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Genetics Review Examination for Nurses in Obstetrics-Gynecology
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 the following questions

Questions 1-3
1. A term female infant to a 37-year-old mother with three prior children has a low birth weight and a poor latch for breast-feeding the first 24 hours of life. Mother had first trimester maternal serum screening (quad screen) that was normal. Your assessment of the baby reveals an unusual facial appearance with a broad nose and extra skin folds on the neck. Based on the history, which of the following is the most likely reason for poor breast-feeding in this child: 

A. Maternal incompetence

B. Autosomal dominant disorder in mother

C. X-linked recessive disorder in child

D. Chromosomal disorder in child

E. Multifactorial disorder in child

2. Which of the following is an important test to consider for this infant along with the expected time to receive results?

A. Routine blood karyotype, 2-4 hours

B. Routine blood karyotype, 2-4 days

C. DNA chip for Mendelian disorders, 2-3 days

D. DNA chip for Mendelian disorders, 2-3 weeks

E. Neonatal blood spot, 2-4 hours

F. Neonatal blood spot, 7-10 days

3. Prior to receiving test results, the most important aspect of care along with evaluating the feeding problem is:

A. Genetic counseling regarding recurrence risk

B. Genetic counseling regarding prenatal diagnosis

C. Supportive counseling for future mental retardation

D. Supportive counseling for probable birth defects

E. Supportive counseling explaining the management plan 

Questions 4-5
A 21-year-old female was referred to obstetric clinic from the emergency room after a diagnosis of malnutrition and a positive pregnancy test. She had been brought in by the police for vagrancy and alcoholism, exhibiting poor hygiene and nutrition on examination. She also was affected with cystic fibrosis, having a milder disease course, and a sister had a child with spina bifida. Fetal ultrasound revealed a fetus of about 3 months gestation with very small head circumference, abnormal head shape, and intrauterine growth retardation. 

4. The poor nutrition and unplanned pregnancy caused the young woman to miss the following standards of care:

A. Amniocentesis because of higher risks for chromosome abnormalities and cystic fibrosis

B. Triple/Quad screening with ultrasound to screen for fetal chromosome abnormalities

C. Preconception counsel including provision of vitamins with folic acid

D. Prosecution because of suspected alcoholism causing damage to the fetus

E. Preimplantation genetic diagnosis of to avoid the high risk for fetal cystic fibrosis

5. Which of the following birth defects would be most likely to occur in this situation?

A. Congenital heart defect

B. Omphalocele

C. Anencephaly

D. Tracheo-esophageal fistula

E. Anal atresia

6. A Caucasian couple in the 20s comes in for preconception counseling regarding their first pregnancy. They have had no prior miscarriages or infertility and their family histories are normal. This lack of risk factors means that their risk for fetal abnormalities in this pregnancy is approximately:

A. 50%

B. 25%

C. 10%

D. 2-3%

E. <1%

7. Which of the following genetic screening tests should be considered for this couple?

A. Alpha-thalassemia

B. Beta-thalassemia

C. Tay-Sachs disease

D. Sickle cell anemia

E. Cystic fibrosis

Questions 8-9

8. A couple present to an obstetric nurse for counseling because they have had three early miscarriages at 6-8 weeks gestation. Both are in good health without chronic illnesses, and neither has any family history of birth defects or miscarriages. Which of the following is an important contributor to miscarriages that can be tested in this couple?

A. Autosomal dominant disorders

B. Chromosomal disorders

C. Multifactorial disorders

D. Mitochondrial disorders

E. X-linked recessive disorders

9. Which of the following results is most plausible for this couple, along with its likelihood given their history?

A. Trisomy, 1%

B. Trisomy, 10%

C. Translocation, 2-3%

D. Translocation 20-30%

E. Turner syndrome, 10%

10.  A pregnant couple had a prior child with multiple birth defects who died at another hospital.  During the history, the parents describe some of the laboratory results that were obtained.  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) 1AA : 1 Aa : 1 aa

(B) 1AA : 1 Aa : 1 aa

(C) 1AA : 2 Aa : 1 aa

(D) 1AA : 2 Aa : 2 aa

(E) 1AA : 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 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

14.  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

15-18. 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
15. Diagnosis of thalassemia

16. Diagnosis of mutant alleles

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

18. Diagnosis of altered protein

19-20. 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

19. Probe

20. Primer

21. A couple is referred to the physician because the first three pregnancies have ended in spontaneous abortion.  Chromosomal analysis reveals that the wife has two cell lines in her blood, one with a missing X chromosome (45,X) and the other normal (46,XX). Her chromosomal constitution can be described as

(A)
chimeric

(B)
monoploid

(C)
trisomic

(D)
mosaic

(E)
euploid

Questions 22-23
22. A couple in their 20s present to an obstetric nurse for counseling because they had an early miscarriage where studies showed disorganized fetal tissue and a karyotype of trisomy 16.  Both are in good health without chronic illnesses, and neither has any family history of birth defects or miscarriages. What would be an important recommendation for their next pregnancy?
A. Parental chromosomes
B. First trimester quad screen
C. Chorionic villus sampling
D. Planned pregnancy and routine care

E. Preimplantation genetic diagnosis
23. Given appropriate testing, what is the risk for chromosome aberrations in the next pregnancy to this couple?

A. 100%

B. 50%

C. 25%

D. 20-30%

E. <1%

24.  A child with severe kidney failure has what chance that his or her sibling will have identical haplotypes at the HLA C locus?

(A) 100%

(B) 75%

(C) 50%

(D) 25%

(E) virtually 0%

25.  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

26.  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

27. 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

28-33. Match the following risk factors with the syndrome categories below:

(A) a chromosomal syndrome

(B) a deformation syndrome

(C) a Mendelian syndrome

(D) a disruption syndrome

(E) a malformation syndrome

28. Oligohydramnios (scanty amniotic fluid)

29. Renal agenesis

30. Advanced paternal age

31. Advanced maternal age

32. Multiple miscarriages

33. Tearing of the amnion

34-36.  Match each of the ethnic groups XE "ethnic groups" 

 XE "ethnic groups:African American" 

 XE "ethnic groups:Greek American" 

 XE "ethnic groups:Jewish American"  listed below with the genetic disorder commonly associated with it.

(A)
Cystic fibrosis

(B)
(-thalassemia

(C)
Tay-Sachs disease

(D)
(-1-antitrypsin deficiency

(E)
Glucose-6-phosphate dehydrogenase deficiency

34.   African Americans

35.  Chinese Americans

36.  Jewish Americans

37-41. 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.

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

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

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

40.  Analysis to detect altered DNA sequence of promoter regions

41.  Analysis to detect altered size of (-globin mRNA

42.  The cytogenetic term “6q+” refers to

(A)
46,XX,dup(6q)

(B)
extra chromosome material derived from the long arm of chromosome 6

(C)
46,XX,dup(6p)

(D)
extra chromosome material, origin unspecified, attached to the long arm of chromosome 6

(E)
47,XX,+6

43–45.  Match each clinical situation below with the appropriate risk figure.

(A)
1/10,000

(B)
1/800

(C)
1/100

(D)
1/10

(E)
1

43.  The risk for a newborn to have Down syndrome

44.  The theoretical risk for a 21/21 translocation carrier to have a child with Down syndrome

45. The risk for parents of a trisomy 21 child to have a second offspring with a chromosomal abnormality

46–48.  Match each of the genetic conditions below with the correct cytogenetic notation.

(A)
47,XX,+21

(B)
45,X

(C)
47,XXX

(D)
47,XY,+21

(E)
45,XX,-21

46.  Male with trisomy 21 (Down syndrome)

47.  Female with monosomy X (Turner syndrome)

48.  Female with monosomy 21

49.  Monozygotic twins with connected placental circulations can develop a pattern of vascular occlusions due to blood clots.  A twin with a brain cyst, absent kidney, cleft palate, and absent digits has a:

(A) Malformation syndrome

(B) Deformation syndrome

(C) Disruption syndrome

(D) Dysplasia syndrome

(E) Malformation sequence
50. At her first obstetric visit, a woman tells you she has a brother with mental disability.  She asks what the risk for mental disability will be for her current pregnancy.  You reply:

(A) Mental disability is a complex phenotype that is rarely genetic.

(B) Mental disability fits into the polygenic category with a low recurrence risk.

(C) It is imperative to establish a more specific diagnosis before counseling can be provided.

(D) It is imperative to perform a karyotype on her brother before counseling can be provided.

(E) The risk is significant but there is no prenatal diagnosis for mental disability.    

51.  An individual with genotype Aa at a genetic locus will produce:

(A) Only gametes with genotype Aa

(B) Only gametes with genotype a

(C) Only gametes with genotype aa

(D) Half of gametes with genotype A and half with genotype a

(E) Only gametes with genotype AA
52. A woman has two brothers with mental disability, and her mother also had a brother with mental disability plus two with normal cognitive function. The woman’s would occur if her fetus was:

A. Male—50%

B. Male—25%

C. Male <1%

D. Male or female—50%

E. Male or female—25%

53.  If allele B causes disease and allele b is associated with a normal phenotype, what is the chance that a baby born to a Bb mother will have the disease?  Assume that the father has a bb genotype and that there is no variable expressivity.

(A) 100%

(B) 75%

(C) 50%

(D) 25%

(E) Less than 1%

 54. The allele for normal hemoglobin is represented as A, and that for sickle hemoglobin as S.  A man with sickle cell trait (genotype AS) marries a woman who is also sickle trait.  What are their chances to have a child with sickle cell anemia (genotype SS)? 

(A) 100%

(B) 75%

(C) 50%

(D) 25%

(E) Less than 1%

55. A woman is distraught because she has had a child with spina bifida and believes her episode of influenza at 6 months gestation is responsible. You reply:

A. Influenza does not cause birth defects.

B. The neural tube forms in the first month, so infections in the second trimester should not affect it.
C. Congenital infections always produce syndromes, not single birth defects.
D. Spina bifida is due to an underlying Mendelian disorder
E. Spina bifida is due to an underlying chromosome disorder    

56-58. Many of the more common birth defects like cleft palate or congenital heart disease exhibit multifactorial determination. Although specific empiric risks can be specified as in Tables 4.2 and 4.3, general risks can be borne in mind relative to an affected person: identical twin, 20-30%; first-degree relative, 3-4%; two first-degree relatives, 5-8%; three first-degree relatives, 9-12%; second-degree relatives, 0.7-2 %, third-degree relatives and general population, less than 0.5%.  By reference to the person with a birth defect, match the relatives below with their proportion of genes in common and their concordance or recurrence risk:

(A)
100% genes in common, 20-30% concordance risk

(B)
50% genes in common, 3-4% concordance risk

(C)
50% genes in common, 3-4% recurrence risk

(D)
25% genes in common, 2% recurrence risk

(E)
12.5% genes in common, <0.5% recurrence risk

56. Twin brother whose twin sister has cleft palate by ultrasound

57. Unborn sibling of a child with congenital heart defect

58. Grandchild of a person with spina bifida

59-60. For each clinical presentation, discuss risks for the next pregnancy and the best prenatal diagnosis option.  

59. A couple in their early 30’s has a child with the trisomy 21 form of Down syndrome; they want the earliest and most accurate prenatal diagnosis..

A. Risk for Down syndrome 1%--first trimester quad screen plus ultrasound

B. Risk for Down syndrome 1%--chorionic villus sampling

C. Risk for Down syndrome 1%--amniocentesis

D. Risk for Down syndrome 10%--first trimester quad screen plus ultrasound

E. Risk for Down syndrome 10%--chorionic villus sampling

60. A couple in their 20’s has a child with spina bifida. They want the safest method of prenatal diagnosis. 

A. Risk for spina bifida 2%--first trimester quad screen plus ultrasound

B. Risk for spina bifida 2%--chorionic villus sampling

C. Risk for spina bifida 2%--amniocentesis

D. Risk for spina bifida 10%--first trimester quad screen plus ultrasound

E. Risk for spina bifida 10%--amniocentesis

Genetics Review Examination for Nurses in Obstetrics-Gynecology--Answers
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Genetics Review Examination for Nurses in Obstetrics-Gynecology--Solutions

Questions 1-4. 
Difficulty breast feeding by an experienced mother should prompt concern about a congenital disorder. The history of “advanced” maternal age (> 35) together with an unusual appearance in the child warrants consideration of a chromosome disorder. First trimester quad screen plus ultrasound will detect as many as 87% of fetuses with Down syndrome but sampling of fetal cells (e.g., chorionic villus sampling or amniocentesis) with karyotyping is required for definitive diagnosis of fetal chromosome disorders.
A routine blood karyotype requires a minimum of two days for culture and harvest before the white blood cell chromosomes can be inspected. Rapid FISH may be arranged with the cytogenetics laboratory when a common trisomy (13, 18, 21) is suspected, eliminating the need for cell division and providing results in 3-4 hours. DNA testing must be directed at a specific genetic disorder and neonatal blood spots are used for newborn metabolic screening.  Supportive counseling can always be provided through explanation of the concerns and plan; the family’s shock and inability to comprehend often mirrors the wait for definitive results and informative counseling.   

Questions 4-5
The importance of preconception counsel is recognized by the American College of Obstetrics and Gynecology (ACOG). Provision of folic acid prior to conception (the embryo will be at least 3 weeks along when mother misses her menstrual period) lowers the risk of neural tube defects (spina bifida, anencephaly) by 2/3. Neural tube defects exhibit multifactorial determination (see Chapter 4) with increased risk (0.5-1%) to relatives. The woman is affected with cystic fibrosis (219700--autosomal recessive) and would be a homozygote (genotype cc—see Chapter 3) but the father would be unlikely to be a carrier (at least 19/20 chance) and thus there would be no indication for prenatal diagnosis. A planned pregnancy could have included carrier screening for cystic fibrosis in the father. 

Questions 6-7
The risk for any type of congenital anomaly or genetic disease is 2-3% for the average pregnancy. This risk becomes 5-6% for disease when children are examined at age 2-3 years (e.g., developmental disabilities). Caucasians have an increased frequency of cystic fibrosis 

Questions 8-9
Balanced translocations in a parent are a cause for recurrent miscarriages because unbalanced gametes can be produced during meiosis, causing extra or missing chromosomes and developmental abnormalities in the conceptus (see Chapter 7). Couples with three miscarriages have an approximate 2-3% chance that one of them will carry a balanced translocation 

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.  Parents must give signed consent before medical records can be obtained.

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.  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).

14.  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.

15-18. 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 15A--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 16C), 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 17C). Before the era of DNA diagnosis genetic diseases were recognized by examination of protein products, exemplified by hemoglobin electrophoresis (answer 18D). 

19-20.  A radioactive or fluorescent DNA or RNA segment is used to detect complementary nucleotide sequences by DNA/DNA or DNA/RNA hybrid (answer 19C). Primers are short oligonucleotides used to initiate DNA polymerization during sequencing or polymerase chain reactions (answer 20E). 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.  
21. Turner syndrome represents a pattern of anomalies, including short stature, heart defects, and infertility. Turner syndrome is often associated with a 45,X karyotype (monosomy X) in females, but mosaicism (i.e., two or more cell lines in the same individual with different karyotypes) is common (answer D). However, chimerism (i.e., two cell lines in an individual arising from different zygotes, such as fraternal twins who do not separate) is extremely rare. Trisomy refers to three copies of one chromosome; euploidy, to a normal chromosome number; and monoploidy, to one set of chromosomes (haploidy in humans).

22-23. The average pregnancy has a 15% risk for miscarriage of which 50-60% are due to spontaneous chromosome aberrations. Trisomy 16 is only found in miscarriages and does not portend an increased risk for future pregnancies. Trisomy is not an indication for parental karyotyping, and this young couple would thus have less than a 1% risk for chromosome aberrations in their next pregnancy.

24. 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.

25.  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).

26. 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.

27.  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).  

28-33. Fetal constraint due to oligohydramnios will produce deformations (answer 28B), as will renal agenesis that produces oligohydramnios because of absent fetal urine (answer 29B). Advanced paternal age is associated with new mutations that will be evident for autosomal dominant disorders (answer 30C), while advanced maternal age and multiple miscarriages are associated with higher risk for chromosomal disorders (answer 31A, 32A).  Tearing of the amnion produces amniotic bands that can wrap around developing structures and cause disruptions (answer 33D).  

34-36. Different ethnic groups may develop different frequencies of certain alleles because of unique alleles in their ancestors (founder effect), chance fluctuations in allele frequencies during periods of small population size (genetic drift), and living in different environments (selection).  Once present, these differences in allele frequencies may be perpetuated by assortative mating or migrations, so that immigrant groups like African Americans retain their ancestral predisposition to sickle cell anemia.  Genetic counseling regarding carrier testing or prenatal diagnosis must therefore take into account the ethnic background, since African-American shave higher frequencies of glucose-6-phosphate dehydrogenase deficiency alleles, Ashkenazi Jews of Tay-Sachs alleles (answer C), Greeks and other Mediterranean peoples of (-thalassemia alleles, orientals of (-thalassemia alleles (answer B), Scandinavians of (-1-antitrypsin deficiency alleles, and Caucasians of cystic fibrosis alleles. 

37-41.  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).  

42. The term “6q+” is shorthand for a karyotype showing extra chromosomal material on the long arm of chromosome 6 (answer D). The origin of the extra material is not specified; therefore, clinical correlation or additional banding and molecular studies are needed to define from which chromosome the extra material is derived. When rearrangements are found, it is necessary to obtain karyotypes from the parents. This may define the extra material if the parent carries a reciprocal translocation (i.e., one of the parental chromosomes is deleted for the material that is attached to 6q). The notation dup(6q) specifies that the extra material is derived from the long arm of chromosome 6. The notation 47,XX+6 implies trisomy for the entire number 6 chromosome.

43–45. The incidence of Down syndrome at birth is approximately 1 in 800 live-born children with 95% being trisomy 21 (answer B). About 4% of Down syndrome patients have translocations that mandate parental karyotyping to determine if one of the parents is a balanced translocation carrier. The remaining 1% are mosaics, meaning that certain tissues are mixtures of trisomy 21 and normal cells. Translocation carriers have a 5 to 20% risk for unbalanced offspring with female carriers in general at higher risk than male carriers. Offspring of translocation 21/21 carriers should in theory all have Down syndrome, although some carriers have had normal children (answer E). The empiric risk for parents with a trisomy 21 child is 1/100 for a second child with chromosomal aneuploidy (answer C).

46-48. Cytogenetic notation provides the chromosome number (e.g., 46), the sex chromosomes, and a shorthand description of anomalies. Examples include the following: 47,XX+21 indicates a female with trisomy 21; 45,X indicates a female with monosomy X; or 45,XX221 indicates a female with monosomy 21. Note the absence of spaces between sympols, and the use of 45,X or 47,XXX for sex chromosomal aneuploidy rather than the more awkward 45,XX2X or 47,XX+X.

49. Cut-off of blood supply to a developing organ by clots or bands is classified as a disruption---an influence outside of the structure acts to perturb its development.  
50. Accurate recurrence risks can only be provided with a specific diagnosis. Genetic counseling is an educational process that can be provided to any family, but this woman must be told her brother needs an evaluation to distinguish between multifactorial and Mendelian mental retardation.
51. The genotype Aa will form paired alleles A and a that segregate at meiosis, giving half the gametes of allele A and half of allele a.

52. The family history implies X-linked recessive inheritance with her mother and maternal grandmother being carriers. The woman has a 50% chance to inherit the X chromosome with the abnormal allele from her mother, giving her a 50% chance to be a carrier and a 25% chance that any male child will be affected.  Females would not be affected in true X-linked recessive disease 
53. The Bb mother will produce 50% gametes with allele B and 50% with allele b, giving the baby a 50% chance to have genotype Bb and be affected.

54. The chances can be visualized by a Punnett square (see Chapter 3) or calculated as the joint probability that each parent will give their S allele (1/2 chance for each parent X ½ = ¼ or 25%).

55. Viruses like Rubella can cause syndromes or single birth defects, but they must be present during the period of embryogenesis (1 ½ to 8 weeks after conception).

56-58.  The twins are different sexes and must be dizygous, with 50% of their genes in common like siblings.  When twins share an anomaly, they are concordant (answer 3.6-B).  Siblings also share 50% of their genes, and the probability for recurrence of an anomaly in a subsequent sibling is called a recurrence risk (answer 3.7-C).  The degree of relationship depends on genetic distance, with first-degree (primary) relatives such as siblings, parents, and children sharing one-half or 50%  of their genes. Second-degree (secondary) relatives (grandparent-grandchild, uncle/aunt-niece/nephew) share one-fourth of their genes (answer 3.8-D).  Third-degree relatives (first cousins) share one-eighth of their genes such that the recurrence risk for a multifactorial disorder in a third-degree relative approaches the background risk (i.e., incidence in the general population).
59. The recurrence risk after one child with a chromosome anomaly is about 1% plus the maternal age-related risk.  Prenatal diagnosis can be accomplished most reliably by fetal karyotype, with level II ultrasound of the fetal head and femurs or maternal serum (-fetoprotein (MSAFP) providing risk modification for Down syndrome (Table 13.7).  Because this young couple has a relatively low recurrence risk, preimplantation diagnosis would be inappropriately demanding and expensive.  Chorionic villus sampling or amniocentesis would provide high diagnostic reliability with low risks (< 1 in 200) of fetal loss.
60. Neural tube defects such as anencephaly or spina bifida exhibit multifactorial determination with a 3-5% recurrence risk that varies slightly with ethnic background.  Preconceptional counseling should be provided to lower the risk with folic acid supplementation, and level II ultrasound targeted to the craniospinal axis with MSAFP levels would provide a high likelihood of diagnosis.  Amniotic fluid AFP could be used for confirmation, providing the additional advantage of a fetal karyotype. 

