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Genetics Review Examination for Nurses in Pediatrics
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 
Questions 1-4

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 disability
D. Supportive counseling for probable birth defects

E. Supportive counseling explaining the management plan 

4. Which of the following would be a plausible test result for this infant:

A. glu49phe

B. ΔF508/normal

C. 47,XX,+21

D. 46,XY

E. Clinitest 75

Questions 5-8
5. A female infant demonstrates inconsistent bottle feeding and exaggerated jaundice with a total bilirubin of 14 at day 2 of life. Your assessment reveals the infant is less responsive than early on your shift, and you note decreased muscle tone with a poor suck. The prenatal history is normal except that the mother and father are from Pakistan and are second cousins. Which of the following conditions would be most likely in this infant?

A. Chromosome disorder

B. Biliary atresia

C. Inborn error of metabolism

D. Lactose intolerance

E. Multifactorial disorder

6. The most important test on this infant would be:

A. Routine blood karyotype

B. Rapid FISH karyotype

C. Blood chemistries including glucose, electrolytes, pH

D. Blood chemistries including BUN and creatinine

E. Blood antibodies for TORCH agents

F. Urine clinitest

G. Urine amino acids

7. Blood chemistries on the infant revealed electrolytes of Na 145 K 5, Cl 100 HCO3 14  and pH 7.0, then which of the following tests are indicated?

A. Routine blood karyotype

B. Neonatal blood spot

C. Plasma acylcarnitine profile, urine organic acids

D. Urine acylcarnitine profile, blood organic acids

E. Urine amino acids

8. As the infant is being evaluated, a grandparent brings documentation from Pakistan showing a prior child of this couple died with a diagnosis of maple syrup urine disease. Which of the following would resources would provide information on the inheritance of this disorder?

A. Online Mendelian Inheritance in Man

B. GeneTests

C. Alliance of Genetic Support Groups

D. ISONG

E. ACOG

9.  Birth defects are by definition:

A. Familial

B. Congenital

C. Genetic

D. Multifactorial

E. All of the above

10.  A first‑born child presents with severe vomiting at 6 weeks of age.  Radiologic studies demonstrate a narrowing of the lower stomach that is known as pyloric stenosis.  There were no children with pyloric stenosis on either side of the family, but the mother did take antacids throughout the pregnancy.  You counsel that:

(A) Since most birth defects are related to drug ingestion, the antacids are a likely cause.

(B) The family history is normal, so genetic etiology is unlikely.

(C) Multifactorial, Mendelian, or chromosomal inheritance is possible even though this is the first case in the family

(D) Birth defects are usually due to environmental factors.

(E) Unaffected parents with an affected child suggest that a new mutation has occurred.

11. Bone marrow tissue is obtained from a 3-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

12.  A child with multiple birth defects has been evaluated 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.

13.  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 

14.  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%
15. 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%
16.   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

17.   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

18.  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

19.  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

20-21. 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

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

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

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

23-26. 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

23.   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.

24.   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.  

25.   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. 

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

27-30. 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
27. Diagnosis of thalassemia

28. Diagnosis of mutant alleles

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

30. Diagnosis of altered protein

31-32. 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

31. Probe

32. Primer

33. 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

34.   A child with cleft palate, a heart defect, and extra fifth fingers is found to have 46 chromosomes with extra material on one homologue of the chromosome 5 pair. This chromosomal abnormality is best described by which of the following terms?

(A)
Polyploidy

(B)
Balanced rearrangement

(C)
Aneuploidy

(D)
Mosaicism

(E)  Unbalanced rearrangement
35-38. A 10-year-old boy 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

35. 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) A child with ambiguous genitalia who needs genetic sex assignment.

(C) A child with multiple congenital anomalies and severe disability

(D) A child with mild disability and subtle physical anomalies

(E) An indication other than those listed

36.  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

37. 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

38.  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 school receive a copy of the karyotype since these boys often become criminals

(D) Recommend testosterone supplementation when the boy reaches puberty

(E) Inform the parents that their child will be sterile

39. 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%

40. Waardenburg syndrome (193500) causes congenital deafness in virtually 100% of affected individuals, a white streak in the hair (poliosis), a broad space between the eyes (hypertelorism), and differently colored irides (heterochromia).  A mother has Waardenburg syndrome with all of the classic features, and her first child has deafness with hypertelorism.  What is the risk for her second child to have Waardenburg syndrome? 

(A) 100%

(B) 75%

(C) 50%

(D) 25%

(E) Virtually 0

41-46.  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

41. Oligohydramnios (scanty amniotic fluid)

42. Renal agenesis

43. Advanced paternal age

44. Advanced maternal age

45. Multiple miscarriages

46. Tearing of the amnion

47-55.  Match the following anomalies with the descriptions below

(A) Disruption

(B) Deformation

(C) Malformation 

(D) Dysplasia

(E) Sequence

47.  Club foot due to spinal cord dysfunction in spina bifida

48. Club foot as part of a dwarfing condition with short limbs and curved spine.

49.  Renal agenesis leading to oligohydramnios, club feet, small lungs, flattened face

50.  Amniotic band wrapping around a limb causing amputation

51.  Twin-to-twin circulation causing a clot with destruction of fetal brain substance (porencephaly)

52.  Club foot with no other anomalies, inherited by multifactorial determination

53.  Small jaw interfering with tongue descent and posterior palatal closure

54.  Small jaw  without other anomalies

55.  Club foot as part of a syndrome with heart and kidney defects but with an otherwise normal skeleton

56. A man loses a child because of failure to recover from anesthesia.  A diagnosis of succinylcholine apnea is made, and the man and his wife test positive as carriers for the A mutant allele.  Later, the man remarries and has a second family.  What are the risks that his new children will be at risk for succinylcholine apnea, given its incidence is about 1 in 250,000? 

(A)  1/30

(B)  1/60 

(C)  1/250
(D)  1/500
(E)  1/1000
57-61. 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.

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

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

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

60. Analysis to detect altered DNA sequence of promoter regions

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

62 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

63-65. Match each clinical situations below with the appropriate risk figure.

(A)
1/10,000

(B)
1/800

(C)
1/100

(D)
1/10

(E)
1

63. The risk for a newborn to have Down syndrome

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

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

66–68.  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

66.  Male with trisomy 21 (Down syndrome)

67.  Female with monosomy X (Turner syndrome)

68.  Female with monosomy 21

69. A child has a small head, minor anomalies of the face including a thin upper lip, growth delay, and developmental disability.  His mother becomes defensive when asked about her pregnancy.  The child is likely to have:

(A) a chromosomal syndrome

(B) a teratogenic syndrome

(C) a Mendelian syndrome

(D) a polygenic syndrome

(E) an association

70.  A newborn has multiple blood vessel tumors (hemangiomas) over his trunk and legs, together with a large head and body asymmetry.  He has:

(A) a malformation syndrome

(B) a deformation syndrome

(C) a disruption syndrome

(D) a dysplasia syndrome

(E) an association

71.  A child has congenital contractures (bent limbs) due to a large uterine fibroid that her mother developed during pregnancy.  The child has:

(A) a malformation syndrome

(B) a deformation syndrome

(C) a disruption syndrome

(D) a dysplasia syndrome

(E) an association

72.  Several patients are described with similar congenital anomalies including defects of the sacral vertebrae, kidneys, anus, and trachea.  The children do not have minor anomalies and their faces do not resemble one another. The child most likely has:

(A) a malformation sequence

(B) a deformation syndrome

(C) a disruption syndrome

(D) a dysplasia syndrome

(E) an association

73-75. 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

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

74. Unborn sibling of a child with congenital heart defect

75. Grandchild of a person with spina bifida

76-80.A 3-day-old infant is the fourth child of immigrant parents.  She stops feeding, becomes lethargic, and appears more noticeably jaundiced.  In addition to cultures of blood, cerebrospinal fluid, and urine, a blood pH of 7.1 is found.  The electrolytes show a sodium of 135, potassium 4, chloride 99, and bicarbonate 15 milliequivalents per liter.  A family history reveals that the parents are first cousins, and that prior child died in the nursery because of infection.

76. The blood pH and electolyte values suggest:

(A) Alkalosis with high bicarbonate

(B) Increased anion gap with acidosis

(C) Increased anion gap with alkalosis

(D) Acidosis with high bicarbonate

(E) Alkalosis with low bicarbonate

77.  The most important metabolic test in this setting is:

(A) Blood glucose

(B) Blood amino acids

(C) Blood organic acids

(D) Urine amino acids

(E) Urine organic acids

78.  Other initial metabolic tests to consider would be:

(A) Blood glucose

(B) Blood carnitine

(C) Blood amino acids

(D) Blood ammonia

(E) All of the above

79. The disease category that best describes this child is:

(A) Catastrophic disease of the newborn

(B) Sudden infant death syndrome (SIDS)

(C) Large molecule storage disease

(D) Urea cycle disorder

(E) Amino acid disorder

80. The finding most suggestive of metabolic disease is:

(A) A prior child dying from infection

(B) Abnormal blood pH

(C) Increased amount of jaundice

(D) Consanguinity in the parents

(E) Absence of documented infection in the baby

Genetics Review Examination for Nurses in Pediatrics--Answers

1D 2B 3E 4C 5C  
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Genetics Review Examination for Nurses in Pediatrics--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. The chromosome result of 47,XX+21 (trisomy 21) would be feasible for this female infant, not a glutamic acid to phenylalanine amino acid change (glu49phe) or deletion of the 3 nucleotide codon for phenylalanine (single letter code F) in DNA (ΔF508/normal); 46,XY is a normal male karyotype.

Questions 5-8
The inconsistent bottle feeding and exaggerated jaundice with parental consanguinity (relatedness) would be consistent with an inborn error of metabolism, initially screened by glucose, electrolytes and pH. The finding of an anion gap acidosis (Na + K)-(Cl + HCO3) = >12-14 suggests a hidden metabolic acid in the blood, best detected by plasma acylcarnitine profile and urine organic acids (blood amino acids can also be obtained but urine amino acids are rarely helpful). The details of genetic disorders like maple syrup urine disease are conveniently found in OMIM.

9.  Congenital disorders are present at birth, but may not occur in the family history (familial) or be caused by genetic factors (genetic).  Multifactorial determination indicates that the cause for a disease involves both genetic and environmental factors.

10.  Although more than 50,000 chemicals are known, few are teratogens (drugs causing congenital anomalies).  It is important to resolve maternal guilt by providing references that antacids are not implicated as teratogens (e.g., Shepard, 1995).  Pyloric stenosis is a multifactorial disorder, but any genetic mechanism could apply in this situation.

11.  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. 

12.  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.

13.  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).
14. 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
15.  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.

16.  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. 

17.  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).

18.  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.

19.   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.

20-22.  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.

23-26.  Integration of Native American communities with surrounding populations will increase the frequency of blood type O (see Chapter 4) by gene flow (answer 23C).  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 25E). 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 24D).  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). 

27-30. 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). 

31-32.  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.  33. 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).

34. Chromosomal abnormalities may involve changes in number (i.e., polyploidy and aneuploidy) or changes in structure (i.e., rearrangements, such as translocations, rings, and inversions). Extra material (i.e., extra chromatin) seen on chromosome 5 implies recombination of chromosome 5 DNA with that of another chromosome to produce a rearranged chromosome (answer E). Since this rearranged chromosome 5 takes the place of a normal chromosome 5, there is no change in number of the autosomes (non-sex chromosomes) or sex chromosomes (X and Y chromosomes). The question implies that all cells karyotyped from the patient (usually 11–25 cells) had the same chromosomal constitution, ruling out mosaicism. The patient’s clinical findings are similar to those occurring in trisomy 13, suggesting that the extra material on chromosome 5 is derived from chromosome 13, producing an unbalanced karyotype called dup(13) or partial trisomy 13.

35.  The hallmarks of children 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. 

36. 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).

37. 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.  

39. 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.

40. Malformation syndromes are patterns of multiple congenital anomalies.  When inherited as a Mendelian trait, a syndrome can be attributed to the multiple (pleiotropic) effects of a gene that is important in development.  The first digit of the McKusick number indicates that Waardenburg syndrome is autosomal dominant, meaning that the mother has a 50% chance to transmit her abnormal allele with each pregnancy.  Although her first child did not have all features of the syndrome, the typical deafness and hypertelorism is compatible with transmission of Waardenburg syndrome from the mother.   The risk for the next child to inherit the same abnormal allele is 50% (answer C).   Syndromes often exhibit variable features in different individuals with the same mutant gene.  The differences undoubtedly relate to the cascade of regulatory pathways that separate the developmentally important gene from its phenotypic effects.  Variable expression is also expected for autosomal dominant disorders, making it even more acceptable for the child to have different features from the mother.  Testing to confirm the diagnosis of Waardenburg syndrome is now available since it results from mutations in the PAX3 gene (Table 9.5). 

41-46. Fetal constraint due to oligohydramnios will produce deformations (answer 41B), as will renal agenesis that produces oligohydramnios because of absent fetal urine (answer 42B). Advanced paternal age is associated with new mutations that will be evident for autosomal dominant disorders (answer 43C), while advanced maternal age and multiple miscarriages are associated with higher risk for chromosomal disorders (answer 44A, 45A).  Tearing of the amnion produces amniotic bands that can wrap around developing structures and cause disruptions (answer 46D).  

47-55. Club foot anomaly can occur via several mechanisms, including deformation due to absent innervation and spina bifida (answer 47B), dysplasia of the lower limb (answer 42D), as an isolated malformation (answer 52C) or part of a malformation syndrome (answer 55C).  Renal agenesis causes scanty amniotic fluid (oligohydramnios), fetal constraint, and a pattern of small lungs (no fluid for fetal breathing), flat face, and club feet that is known as Potter sequence (answer 49E).  Amniotic bands can interrupt blood supply and disrupt normal development (answer 50A), as can blood clots from connected twin circulations (answer 51A).  The sequence of small jaw interfering with tongue descent and palatal fusion is called Pierre Robin sequence (answer 53E), while an isolated small jaw without evidence of fetal constraint would most likely be a malformation (54C).

56. The man and his first wife were carriers for a mutation in butyrylcholinesterase (see Chapter 4). The second wife has a chance of twice the square root of disease incidence to be a carrier (from the Hardy-Weinberg law) = 1/500 X 2 = 1/250.  Their risk to have an affected, child, given both are carriers is 1 X 1/250 X ¼ = 1/1000 (answer E).

57-61. 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). See chapter 6 for discussion.  

62. 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.

63-65. 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).

66-68. 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.

69. The small head (microcephaly), thin upper lip, and growth delay are typical of the fetal alcohol syndrome, which may explain the mother’s defensiveness about the gestational history.  Drugs that cause birth defects (teratogens) interrupt normal developmental processes and can be defined as disruptions.  The multiple anomalies caused by alcohol cause a teratogenic syndrome ((answer B).

70.  Abnormal proliferation of blood vessels is an intrinsic abnormality of tissue (dysplasia) within a developing organ.   The occurrence of vessel proliferation (hemangiomas) at several different sites in the body qualifies as a dysplasia syndrome (answer D).  The benign vessel tumors, large head, and body asymmetry would also qualify as a hamartosis syndrome (see Table 11.5).

71. Extrinsic constraint on developing organs can interrupt normal development and cause deformations.  Abnormal constraints such as uterine fibroid tumors or uterine anomalies can deform developing organs in otherwise normal fetuses, while normal uterine constraint can cause deformations in fetuses with low motor tone (hypotonia) and decreased movement.  The multiple contractures described here can be classified as a deformation syndrome (answer B).

72. Multiple congenital anomalies can be described as a syndrome, but the presence of major anomalies without a pattern of minor anomalies is more precisely described as an association (answer E). 

73-75. 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).

76-80. The child suggests catastrophic disease of the newborn (answer A) because of sudden disease with lethargy and acidosis.  The low pH and increased anion gap (139-114 = 25, answer D) suggest the possibility of an organic acidemia, which is best diagnosed by urine organic acids (answer E).  Recall that amino acids are retained by the kidney and best tested in blood (except for disorders of renal transport like cystinuria) and that organic acids are excreted by the kidney and best screened in urine.  Organic acidemias can cause hypoglycemia, elevated amino acids like glycine, elevated blood ammonia, and depleted carnitine (answer E).  The prior death in the family was probably due to unrecognized metabolic disease rather than sepsis, but the undisputed fact in the history that suggests metabolic disease is parental relatedness (answer D).

