

(B)
75%

(C)
50%

(D)
25%

(E)
Virtually 0

16.  All the following statements regarding autosomal dominant conditions are true except that:

(A) they produce a vertical pattern in pedigree

(B) they affect both sexes

(C) they transmit through both sexes

(D) they often exhibit variable expressivity

(E) their expression requires the presence of two abnormal alleles at a locus

17.  X-linked recessive inheritance involves all of the following factors except:

(A)
an oblique pattern of inheritance

(B)
male-to-male transmission

(C)
affected males and carrier females

(D)
loci on the X chromosome

(E)
new mutations for one-third of sporadic cases

For each case history that follows, select the term that best represents it.

(A)
Genetic heterogeneity

(B)
Non-random Lyonization

(C)
Incomplete penetrance 

(D)
Variable expressivity

(E)
New mutation

18.  A grandfather and grandson have autosomal dominant polydactyly, but the father has normal hands

19.  Parents who each have autosomal recessive sensorineural deafness have a normal child 

20.  A grandmother with autosomal dominant neurofibromatosis has two grandchildren who died of neurofibromatous brain tumors

21-24. Match each of the following statements about allele frequency with the term that best describes it.

(A)
Positive selection 

(B)
Negative selection

(C)
Gene flow

(D)
Founder effect with genetic drift

(E)
Founder effect with inbreeding

21.   A public health study shows an increase in the frequency of blood type O that correlates with the migration of Native Americans into a previously Caucasian county.

22.   A shipwreck isolates a few colonists on an uninhabited island several hundred years ago, including two brothers who are color blind.  Now the frequency of color blindness on the island is 5 times that on the neighboring mainland.  

23. The Amish in Pennsylvania have high frequencies of certain genetic diseases, including a disorder called Ellis van Crevald syndrome.  This disorder exhibits dwarfism with ectodermal dysplasia including the inability to sweat. 

24.  If a group of Pennsylvania Amish migrated to central Africa, the frequency of Ellis van Crevald syndrome would be expected to decrease.

25-28. Match the descriptions below with the appropriate method of DNA analysis.

(A)  Southern blot detecting globin gene deletion

(B)  Southern blot detecting amplified DNA fragment 
(C)  Polymerase chain reaction followed by hybridization to oligonucleotide probes
(D)  Hemoglobin electrophoresis

(E)  Northern blot demonstrating increased RNA transcription
25. Diagnosis of thalassemia

26. Diagnosis of mutant alleles

27. Diagnosis of diseases with unstable triplet repeats like fragile X syndrome or Huntington chorea

28. Diagnosis of altered protein

29-30. Match the following descriptions with the terms below:

(A)  A recombinant DNA molecule that contains a DNA sequence of interest

(B)  A DNA molecule into which the DNA sequence of interest is cloned

(C)  Radioactive or fluorescent labeled DNA or RNA fragment used for hybridization

(D)  A DNA sequence that enhances RNA transcription

(E)  Oligonucleotide designed to catalyze DNA amplification in sequencing or polymerase chain reactions

29. Probe

30. Primer

31-34. A 22-year-old college student is referred to the physician because of learning problems and a lack of motivation in school.  His family history is unremarkable.  Physical examination is normal except for single palmar creases of the hands and curved fifth fingers (clinodactyly). The physician decides to order a karyotype

31.  Which of the following indications for obtaining a karyotype would best explain the physician’s decision in this case?

(A) A couple with multiple miscarriages

(B) An individual with ambiguous genitalia who needs genetic sex assignment.

(C) An individual with multiple congenital anomalies and severe disability

(D) An individual with mild disability and subtle physical anomalies

(E) An indication other than those listed

32.  Chromosomal analysis reveals a 47,XYY karyotype.  Which of the following descriptions best fits this abnormality? 

(A)  Autosomal trisomy

(B)  A male with Klinefelter syndrome

(C ) Sex chromosome aneuploidy

(D) A female with Turner syndrome

(E)  Sex chromosome triploidy

33. The error in meiosis that produces a 47,XYY karyotype is best described by

(A) meiosis division I of paternal spermatogenesis

(B) meiosis division I of maternal oogenesis

(C) meiosis division II of paternal spermatogenesis

(D) meiosis division II of maternal oogenesis

(E) meiosis division II in either parent

34.  Which of the following options would be appropriate for the physician during the counseling session that follows the chromosome result?

(A) Recommend karyotyping of the parents

(B) Explain that the recurrence risk for such chromosomal aberrations is about 1%

(C) Urge that the college receive a copy of the karyotype since these young men often become criminals

(D) Recommend testosterone supplementation 

(E) Inform the young man that he will be sterile

35.  Apoptosis refers to the process of:

(A) cell fusion using viruses or detergents

(B) uptake of DNA by cells

(C) uptake of DNA through viral infection

(D) cell adhesion mediated through CAMs

(E) cell death involving a specific sequence of nuclear and mitochondrial degradation 

36. The incubation of cultured cells with purified DNA in media containing calcium phosphate allows DNA uptake, a process called:

(A) DNA ligation

(B) DNA transformation

(C) DNA replication

(D) DNA transfection

(E) DNA rearrangement

37.  A chromosome translocation disrupts a locus on chromosome 13 and produces a large number of bony tumors in the affected individual.  This translocation likely disrupts a:

(A) tumor suppressor gene 

(B) cellular oncogene (c-onc)

(C) virally transmitted oncogene (v-onc)

(D) gene stimulating cell growth

(E) proto-oncogene

38.  A woman with severe kidney failure has what chance that her sibling will have identical haplotypes at the HLA C locus?

(A) 100%

(B) 75%

(C) 50%

(D) 25%

(E) virtually 0%

39. Which of the following parent-offspring units would be at highest risk for Rh disease?

(A) Mother C+, father D+, baby D+, first pregnancy

(B) Mother E+, father D+, baby E+, second pregnancy

(C) Mother D+, father CD+, baby CD+, second pregnancy

(D) Mother DC+, father D+, baby CD+, second pregnancy  

(E) Mother CE+, father D+, baby CDE+, second pregnancy

40. A physician wishing to prevent ABO incompatibility from occurring in his type O daughter’s pregnancies should recommend:

(A) Denial of type A or type B suitors

(B) Administration of blocking antibodies to A antigen if she has a pregnancy with a type A fetus.

(C) Denial of type O suitors

(D) Administration of blocking antibodies to B antigen if she has a pregnancy with a type B fetus

(E) Free selection of suitors because ABO incompatibility does not occur

41. What is the risk for any type of fetal incompatibility to a type A, Rh C+ mother and a type B, Rh D+ father who are beginning their second pregnancy.  It is known from the grandparental blood types that these parents are heterozygous at all blood group loci.

(A) 100%

(B) 75%

(C) 50%

(D) 25%

(E) Virtually 0

42-46. The various types of genetic anemias, like many other genetic disease categories, must be diagnosed by particular laboratory studies.  Match the following alterations of (-globin gene expression with the test that will be sufficiently abnormal to allow diagnosis.

(A). Mutation in the upstream region to cause mild thalassemia

(B). Deletion of the second (-globin exon to cause severe thalassemia

(C). Mutation in an RNA splice site to cause severe thalassemia

(D). Amino acid substitution (charged to neutral) to produce an unstable (-globin peptide

(E). Amino acid substitution (neutral to neutral) in the binding site for heme.

42. Analysis to detect altered mobility of (-globin protein by electrophoresis 

43. Analysis to detect decreased oxygen binding by red blood cells 

44. Analysis to detect altered size of (-globin protein

45. Analysis to detect altered DNA sequence of promoter regions

46. Analysis to detect altered size of (-globin mRNA
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Genetics review examination for nurses in adult disciplines--Solutions

1. The unusual coincidence of two rare conditions (arrhythmia and deafness) suggests a genetic syndrome. Affliction of two sisters with consanguinity (relatedness) in the parents suggests an autosomal recessive Mendelian disorder. Searching on the symptoms in the Online Mendelian in Man (OMIM) website yields a possible diagnosis of Jervell and Lange-Nielsen syndrome (220400—see Chapter 12).  This autosomal recessive disease implies a 25% risk that other siblings will be affected, but a minimal risk for the affected women to transmit the disease (their spouses are unlikely to be carriers unless they are related). 

2. The early onset and family history of heart attacks suggests a strong genetic predisposition, potentially through effects on lifestyle or shared genes of major effect. Coronary artery disease is common in older individuals with male sex predilection and exhibits multifactorial determination. The latter inheritance mechanism is likely, and screening for a dominant gene of major effect (e.g., that for familial hypercholesterolemia, 143890) would first employ blood cholesterol levels and then gene studies. The family pattern of male to male transmission excludes recessive inheritance.  

3.  Crohn’s disease is a multifactorial disorder with a 7.5% risk for siblings of affected individuals to develop the disease (see Chapter 12).  Approximately the same risk would apply to other primary relatives such as the woman’s daughter. 

4. The early onset and family history of cancer is suggestive of Mendelian disease (e.g., BRCA—113705--or Li-Fraumeni syndrome—112480--gene mutations, see chapter 12).  The daughters would be at 50% risk for breast cancer, and DNA testing on the mother could determine if a particular BRCA1, BRCA2, or p53 (Li-Fraumeni) tumor suppressor gene were present.  BRCA mutations are more common in Ashkenazi Jews. The BRCA genes account for about 10% of breast cancer, the rest being multifactorial. Thus, negative DNA tests do not eliminate the need for annual screening. Testing of the minor daughters would raise the ethical issues of informed consent and autonomy (parent versus child), but would probably be pursued because of the advantages of early screening or prophylactic mastectomy.   

5. The physical findings are characteristic of diseases with loose connective tissue, and the father-son affliction most suggestive of autosomal dominant diseases like Marfan syndrome (154700).  These individuals are at risk for aortic dissection and sudden death and should not participate in collision or high intensity sports. Note that the history of “heart attack” in the father was probably an aortic dissection, stressing the need for medical and autopsy information to discriminate among cardiac causes of sudden death (see Chapter 12). 

6. The family history and presence of hypertension is suggestive of an autosomal dominant renal disorder, and the dominant form of polycystic kidney disease (173900) could be found in OMIM. This disease may be silent, causing severe hypertension and presenting with strokes at an early age. Early diagnosis in at-risk individuals (this man was at 50% risk) is important for treatment of hypertension. The 30-year-old man should have imaging studies to confirm the diagnosis followed by imaging studies of his two apparently normal sons and siblings. 

7. The history suggests alcoholic cirrhosis, which can be familial due to the multifactorial determination of both alcoholism and susceptibility to cirrhosis from alcohol exposure (the average person requires 20 years of 4-drinks per day to have a 10% chance for cirrhosis. There is also the possibility of an autosomal recessive disorder with liver damage exacerbated by drinking, such as hemochromatosis (235200). Many multifactorial disorders like alcoholism and schizophrenia are under study with single nucleotide polymorphisms (SNPs or snips), which are more plentiful and informative than HLA variations. These studies seek to define DNA polymorphisms (markers) that are associated with the abnormality (allele association) through pathogenesis or common descent. Genetic linkage requires that the marker gene occupy a chromosome position next to the disease gene. 

8. The combination of liver disease with possible psychotic behavior could represent acute alcoholism alone or mental illness with alcoholism. The sister’s death from liver disease could be compatible with multifactorial determination, but the early onset and unusual nature of the man’s symptoms should bring up the possibility of Mendelian disease. Rare disorders such as Wilson disease (277900) should also be considered, and a Kaiser-Fleischer ring around the iris may be diagnostic (see Chapter 12).  Normal parents with affected male and female sibs would not be compatible with autosomal or X-linked dominant disease. A diagnosis of Wilson disease would imply a 25% risk for each sibling to be affected and a low recurrence risk for the patient’s offspring. 

9.  A karyotype can determine the number and structure of chromosomes in representative tumor cells.  It does not analyze DNA, RNA, or proteins related to particular genes, including enzyme activities.  Lipid inclusions would be noted by microscopic examination of tumor cells, not by karyotyping. 

10.  A normal karyotype excludes chromosome disorders, but requires dividing cells (frozen cells cannot be induced to divide).  Blood typing measures the surface antigens of red blood cells and is not relevant to karyotyping.  A representative chromosome contains 8-10,000 genes, so that a karyotype does not have the resolution to study individual genes such as that for cystic fibrosis.  

11.  Since the diploid genotypes of offspring are reconstituted by joining of alleles from egg and sperm, ratios of gametic alleles can be converted to probabilities for genotypes in offspring.  Both parents have Aa genotypes, producing a 1:1 ratio of A:a alleles in eggs or sperm.  Assuming equal effectiveness in fertilization, the ratio of 1:2:1 for AA:Aa:aa genotypes can be predicted by using a Punnett square (see Chapter 2).
12. The parents will be carriers, having an Aa genotype with normal allele A and abnormal allele a for albinism. They had a greater chance of having the same abnormal allele a because of their common ancestors (consanguinity). The odds of albinism in each future pregnancy (recurrence risk) is that of having a child with an aa genotype
13.  The woman and her father must both be carriers of cystic fibrosis with genotypes of Cc, with C being normal and c the abnormal allele. Their incestuous union produced an affected child with genotype cc, a 25% risk.  An unrelated Caucasian husband would have a low chance to be a carrier, calculated as approximately twice the square root of disease incidence: cystic fibrosis has a 1 in 1600 incidence in Caucasians so that the chance an individual is a carrier is 1/40 X 2 = 1/20. The risk for the couple to have a child with cystic fibrosis is therefore 1 (wife’s chance to be carrier) x 1/20 (husband’s chance to be carrier) X ¼ (chance child is affected if both are carriers = 1/80 or less than 2%. African-Americans have a lower incidence of cystic fibrosis with a resultant lower risk for an affected child.

14.  Mendelian inheritance can produce 1:1 ratios of offspring (answer A) and, less frequently, could produce discordant monozygous twins through the operation of variable expressivity.  Polygenic inheritance would apply to traits that regress toward the mean, quantitative phenotypes, or environmental modulation of phenotype in discordant monozygous twins.  Mendelian phenotypes relate to alternative alleles at a single genetic locus.  Since each allele segregates during meiosis and is carried by equal numbers of gametes, half of the offspring can receive one allele, half the other, polygenic inheritance also involves meiotic segregation of alleles, but in this case numerous loci interact to produce an aggregate phenotype.  Offspring inherit numerous alleles from each parent, producing a phenotype that regresses towards the mean of parental traits. 

15.  A man with autosomal dominant polydactyly might be represented by genotype Pp at the polydactyly locus, with the polydactylous allele P being dominant to p.  Segregation of alleles P and p at meiosis would produce equal numbers of sperm with P or p alleles.  Each offspring would have a ½ chance of receiving the P allele and of having polydactyly.  Since chance has no memory, the probability of two affected children would be the product of independent probabilities = ½ X ½ = ¼ or 25% (answer D).

16.  Autosomal dominant traits require one rather than two abnormal alleles at a locus.  This and the resulting vertical pedigree pattern distinguish autosomal dominant from autosomal recessive traits, and the affliction of both sexes distinguish them from X-linked recessive inheritance.  The exception is E.

17.   Males cannot transmit an X-linked disorder to their sons because they must have received the father’s Y chromosome.  The oblique pedigree pattern, affected males with carrier females, and existence of new mutations differentiate X-linked recessive inheritance from autosomal recessive or dominant inheritance.  For sporadic cases—that is, cases without a family history—the chance that the mother is a carrier is 2/3 and that her son represents a new mutation is 1/3. This rule was deduced by J. B. S. Haldane and is based on the fact that the mother has two X chromosomes that could be the site of a mutation, while her son has one. The exception is B.

18-20. The presence of polydactyly in grandfather and grandson but not in the father implies incomplete penetrance (answer C). Sensorineural deafness is one of many diseases that exhibit genetic heterogeneity (answer A), which means that mutations at several different loci can produce identical phenotypes. Autosomal dominant disorders often vary in severity within families (variable expressivity, answer D), as illustrated by the family with neurofibromatosis.  Incomplete penetrance differs from variable expressivity by its complete lack of disease signs or symptoms.

21-24. Integration of Native American communities with surrounding populations will increase the frequency of blood type O (see Chapter 4) by gene flow (answer C).  Genetic isolation and inbreeding in populations such as the Pennsylvania Amish may augment the frequency of alleles in founders, like the allele for Ellis van Crevald syndrome (answer E). If colonists of uninhabited territories have an unusual allele like that for colorblindness, then the frequency of this allele may be higher in their descendents through founder effects and chance increases by genetic drift (answer D).  Selection occurs when the environment (external or intrauterine) produces decreased survival or fewer offspring of individuals with certain genotypes (decreased fitness).  Positive selection increases the frequency of certain alleles, and may counter the negative fitness of affected homozygotes by advantaging heterozygotes (e.g., malaria with sickle cell alleles, cholera with cystic fibrosis alleles).  Negative selection will decrease allele frequencies, exemplified by the expected decreased survival of people who couldn’t sweat (and decrease in frequency for Ellis van Crevald allele) in tropical central Africa (answer B). 

25-28.The Southern blot named after scientist Ed Southern allows separation of DNA fragments by size, transfer to a membrane to provide a stable imprint of the size-separated DNA (e.g., from a human cell), and hybridization to a radioactive/fluorescent DNA probe (e.g., from a globin gene) to select DNA fragments related to the probe (e.g., globin gene fragments). Deletion of a globin gene would cause imbalance of the resulting globin proteins and produce thalassemia (answer 27A--see Chapter 6). The polymerase chain reaction (PCR) employs a heat-stable DNA polymerase to allow multiple cycles of heat denaturation and DNA polymerization between two primers; resulting amplification of a single gene fragment allows hybridization with oligonucleotide probes (allele-specific oligonucleotides or ASO) to determine if the patient’s DNA contains normal or mutant (e.g., sickle cell globin) alleles (answer 27C), Diseases with unstable triplet repeats like fragile X syndrome will have enlarged DNA fragments in affected individuals that can be detected by Southern blot (answer 29B). Before the era of DNA diagnosis genetic diseases were recognized by examination of protein products, exemplified by hemoglobin electrophoresis (answer 30D). 

29-30. A radioactive or fluorescent DNA or RNA segment is used to detect complementary nucleotide sequences by DNA/DNA or DNA/RNA hybrid (answer 31C). Primers are short oligonucleotides used to initiate DNA polymerization during sequencing or polymerase chain reactions (answer 32E). Vectors are DNA molecules used to incorporate genes of interest, and the recombinants shown to contain the targeted gene are clones.  Enhancer sequences (located at various positions within or flanking a gene) increase the rate of transcription initiation from promoter sequences upstream of a gene.  
31-34. The hallmarks of individuals with chromosomal anomalies are mental retardation and multiple congenital anomalies. In this case, the individual has learning problems that have not yet been recognized as mental retardation, and he has subtle (minor) anomalies rather than major birth defects that cause cosmetic or surgical problems (answer D).  The physician was astute to suspect a chromosomal anomaly even when the developmental disability and alterations in physical appearance were subtle. The 47,XYY karyotype is an example of sex chromosome aneuploidy, as are the Klinefelter (47,XXY), Turner (45,X) and triple X (47,XXX) syndromes (answer C).  Sex chromosome mixoploidy implies mosaicism such as 45,X/46,XX with two cell lines in one individual.  Autosomal trisomies include Down syndrome (47,XX+21; trisomy 21), Patau syndrome (47,XX+13; trisomy 13), and Edwards syndrome (47,XY+18; trisomy 18).

The different homologues of the X and Y sex chromosomes allow easy visualization of chromosome sorting during meiosis. Female meiosis only involves X chromosomes; thus, Y chromosomal abnormalities must arise during paternal meiosis or occur spontaneously in offspring.  Non-disjunction at paternal meiosis I produces XY secondary spermatocytes and a 24,XY gamete. Fertilization with a 23,X ovum yields a 47,XXY individual (Klinefelter syndrome). Only nondisjunction at paternal meiosis II produces a 24,YY gamete that yields a 47,XYY individual after fertilization. 

38. The recurrence risk for aneuploidies caused by meiotic non-disjunction is about 1% in addition to the maternal age-related risk (answer B).  It is not known why the risk for aneuploidy increases slightly after an affected child is born, but parental karyotypes are almost always normal.  Surveys of penal institutions have revealed an increased incidence of 47,XYY individuals, but other conditions with mental disability are increased as well.  As with other chromosomal syndromes, the phenotype of 47,XYY is variable and can be found coincidentally in normal males.  It would therefore be inappropriate to label a child as abnormal in school unless there were previous concerns about a medical disorder.  Males with Klinefelter syndrome (47,XXY), rather than those with 47,XYY syndrome, are often sterile and may require supplementation with male hormones.  

35. Cell death can occur by deprivation of oxygen to tissues or by exposure to other toxic agents.  Apoptosis (answer E) is a type of programmed cell death that is utilized in many developmental processes.  As with cell growth, cell death is controlled by interactions of several proteins in signal transduction pathways.   Specific proteins called caspases, with homology to ced proteins originally described in the worm C. elegans, are the agents of protein degradation and mitochondrial dysfunction that occur in apoptosis.  Cell fusion is part of the technique of somatic cell hybridization that allows two nuclei to be placed in the same cytoplasm (heterokaryon). Cell adhesion involves various types of cell adhesion molecules (CAMs) that form links or junctions between cells. 

36. The uptake of DNA by cells in culture to produce new cellular features is called DNA transformation (answer B). DNA transfection is a similar process that utilizes infection with viral vectors to insert DNA into the cell nucleus.  Both techniques allow the transfer of new genes into the cell, with variable efficiencies of DNA uptake and integration.  Growth of the cells in selective media is usually required to produce cell lines with permanent integration of the foreign DNA.  Selection for accelerated growth occurs naturally in the case of oncogene transformation, while other transgenes require joining to genes that confer antibiotic resistance the transformed cells.  Growth in the presence of antibiotics then allows only resistant cells to survive, ensuring the selection of transformed cells.  DNA ligation, DNA recombination, and DNA replication refer to joining, breakage/reunion, and making new copies of DNA segments.

37. Proto-oncogenes encode cellular proteins involved in signal transduction and growth regulation.  When disrupted by mutation, they become cellular oncogenes (c-onc).   When taken up by viral DNAs that integrate nearby in the genome, they may mutate to enhance cell proliferation and viral replication (v-onc).  Since a translocation will disrupt only one of two alleles at an autosomal locus, the disrupted gene would be classified as a proto-oncogene rather than a tumor suppressor gene that requires inactivation of both alleles to cause tumor transformation (answer E).  If the translocation occurred in cells that had already sustained a first hit (e.g., the retinal cells of a person with inherited predisposition to retinoblastoma), then it would constitute the second hit affecting a tumor suppressor gene.   Since disruption of the proto-oncogene produces tumors in this example, the proto-oncogene would be analogous to transforming growth factor-( that suppresses rather than enhances cell growth in certain tissues.

38. A sibling must have identical HLA alleles at key loci in order to be a lasting donor.  Since there are two alleles at each locus, the chance for two siblings to inherit the same allele from a parent is ½, with a chance for both alleles to be identical of ½ X ½ = ¼ or 25% (answer D).  Although the chances for identity at all of the HLA loci might appear slim, these loci are closely linked on chromosome 6 and are thus usually inherited as a unit (HLA haplotype).  For example, a child who inherits a maternal chromosome 6 with the HLA B27 allele is likely to inherit HLA A, C, and D alleles that reside on the same chromosome.

39. The Rh locus contains many different genes, with those encoding the C, D, and E antigens being most responsible for Rh incompatibility.  Of these, the D antigen is most potent, meaning that fetuses who inherit a D antigen from their father can provoke an antibody response in D negative mothers.  The maternal anti-D antibody then crosses the placenta and destroys fetal red blood cells, producing anemia, tissue swelling (fetal hydrops), and excess bilirubin (jaundice).  Since a first pregnancy is usually required to produce anti-D antibodies, administration of blocking antibodies in the form of gamma globulin (Rhogam) during this pregnancy can prevent Rh disease in subsequent pregnancies.  Although the D+ mother with a CD+ baby in her second pregnancy could produce Rh disease with anti-C antibodies, the CE+ mother with a CDE+ baby would be at highest risk for Rh disease in the fetus since D antigens provoke a more potent immune response (answer E).

40. ABO incompatibility produces less severe fetal disease than Rh incompatibility, but it can result in fetal anemia and jaundice. Type O mothers with type A or B fathers will be at risk to have incompatible fetuses, so absolute prevention would require selection of type O suitors (answer A).  Isohemagglutinens such as the anti-A or B antibodies are already present in the blood of most adults, explaining the occurrence of transfusion reactions upon the first exposure to incompatible blood.  Isohemagglutinens are thought to arise to related antigens in intestinal bacteria or from exposure to infectious organisms.  Since maternal isohemagglutinens are present prior to her first pregnancy, blocking antibodies to inhibit an immune response are not useful in ABO incompatibility.

41. Mother is positive for Rh C antigen and negative for Rh D antigen.  She will therefore have anti-B antibodies and may have developed anti-D antibodies if she did not receive Rhogam.  Under these conditions, the fetus will have a 75% chance to be type B or Rh D+ at be at risk for incompatibility (answer B).  

42-46. Alteration of the (-globin gene promoter region will produce decreased amounts of normally sized (-globin mRNA and protein. Such mutations are best detected by DNA analysis (answer A).  Mutations that significantly decrease the amounts of (-globin mRNA or protein produce imbalance of (- and (-globin peptide synthesis, causing thalassemia.  Thalassemias due to abnormal mRNA splicing can be detected by altered size of (-globin mRNA (answer C), while those due to exon deletions will have altered size of (-globin protein (answer B).   Substitutions that change charged amino acids like lysine (terminal amino group) to neutral amino acids (like valine with no charged group) will alter the mobility of proteins by electrophoresis (answer D).  Those that affect the heme binding site will alter the affinity for oxygen (answer E).  

