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3
4 A 3-year-old boy is brought to the office for follow-up on intellectual disability and speech delay. Review of his developmental screening
5 questionnaire shows that the boy does not imitate his parents' activities, have a social smile, or show interest in other children. The patient has 8-
I 10 words in his vocabulary and does not combine them into 2-word phrases. There is also concern that his verbal comprehension is poor, and a
7 subsequent audiological evaluation was normal. The boy is up to date on all vaccinations and has no other significant medical history. Laboratory
g testing shows 226 CGG trinuclectide repeats in a gene located on the X chromosome. Which of the following is the most likely cause of this
g patient's clinical condition?
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A 3-year-old boy is brought to the office for follow-up on intellectual disability and speech delay. Review of his developmental screening
questionnaire shows that the boy does not imitate his parents' activities, have a social smile, or show interest in other children. The patient has 8-
10 words in his vocabulary and does not combine them into 2-word phrases. There is also concern that his verbal comprehension is poor, and a
subsequent audiological evaluation was normal. The boy is up to date on all vaccinations and has no other significant medical history. Laboratory
testing shows 226 CGG trinuclectide repeats in a gene located on the X chromosome. Which of the following is the most likely cause of this
patient's clinical condition?

A, Exon deletion [8%]
v B. Gene methylation [45%]
C. Impaired intron splicing [28%]
D.  Imprinting [9%]
E. Mismatch repair defect [8%]
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This patient has fragile X syndrome (FX5), the most common inherited cause of intellectual disability. Physical findings include

macroorchidism and dysmorphic facies (eg, long and narrow face, prominent forehead and chin). Neuropsychiatric disorders include

v
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developmental delay, attention deficit-hyperactivity disorder, and autism spectrum disorder (ASD). This patient's delayed language acquisition and
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This patient has fragile X syndrome (FXS), the most common inherited cause of intellectual disability. Physical findings include
macroorchidism and dysmorphic facies (eg, long and narrow face, prominent forehead and chin). Meuropsychiatric disorders include
developmental delay, attention deficit-hyperactivity disorder, and autism spectrum disorder (ASD). This patient's delayed language acquisition and
poor social skills are suggestive of ASD.

FXS is caused by a mutation of the fragile X mental retardation 1 (FMR7) gene on the long arm of the X chromosome. FAMR7 normally has 5 to

55 CGG trinuclectide repeats and can potentially expand during meiosis in cocytes. "Full mutation” is characterized by =200 CGG trinucleotide
repeats, which causes FMR1 hypermethylation. DNA methylation inactivates FR 1, preventing transcription and production of fragile X mental
retardation protein, thereby impairing neural development. Southern blot analysis is used to measure the degree of methylation and determine the
number of CGG repeats.

(Choices A and C) Exons ("expressed codons") are protein coding regions of DNA Introns are removed during intranuclear mRMNA processing
and not expressed in the final MRNA sequence. Abnormalities involving mRNA splicing do not play a role in FXS pathogenesis.

(Choice D) Imprinting refers to gene expression from only one parental allele, rather than from both. A mutation in the preferentially expressed
allele can result in Prader-Willi syndrome (FWS) or Angelman syndrome. PWS is caused by a paternally-inherited deletion of part of chromosome
15 while the maternal allele is not expressed. In contrast, Angelman syndrome is caused by a maternally-inhented deletion of the same portion of
chromosome 15 while the patemal allele is not expressed.

(Choice E) Defects in DNA mismatch repair genes cause Lynch syndrome, a condition characterized by an increased risk of hereditary non-
polyposis colorectal cancer and extraintestinal malignancies (eq, endometrial cancer).

Educational objective:
Fragile X syndrome is caused by an increased number of CGG trinuclectide repeats on the fragile X mental retardation 1 (FIR1) gene on the long
arm of the X chromosome. This leads to hypermethylation and inactivation of FMRT.
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w3
4 A B-year-old girl with chronic anemia requiring repeated blood transfusions is undergoing genetic testing. The patient's mother and older sibling
i 5 have a history of mild anemia. Her peripheral blood smear shows hypochromic, microcytic red blood cells, and hemoglobin electrophoresis
I reveals a predominance of hemoglobins F and A2, Sequencing of the B-globin gene is performed using the patient's erythroblast DNA. A
. 7 schematic representation of the gene and its transcribed RNA is shown in the image below.
L The base sequence indicated by the bold red arrow is responsible for which of the following functions?
Q
. 10 _‘ A Enhancement of transcription
11 s fie
f | B. Initiation of transcription
. 12
. 13 () C. Initiation of translation
. 14 \_‘ D. Repression of transcription
« 15 -
e ) B Termination of transcription
.
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. 27
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w3
4 A B-year-old girl with chronic anemia requiring repeated blood transfusions is undergoing genetic testing. The patient's mother and older sibling
i 5 have a history of mild anemia. Her peripheral blood smear shows hypochromic, microcytic red blood cells, and hemoglobin electrophoresis
I reveals a predominance of hemoglobins F and A2, Sequencing of the B-globin gene is performed using the patient's erythroblast DNA. A
. 7 schematic representation of the gene and its transcribed RNA is shown in the image below.
L The base sequence indicated by the bold red arrow is responsible for which of the following functions?
Q
. 10 _‘ A Enhancement of transcription
11 s fie
f | B. Initiation of transcription
. 12
. 13 () C. Initiation of translation
. 14 \_‘ D. Repression of transcription
« 15 -
e ) B Termination of transcription
.
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3
4 A B-year-old girl with chronic anemia requiring repeated blood transfusions is undergoing genetic testing. The patient's mother and older sibling
5 have a history of mild anemia. Her peripheral blood smear shows hypochromic, microcytic red blood cells, and hemoglobin electrophoresis

I reveals a predominance of hemoglobins F and A2, Sequencing of the B-globin gene is performed using the patient's erythroblast DNA. A

7 schematic representation of the gene and its transcribed RNA is shown in the image below.

8

Q

The base sequence indicated by the bold red arrow is responsible for which of the following functions?

« 10 A Enhancement of franscription [26%]
11 = e
v B. Initiation of transcription [64%]
12
o 13 C. Initiation of translation [4%]
.« 14 D. Repression of transcription [2%]
« 15
16 E. Termination of transcription [2%]
T I
« 18
- 19 Omitted
R |“ 54% 5 Seconds 08/27/2018
« 20 gorrec’[ ElLE g Answered comectly Time Spent Last Updated
21
. 22
= Explanation
. 24
5 This patient with chronic microcytic anemia requiring blood transfusions and a predominance of hemoglobins F and A2 on hemoglobin

electrophoresis likely has beta-thalassemia, a hereditary blood disorder characterized by reduced B-globin chain production.
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6
. - This patient with chronic microcytic anemia requiring blood transfusions and a predominance of hemoglobins F and A2 on hemaglobin
I electrophoresis likely has beta-thalassemia, a hereditary blood disorder characterized by reduced B-globin chain production.
9 The base sequence indicated by the bold red arrow in this patient's B-globin gene represents the CAAT box, a highly conserved (consensus)
« 10 sequence that functions as a promoter of transcription in the eukaryotic genome. It is typically located 70-80 bases upstream from the
11 transcription start site. The Hogness (TATA) box is a second promaoter region in the eukaryotic genome and is seen just to the right of the CAAT
« 12 box in the above image. The TATA box is generally located 25 bases upstream from the transcription start site. Both the CAAT box and the TATA
. 13 box promote initiation of transcription by acting as binding sites for general transcription factors and RNA polymerase Il
T (Choice A) Enhancer sequences bind activator proteins that facilitate bending of DNA. DMNA bending allows activator proteins to interact with
@ 43 general transcription factors and RNA polymerase |l at the promoter, increasing the rate of transcription. Enhancers can be located upstream or
16 downstream from the gene being transcribed and may be near the gene or thousands of base pairs away.
i A
% (Choice C) Translation is initiated in the cytoplasm when a ribosome recognizes the AUG (methionine) start codon on a mature mRNA strand.
15 The Kozak consensus sequence plays a major role in initiation of the eukaryotic translation process.
. 20 (Choice D) Silencers are similar to enhancers, but they decrease transcription rates by binding repressor proteins.
i (Choice E) Eukaryotic transcription termination is not completely understood. In prokaryotes, a palindromic code in the DNA template causes
- formation of a "hairpin” turn in the newly synthesized mRNA, which facilitates detachment of RNA polymerase from the DNA template.
23
= Educaticnal objective:
i The TATA and CAAT boxes are promoters of franscription in eukaryotic cells and are located approximately 25 and 75 bases upstream from the
5 transcription start site, respectively. They promote initiation of transcription by serving as binding sites for transcription factors and RNA
polymerase |1.
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4 A healthy couple, who recently emigrated from Eastern Europe, bring their 3-year-old son to the office for evaluation of an eczematous rash. On
i 5 examination, the child also shows signs of intellectual disability and gait abnormality and has a musty body odor. What is the likelihood that this
o couple's next child will be affected with the same diseaze?
i Z
. T ‘ A Same as the general population
9 () B. 1/32
. 10
( ) C. 1/186
11 =
- 12 ") D. 18
3 () E 14
. 14 _
. 15 ()R 482
16
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4 A healthy couple, who recently emigrated from Eastern Europe, bring their 3-year-old son to the office for evaluation of an eczematous rash. On
i 5 examination, the child also shows signs of intellectual disability and gait abnormality and has a musty body odor. What is the likelihood that this
o couple's next child will be affected with the same diseaze?
. 7
= A Same as the general population [4%]
9 B. 1/32[0%]
« 10
C. 1116 [3%]
11
.« 12 D 1/8 [4%)]
# & v ) E  1/4[82%]
. 14
. 1S F 1/2[4%]
16
.
« 18 Omittod
= ||| 82% 5 Seconds 11/22/2018
- 19 Correct answer Answered commecily Time Spent Last Updated
E
. 20
21
. Explanation
23
. 24 Intellectual disability, gait or posture abnormality, eczema, and a musty body odor are signs of phenylketonuria (PKU). PKU is an autosomal
+ 25 recessive disease caused by mutation of the gene that codes for phenylalanine hydroxylase. In the United States, phenylalanine levels are
26 measured in all necnates to screen for PKU.

Because PKU is inherited in an autosomal recessive fashion. both of the healthy parents must be heterozyaous carriers of the mutation. The
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. 8
a
« 10 ]
Explanation
11
« 12 o5 = : : ; ; ;
Intellectual disability, gait or posture abnormality, eczema, and a musty body odor are signs of phenylketonuria (PKU). PKU is an autosomal
@ recessive disease caused by mutation of the gene that codes for phenylalanine hydroxylase. In the United States, phenylalanine levels are
-4 measured in all neonates fo screen for PKU.
. 15
16 Because PKU is inherted in an autosomal recessive fashion, both of the healthy parents must be heterozygous carners of the mutation. The
17 prebability that their next child will inherit the disease is:
. 18 p1 = probability that the mother transmits the mutant allele = 1/2
. 19 pz = probability that the father transmits the mutant allele = 1/2
« 20
21 The probability that a child will inherit a mutant allele from each carrer parent is equal to p; X pz = 1/4, as these are independent events.
i Educational objective:
23 Intellectual disability, gait or posture abnormality, eczema, and a musty body odor in a toddler are signs of phenylketonuria (PKU). Maost infants
« 24 with PKU are born to 2 heterozygous carrier parents. The probability that heterozygous carrier parents will transmit an autosomal recessive
. 25 disease such as PKU to a child is 1/4.
26 . : -
Copyright © L'World. All rights reserved
. 27

Block Time Remaining: 00:00:33

@ Feedback Suspend End Block

. .. E11PM
D) ysoor0 WA



= ftem4.0f 40 = Phok <] > ? ' 4 J o}

Question Id: 1823 Previous  MNext Tutorial  Lab Values Calculator  Reverse Color o4 700

A newborn is examined immediately after an induced vaginal delivery for fetal growth retardation. On visual inspection, the infant has low-set
ears, a small mandible, and a prominent occiput. The neonate has a weak cry and increased tone of the extremities, including clenched hands
with second and fifth digits on top of the third and fourth digits. Cardiac auscultation reveals a harsh, IV/VI holosystolic murmur heard best at the
left sternal border. The infant is transferred to the neonatal intensive care unit for further workup and management. Which of the following is the
most likely chromosomal abnormality in this infant?

) A 5pdeletion
() B. 22q11 deletion
) C. 47, XX, +13
() D. 47, XX, +18

) E. AT, XX, +21
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TR
_ A newborn is examined immediately after an induced vaginal delivery for fetal growth retardation. On visual inspection, the infant has low-set
i 5 ears, a small mandible, and a prominent occiput. The neonate has a weak cry and increasad tone of the extremities, including clenched hands
I with second and fifth digits on top of the third and fourth digits. Cardiac auscultation reveals a harsh, IV/VI holosystolic murmur heard best at the
. 7 left sternal border. The infant is transferred to the neonatal intensive care unit for further workup and management. Which of the following is the
. 8 most likely chromosomal abnormality in this infant?
g -

6 A 5p deletion [7%]

11 B. 22q11 deletion [7%]
. 12

C. 47 XX, +13 [13%]

. 13
. 14 v D. 47 XX, +18 [64%]
@ 43 E. 47, XX, +21[6%)]

16
.
« 18
. 19 Lz ||| 64% 4 Seconds 09/1612018
. 20 gorrect elizfd Answered correcily Time Spent Last Updated

21
. 22

23 Explanation
. 24
« 25 This patient has trisomy 18 (Edwards syndrome), in which a complete exira copy of chromosome 18 is inherited as a result of meiotic

26 nendisjunction. This error in oocyte division occurs prior to ovulation and fertilization and increases with maternal age =35,

phic features include micrognathia, low-set ears, prominent occiput, and rocker bottom feet. Patients have significant h
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This patient has trisomy 18 (Edwards syndrome), in which 2 complete extra copy of chromosome 18 is inherited as a result of meiotic
nendisjunction. This error in cocyte division occurs prior to ovulation and fertilization and increases with maternal age =35,

Dysmorphic features include micrognathia, low-set ears, prominent occiput, and rocker bottom feet. Patients have significant hypertania,
including clenched hands with overlapping fingers. Anomalies of cardiac (eg, ventricular septal defect, patent ductus arteriosus),
genitourinary (eg, horseshoe kidney), and gastrointestinal (eg, Meckel's diverticulum, malrotation) systems are characteristic. Prenatal ultrasound
findings include fetal growth restriction, as seen in this patient. The majority of those affected die in utero; half of livebirths die by age 2 weeks.
Surviving patients have severe intellectual disability.

(Choice A) Cri-du-chat syndrome (5p deletion) presents with a weak or "cat-like" cry as well as hypotonia, failure to thrive, and developmental
delay. Phenotypic features include microcephaly, low-set ears, hypertelorism, and a broad nasal bridge.

(Choice B) Features of DiGeorge syndrome (22q11 deletion) include aortic arch anomalies, thymic hypoplasia/aplasia, and hypocalcemia
(parathyroid gland underdevelopment}. Phenotypically, necnates can present with hypertelorism, low-set ears, micrognathia, and cleft palate.

(Choice C) Trisomy 13 (Patau syndrome) presents with midline facial defects (eg, holoprosencephaly, cleft lip/palate), musculoskeletal

abnormalities (eg, polydactyly), and gastrointestinal anomalies (eg, omphalocele, umbilical hernia). Trisomy 13 is notably not associated with
overlapping fingers.

(Choice E) Trisomy 21 (Down syndrome} is the most common autosomal trisomy. Classic findings include a fiat facial profile, upslanting
palpebral fissures, low-set small ears, single transverse palmar crease, and hypaotonia.

Educational objective:
Trisomy 18, or Edwards syndrome, is most commonly the result of meiotic nondisjunction due to advanced maternal age. Key findings include
fetal growth retardation, hypertonia (clenched hands with overlapping fingers), rocker bottom feet, and cardiac/gastrointestinal/renal defects.

References

« The trisomy 18 syndrome.
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A 14-year-old boy with chronic anemia is being evaluated after experiencing several episodes of chest, back, and extremity pain. Peripheral blood
smear shows sickle-shaped red cells. Genetic testing reveals that the patient is homozygous for a point mutation in the beta-globin gene, resulting
in a glutamic acid to valine substitution at position 6. Sequencing of the beta-globin gene would most likely reveal which of the following changes?
(The genetic code is shown in the figure below.)

CAA — GTT

CAT - CTT

GAA — GUA

A

B

C. TTA—CTA
D

E. GAG— GTG
E

GTA — GAA
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o 1% Leu Ser | Stop | Stop A
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« 14 Leu Pro His Arg urrT
« 15 Leu Pro His Arg c
“ Leu Pro Gin Arg A
oot Leu Pro Gin Arg G
T
. 18 lle Thr Asn Ser uT
A lle Thr Asn Ser C
o lle Thr Lys Arg A
« 20 Met Thr Lys Arg G
21
Val Ala Asp Gly urT
- & val | Ala | Asp | Gly c
23 Val Ala Glu Gly A
. 24 Val Ala Glu Gly G
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A 14-year-old boy with chronic anemia is being evaluated after experiencing several episodes of chest, back, and extremity pain. Peripheral blood
smear shows sickle-shaped red cells. Genetic testing reveals that the patient is homozygous for a point mutation in the beta-globin gene, resulting
in a glutamic acid to valine substitution at position 6. Sequencing of the beta-globin gene would most likely reveal which of the following changes?
(The genetic code is shown in the figure below.)

CAA — GTT

CAT - CTT

GAA — GUA

A

B

C. TTA—CTA
D

E. GAG— GTG
E

GTA — GAA
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A 14-year-old boy with chronic anemia is being evaluated after experiencing several episodes of chest, back, and extremity pain. Peripheral blood
smear shows sickle-shaped red cells. Genetic testing reveals that the patient is homozygous for a point mutation in the beta-globin gene, resulting
in a glutamic acid to valine substitution at position 6. Sequencing of the beta-globin gene would most likely reveal which of the following changes?
(The genetic code is shown in the figure below.)

CAA — GTT [4%]
CAT — CTT [1%]
TTA — CTA [1%]

GAA — GUA [25%]

m =2 o B =

GAG — GTG [61%]

F GTA— GAA [5%]

. — ||| 651% 4 Seconds 02/02/2019
Eorrect AEE Answered commecily Time Spent Last Updated
Explanation

This patient has sickle cell disease (SCD), an autosomal recessive hematologic disorder resulting in hemoglobin molecules that polymenze

during times of hypoxic stress. SCD results from a DNA point mutation in the coding region of the hemoglobin beta-globin chain. This single

nucleotide substitution is a missense mutation that causes a glutamic acid to valine substitution at position 6 during protein translation.The ¥
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. 3
. 4
Explanation
. 6
. 7 This patient has sickle cell disease (SCD), an autosomal recessive hematologic disorder resulting in hemoglobin molecules that polymerize
. 8 during times of hypoxic stress. SCD results from a DNA point mutation in the coding region of the hemoglobin beta-globin chain. This single
. 0 nuclectide substitution is a missense mutation that causes a glutamic acid to valine substitution at position 6 during protein translation. The
10 genetic code figure shows that 2 distinct nuclectide combinations code for glutamic acid, GAG and GAA. In addition, only 2 possible single
11 nuclectide substitutions could occur in DNA that result in glutamic acid being replaced by valine, GAA — GTA and GAG — GTG.
12 (Choices A, B, and F) Examples of missense mutations include glutamine (CAA) substitution by valine (GTT), histidine (CAT) substitution by
13 leucine (CTT), and valine (GTA) substitution by glutamic acid (GAA). However, they are unrelated to SCD.
1: (Choice C) This substitution results in a silent mutation as both TTA and CTA code for leucine.
16 (Choice D) A codon change from GAA to GUA also results in glutamic acid being replaced by valine. However, the pyrimidine base uracil occurs
17 anly in RNA (not DNA), so it would only be present in the mRNA transcript that codes for the beta-globin protein and not in the beta-globin gene
18 itself.
1 Educational objective:
20 Sickle cell disease is the result of a missense mutation that causes valine to replace glutamic acid at position 6 in the hemoglobin beta-globin
21 chain. RMNA contains the pyrimidine base uracil, whereas DNA contains the base thymidine.
22
s References
24
75 = Sickle cell pathophysiclogy
26 Copyright © L'World. All rights reserved
27
28
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.7 Types of DNA mutations
. 8
. a Silent Base substitution codes for same amino acid
10
11 Missense Base substitution codes for different amino acid
12
13 . Base substitution codes for different amino acid with similar
Conservative :
55 chemical structure
15
o Nonsense Base substitution introduces premature stop codon
17
Base substitution within stop codon results in continued
18 Nonstop ;
translation
19
20
55 Splice site Mutation at splice site alters intron removal from pre-mRNA
22
53 Frameshift Deletion/insertion of bases causes downsiream misreading
24 BUWorld
25
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4 A 33-year-old woman, gravida 2 para 1, comes to the office for a prenatal visit at 20 weeks gestation. She feels well and reports experiencing fetal
i 5 movements. The patient has no medical problems other than a history of cleft lip, which was repaired in childhood. Her husband is healthy, but

_ her previous child was born with spina bifida. She takes a daily prenatal vitamin. Physical examination is unremarkable and uterine size is in
. 7 accordance with ultrasound dates. The patient is worried that the fetus may develop the same birth defect as her previous child. Which of the
. 8 following is the most likely mode of inheritance of this disorder?

Q
G A Autosomal dominant
11 ‘ B. Autosomal recessive
a () G Mitochondrial
. 13 ~
. 14 (_) D. Multifactorial
€ 43 ‘ E. X-linked recessive
16
.
. 19
. 20
21
. 22
23
. 24
« 25
26
. 27
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4 A 33-year-old woman, gravida 2 para 1, comes to the office for a prenatal visit at 20 weeks gestation. She feels well and reports experiencing fetal
i 5 movements. The patient has no medical problems other than a history of cleft lip, which was repaired in childhood. Her husband is healthy, but
_ her previous child was born with spina bifida. She takes a daily prenatal vitamin. Physical examination is unremarkable and uterine size is in
. 7 accordance with ultrasound dates. The patient is worried that the fetus may develop the same birth defect as her previous child. Which of the
. 8 following is the most likely mode of inheritance of this disorder?
g .

6 A Autosomal dominant [5%]

11 B. Autosomal recessive [5%]
« 12 : ;

C. Mitochondnal [2%]

. 13
. 14 v D Multifactorial [84%]
@ 43 E Xlinked recessive [1%]

16
i A
. 18
. 19 pesli ol S ||| 84% 3 Seconds 09/07/2018
. 20 gorrect el Answered correcily Time Spent Last Updated

21
i 2

23 Explanation
. 24
R Muiltifactorial inheritance is a term used to describe a complex process by which numerous genetic and environmental factors interact to

o determine phenotypic expression. Unlike single-gene disorders, diseases displaying multifactorial inheritance make precise genetic analysis and

S8 counseling extremely challenging due to their intricate development process. \What is understood about these diseases is that the closer a

ive is to the affected person the more likely the relative is to develon the tral b
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i counseling extremely challenging due to their intricate development process. What is understood about these diseases is that the closer a
5 relative is to the affected person, the more likely the relative is to develop the trait.

_ Spina bifida is an example of a multifactorial condition. There are a muliitude of different genes that play a role in neurulation, the process
. 7 responsible for formation of the neural tube. In addition to genetic factors, a number of environmental factors have profound effects on neural tube
. 8 development; the most well known is dietary folate deficiency. Neural tube defects are more common in first-degree relatives of those affected,

g with a recurrence risk of 2%-5%. In general, most multifactorial conditions have a lower recurrence risk than autosomal dominant and autosomal
. 10 recessive diseases. which convey a 50% and 25% risk to first-degree family members, respectively.
ks Other examples of multifactorial diseases include cleft lip and palate, diabetes mellitus, coronary artery disease, and hypertension.
. 12
ik (Choice A) A condition inherited in an autosomal dominant pattern will be expressed in 50% of offspring when 1 parent is affected. Classic
55 examples include Huntington disease, Marfan syndrome, multiple endocrine neoplasias, and the neurofibromatoses.
« 15 (Choice B) A condition inherited in an autosomal recessive fashion will be expressed in 25% of offspring when both parents are carriers. Cystic
16 fibrosis, hemochromatosis, and sickle cell anemia are examples of autosomal recessive diseases.
“ B (Choice C) Humans inherit mitochondrial DNA only from their mothers; therefore, mitochandrial inheritance is purely maternal. Disorders
G transmitted via mitochondrial inheritance display vanable expressivity, meaning that severity of phenotypic expression can differ greatly even
. 190 among close relatives. Examples of mitochondnal diseases are myoclonic epilepsy and Leber hereditary optic neuropathy.
« 20
i (Choice E) X-linked recessive inheritance refers (o a trait that is passed via the X chromosome in a recessive manner. Phenotypic expression in
5 offspring is dependent on the sex of the child; all males who inherit the X chromosome will display the phenotype whereas only homozygous
' 53 females will display the phenotype. Examples include Duchenne and Becker muscular dystrophy. hemophilia, and GEPD deficiency.
. 24 Educational objective:
. 375 IMany frequently encountered diseases (eg, hypertension, spinal bifida) display multifactorial inheritance, which involves the complex interaction of
25 numerous genetic and environmental factors to determine phenotypic expression. Although the exact inheritance risk cannot be determined, the
. a7 closer a relative is to the affected person, the more likely the relative is to develop the trait.
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An infant born to a 34-year-old woman has a flat facial profile, prominent epicanthal folds, and a2 holosystolic murmur heard loudest at the left
sternal border. Karyotype analysis is consistent with trisomy 21. Maternal and paternal karyotypes are normal. A restriction fragment length
polymorphism (RFLP) analysis is conducted to determine the parental origin of the extra chromosome. DNA samples from the child, mother, and
father are obtained and the DNA is fragmented with a restriction enzyme. The fragments are then sorted by size using the Southern blot
technique. Labeling is done using a probe that binds to a specific DNA sequence close to the centromere of chromosome 21. RFLP analysis for

Bl N G W

. 8
g the child, mother, and father is shown below.

« 10 In which of the following meiosis events did the nondisjunction mast likely occur?

11
i 12 ) A Matemal meiosis |
W 13 i

() B. WMaternal meiosis Il

. 14 N
. 15 () C. Paternal meiosis |

16 ) D. Patenal meiosis ||
T I
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An infant born to a 34-year-old woman has a flat facial profile, prominent epicanthal folds, and a2 holosystolic murmur heard loudest at the left
sternal border. Karyotype analysis is consistent with trisomy 21. Maternal and paternal karyotypes are normal. A restriction fragment length
polymorphism (RFLP) analysis is conducted to determine the parental origin of the extra chromosome. DNA samples from the child, mother, and
father are obtained and the DNA is fragmented with a restriction enzyme. The fragments are then sorted by size using the Southern blot
technique. Labeling is done using a probe that binds to a specific DNA sequence close to the centromere of chromosome 21. RFLP analysis for

Bl N G W

. 8
g the child, mother, and father is shown below.

« 10 In which of the following meiosis events did the nondisjunction mast likely occur?

11
i 12 ) A Matemal meiosis |
W 13 i

() B. WMaternal meiosis Il

. 14 N
. 15 () C. Paternal meiosis |

16 ) D. Patenal meiosis ||
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4 An infant born to a 34-year-old woman has a flat facial profile, prominent epicanthal folds, and a2 holosystolic murmur heard loudest at the left
i 5 sternal border. Karyotype analysis is consistent with trisomy 21. WMaternal and paternal karyotypes are normal. A restriction fragment length
. 6 polymorphism (RFLP) analysis is conducted to determine the parental origin of the extra chromosome. DNA samples from the child, mother, and
father are obtained and the DNA is fragmented with a restriction enzyme. The fragments are then sorted by size using the Southern blot
. 8 technique. Labeling is done using a probe that binds to a specific DNA sequence close to the centromere of chromosome 21. RFLP analysis for
g the child, mother, and father is shown below.
« 10 In which of the following meiosis events did the nondisjunction mast likely occur?
11
o 19 v A Maternal meiosis | [52%]
o B. Maternal meiosis Il [36%]
. 14
.15 C.  Paternal meiosis | [5%]
LG D. Paternal meiosis Il [5%]
.
« 18
. 19
. 20 Co'rremnmr || 52% 4 Seconds 12/29/2018
21 o Answered commecty Time Spent Last Updated
. 22
23
. 24 Explanation
« 25
26 Nondisjunction is the failure of chromosome pairs to separate properly during cell division. This could be due to a failure of homologous
.« 27 chromosomes to separate in meiosis | or a failure of sister chromatids to separate during meiosis Il or mitosis. In monosomy, a single .
28 Block Time Remaining: 00:00:48 E&
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= Explanation .
4
. 5
s Nondisjunction is the failure of chromosome pairs to separate properly during cell division. This could be due to a failure of homelogous
chromosomes to separate in meiosis | or a failure of sister chromatids to separate during meiosis Il or mitosis. In monosomy, a single
s chromosome is lost. In trisomy, a single chromosome is gained. Monosomies or trisomies can result from nondisjunction in meiosis | or 1.
e Restriction fragment length polymorphism (RFLP) analysis shows that both parents demonstrate 2 bands. Each parental band represents a
. 10 homologous chromosome 21 The child has 3 bands, indicating that he has 3 different versions of chromosome 21 that he obtained from his
11 parents. He received the lower band from the father and both of the upper bands from the mother. The fact that he received 2 different bands
. 12 from the mother indicates that he inherited both of her homologous chromosomes. Therefore, the problem occurred in the mother during meiosis
. 13 |, when homologous chromosomes are separated. In fact, the vast majority of Down syndrome cases arise due to nondisjunction during
. 14 maternal meiosis |
« 15 (Choice B) If the mother had a failure in melosis [, the child's RFLP analysis would reveal only two bands (see example). There would be a
16 single band from the father and a darker, thicker band from the mother. The darker, thicker band signifies the inheritance of both sister
« 17 chromatids, which will produce equal-size restriction fragments (but twice the normal amount).
- 18 (Choice C) If the father had a failure in meiosis |, the child’s RFLP analysis would reveal 3 bands (see example). In this instance, there would be
o a single band inherited from the mother with two bands inherited from the father.
« 20
21 (Choice D) If the father had a failure in meiagsis I, the child’'s RFLF analysis would reveal two bands (see example) In this instance, there would
. be a single band inherited from the mother and a second band from the father The father’s band would be darker and thicker, signifying the
i inheritance of both sister chromatids.
. 24 Educational objective:
« 25 MNondisjunction is the failure of chromaosome pairs to separate properly during cell division. This could be due to a faillure of homologous
26 chromosomes to separate in meiosis | or a failure of sister chromatids to separate during meiosis |l or mitosis.
. 27 -
28 Block Time Remaining: 00:00:48 Ei;
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4 A genetic study performed on a 10-year-old boy reveals a single base substitution mutation involving 2 DMNA segment that encodes a cellular
i 5 protein, as shown in the image below.

. This mutation is most likely to affect which of the following processes?
. 7

. 8 | () A DNAmethylation

- 9 . ) ) .

5 & B. Polypeptide folding following translation

11 ‘ C. Posttranscriptional RNA splicing
i ") D. RNA elongation
. 13 )
s () E. Transcription initiation
¢ 35 ) F Translation initiation

16
i A
. 19
« 20

21
i 2

23
. 24
. 25

26
. 27
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Normal coding strand: 5 ---GCCCAATCT ----TATAAA ----CAAGCTCGTCATGCGGAG --- 3

Patient's coding strand: 5'---GCCCAATCT ----TAGAAA ----CAAGCTCGTCATGCGGAG --- %

5 75 bp -25 bp +1 bp (Transcription start site)

« 17 @ UWorld
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4 A genetic study performed on a 10-year-old boy reveals a single base substitution mutation involving 2 DMNA segment that encodes a cellular
i 5 protein, as shown in the image below.

. This mutation is most likely to affect which of the following processes?
. 7

. 8 | () A DNAmethylation

- 9 . ) ) .

5 & B. Polypeptide folding following translation

11 ‘ C. Posttranscriptional RNA splicing
i ") D. RNA elongation
. 13 )
s () E. Transcription initiation
¢ 35 ) F Translation initiation

16
i A
. 19
« 20

21
i 2

23
. 24
. 25

26
. 27
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Question Id: 2030

A genetic study performed on a 10-year-old boy reveals a single base substitution mutation involving 2 DMNA segment that encodes a cellular
protein, as shown in the image below.

This mutation is most likely to affect which of the following processes?

DNA methylation [2%]
Polypeptide folding following translation [3%]
Posttranscriptional RNA splicing [4%]

RNA elongation [2%)]

mo o m »

Transcription initiation [82%]

F  Translation initiation [4%]

Omittec

s ||| 82% 3 Seconds 02/01/2019
E[’"Eﬁ EEELES Answered commectly Time Spent Last Updated
Explanation

Genetic information flows from DNA to RMA to proteins. Most eukaryotic DNA sequences consist of coding exons, noncoding introns, and 2
promoter regions (the CAAT box and the TATA box). The CAAT box is located 70-80 bases upstream of the beginning (5' end) of the coding
region, and the TATA box is located 25 bases upstream from the beginning of the coding region.
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i Explanation
5
6
- Genetic information flows from DNA to RNA to proteins. IMost eukaryotic DNA sequences consist of coding exons, noncoding introns, and 2
i promoter regions (the CAAT box and the TATA box). The CAAT box is located 70-80 bases upstream of the beginning (5' end) of the coding
_ region, and the TATA box is located 25 bases upstream from the beginning of the coding region.
9
10 Gene transcription begins when RNA polymerase Il attaches to one of the promoter regions in a process that requires general transcription
11 factors. A DNA enhancer region then binds activator proteins that associate with transcription factors and RNA polymerase |l at the promoter,
12 thereby increasing gene expression. Although promoters are not directly translated into protein, promoter mutations can cause abnormal gene
13 expression by altering the ability of RNA polymerase |l and transcription factors to bind.
14 (Choice A) DNA methylation is part of the epigenetic code. This process is carmied out by DNA methyliransferases and serves to silence the
15 genes it affects.
1o (Choice B) The folding of a formed polypeptide into its secondary and tertiary structures is entirely spontaneous and is determined by the amino
i acid sequence in the protein's primary structure. Heat shock proteins assist in the spontaneous refolding of proteins.
18
19 (Choice C) Posttranscriptional RNA splicing is facilitated by small nuclear ribonucleoproteins (snRNPs) that remove introns from heterogeneous
20 nuclear RNA (hnRNA) containing GU at the 5' splice site and AG at the 3' splice site.
21 (Choice D) The TATA box only participates in the initiation of transcription. The addition of nucleotides to the forming RNA molecule (RNA
22 elongation) continues until RNA polymerase |l encounters a termination signal.
= (Choice F) In eukaryotes, translation initiation requires both ribosomal subunits (605 and 40S) with their associated rRNA, mRNA, initiation
- factors, initiator tRNA charged with methionine, and GTP. The assembled ribosome then recognizes the AUG start codon on mRMNA to begin the
2 process.
26
27 Educational objective:
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i 3 region, and the TATA box is located 25 bases upstream from the beginning of the coding region. “
- Gene transcription begins when RNA polymerase Il attaches to one of the promoter regions in a process that requires general transcription
: ) factors. A DNA enhancer region then binds activator proteins that associate with transcription factors and RNA polymerase |l at the promoter,
. thereby increasing gene expression. Although promoters are not directly translated into protein, promoter mutations can cause abnormal gene
* Z expression by altering the ability of RMNA polymerase Il and transcription factors to bind.
— (Choice A) DNA methylation is part of the epigenetic code. This process is carried out by DNA methyltransferases and serves to silence the
genes it affects.

« 10

11 (Choice B) The folding of a formed polypeptide into its secondary and tertiary structures is entirely spentaneous and is determined by the amino
o 19 acid sequence in the protein's primary structure. Heat shock proteins assist in the spontaneous refolding of proteins.
@ 43 (Choice C) Posttranscriptional RNA splicing is facilitated by small nuclear ribonucleoproteins (snRNPs) that remove introns from heterogeneous
U nuclear RNA (hnRMNA) containing GU at the &' splice site and AG at the 3' splice site.
. 15

e (Choice D) The TATA box only participates in the initiation of transcription. The addition of nucleotides to the forming RNA molecule (RNA

iF elongation) continues until RNA polymerase || encounters a termination signal.
« 18 (Choice F) In eukaryotes, translation initiation requires both ribosomal subunits (605 and 40S) with their associated rRNA, mRNA, initiation
. 19 factors, initiator tRNA charged with methionine, and GTP. The assembled ribosome then recognizes the AUG start codon on mRMA to begin the
. 20 process.

o Educational objective:
i The TATA box is a promoter region that binds transcription factors and RNA polymerase |l during the initiation of transcription. It is located

23 approximately 25 bases upstream from the beginning of the coding region.
. 24
. 25

References

26

. 27 « RNA polymerase |l transcription initiation: a structural view.
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acid sequence in the protein's pnmary structure. Heat shock proteins assist in the spontaneous refoelding of proteins.
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4 A 14-year-old boy experiences severe, prolonged bleeding following a tooth extraction. He also has a history of multiple episodes of painful joint
i 5 swelling following minor trauma. His parents have no bleeding problems. Evaluation shows that the patient has an inherited discrder and that one
I of his parents is a genetic carrier. His older sister, who does not have this condition, is pregnant. She does not know the sex of her child. She
. 7 asks about the risk that her child will be affected. Which of the following is the best estimate that this child will have the disease?
. 8
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A 14-year-old boy experiences severe, prolonged bleeding following a tooth extraction. He also has a history of multiple episodes of painful joint
swelling following minor trauma. His parents have no bleeding problems. Evaluation shows that the patient has an inherited disorder and that one

of his parents is a genetic carrier. His older sister, who does not have this condition, is pregnant. She does not know the sex of her child. She

asks about the risk that her child will be affected. Which of the following is the best estimate that this child will have the disease?

Near 0 [10%]
112 [8%]

1/4 [20%]

1/8 [45%]
1/16 [5%]
1132 [1%]

. — ||| 45% 3 Seconds 10/10/2018
Borrect AEE Answered commecily Time Spent Last Updated
Explanation

This patient is a boy with excessive bleeding and hemarthroses, suggesting a diagnosis of hemophilia A or B. Baoth diseases are X-linked
recessive coagulation factor deficiencies. The probability that his sister will give birth to an affected child can be calculated by multiplying the

following probabilities:
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5
[
% Explanation
. 8
F This patient is a boy with excessive bleeding and hemarthroses, suggesting a diagnosis of hemophilia A or B. Both diseases are X-linked
’ i3 recessive coagulation factor deficiencies. The probability that his sister will give birth to an affected child can be calculated by multiplying the
following probabilities:
12
13 « The probability {(p1) that the sister is a carrier = 0.5. The patient’s father does not carry the mutation on his X chromosome because he
14 would be affected by the disease if he did. That means the mother carries the mutation on 1 of her 2 X chromosomes. This gives the
is daughter a 50% chance of having inherited the mutated X chromosome and therefore being a carrier.
16 = The probabhility (p2) that the offspring of a female carrier will inherit the X chromosome with the hemophilia gene = 0.5 Assuming the
17 daughter is a carrier, the probability of passing on the mutant allele is 50% as only 1 of her 2 X chromosomes is passed to her offspring.
18
= The probability (p3) that his sister will have a boy = 0.5 If the sister's child is female, the child could be a carmer of the disease but would
= not be affected by it. If a male child inherits the mutated X chromosome, he will have the disease.
20
21 The probability that the sister will have an affected son is the probability that all 3 of the above events will take place (ie, the product of their
33 individual probabilities): p1 x p2 x p2 = 112 x 1/2 x 1/2 = 1/8.
23 Educational objective:
24 Given phenotypically normal parents, the probability that a female sibling of 2 male affected by an X-linked recessive disease will give birth to an
25 affected child is 1/8.
26 . : .
Copyright © L'World. All rights reserved
27
28
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X-linked recessive inheritance
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A healthy, nulliparous 29-year-old woman with regular 28-day cycles comes to the office for a fertility evaluation. Over the past year, she and her
30-year-old husband have been trying to conceive. Her only medications are prenatal vitamins. She tracks her periods, cervical mucus, basal
temperature, and intercourse with a smartphone app. The couple has intercourse every other day from cycle day 8 through the LH surge. The
patient's urine pregnancy test is positive. The oocyte was most likely arrested in which of the following stages of meiosis immediately prior to
fertilization?

) A Metaphase of meiosis |
Metaphase of meiosis i
) C. Prophase of meiosis |
:,"__f; D Prophase of meiosis Il
() E. Telophase of meiosis |

Telophase of meiosis ||
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4 A healthy, nulliparous 29-year-old woman with regular 28-day cycles comes to the office for a fertility evaluation. Over the past year, she and her
i 5 30-year-old husband have been trying to conceive. Her only medications are prenatal vitamins. She tracks her periods, cervical mucus, basal
I temperature, and intercourse with a smartphone app. The couple has intercourse every other day from cycle day 8 through the LH surge. The
. 7 patient's urine pregnancy test is positive. The oocyte was most likely arrested in which of the following stages of meiosis immediately prior to
. g fertilization?
g - -
5 A Metaphase of meiosis | [6%]
11 v B. Metaphase of meiosis Il [62%]
.« 12 5
C. Prophase of meiosis | [11%]
. 13
. 14 D. Prophase of meiosis Il [16%]
@ 43 E. Telophase of meiosis | [1%]
16
. 17 F. Telophase of meiosis Il [19]
. 18
. 19
. 20 mitted
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o Female gametogenesis begins in utero at approximately 4 weeks gestation when primardial germ cells migrate from the yolk sac region fo the
' developing gonadal region. These germ cells then differentiate into oogonia and multiply by mitosis before beginning meiosis |. Now called
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Female gametogenesis begins in utero at approximately 4 weeks gestation when primordial germ cells migrate from the yolk sac region to the
developing gonadal region. These germ cells then differentiate into oogonia and multiply by mitosis before beginning meiosis |. Now called
primary oocytes, these cells arrest in prophase of meiosis | (Choice C) and remain there until ovulation. The chromosome pairs are arranged
in a tetrad during this phase, and their proximity allows for genetic recombination. The full complement of oocytes is developed by 5 months
gestation and then degenerates during the woman's lifetime until depleted at menopause.

At puberty, ovulatory cycles begin and the female is capable of reproduction. During each menstrual cycle, FSH stimulation followed by an LH
surge causes some oocytes to resume meiosis |. Telophase | (Choice E) is the last phase of meiosis | and yields secondary cocytes and polar
bodies. The secondary cocyte begins meiosis |l (the polar body degenerates) but halts in metaphase Il. Approximately 36 hours after LH levels
begin to rise, a secondary cocyte is released from the ovarian follicle. The secondary cocyte remains frozen in metaphase Il until fertilization
occurs, at which point it completes its division (telophase I, Choice F) into a mature cocyte (ovum) and second polar body. A normally fertilized
embryo is then diploid due to genetic contribution from both the ovum and sperm pronuclei.

(Choice A) Metaphase of meiosis | differs from metaphase of meiosis Il and mitosis, as the spindles are not preparing to split the centromeres.
Instead, the tetrads are lined up along the metaphase plate, and during anaphase the homologs separate from each other with the centromeres
intact.

(Choice D) Prophase of meiosis |l is unique as it does not immediately follow a period of DNA synthesis; DNA was duplicated prior to prophase of
meiosis |.

Educational objective:

Primary oocytes are completely developed in female embryos by the fifth month of gestation, at which point they are arrested in prophase of
meiosis |- Normal menstrual cycle hormones stimulate the primary oocyte to resume differentiation. Prior to fertilization, secondary oocytes are
arrested in metaphase of meiosis Il
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A young couple has undergone a successful in vitro fertilization procedure. The father has cystic fibrosis and the mother has a sister with cystic
fibrosis. The father and the mother's sister are both known to have AF508 mutations. Before making the decision to conceive, the couple
underwent extensive genetic counseling regarding the potential risks of having a child with cystic fibrosis. However, the mother refused prenatal
screening for CF as it would not affect the decision to raise their child. The family pedigree is diagrammed below with the unborn child marked by
the red arrow.

What is the chance that this child will have cystic fibrosis?

1116

1/8

1/3

A
E
)C. 14
D
E 23
E
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A young couple has undergone a successful in vitro fertilization procedure. The father has cystic fibrosis and the mother has a sister with cystic
fibrosis. The father and the mother's sister are both known to have AF508 mutations. Before making the decision to conceive, the couple
underwent extensive genetic counseling regarding the potential risks of having a child with cystic fibrosis. However, the mother refused prenatal
screening for CF as it would not affect the decision to raise their child. The family pedigree is diagrammed below with the unborn child marked by
the red arrow.

What is the chance that this child will have cystic fibrosis?

1116

1/8

1/3

A
E
)C. 14
D
E 23
E
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A young couple has undergone a successful in vitro fertilization procedure. The father has cystic fibrosis and the mother has a sister with cystic
fibrosis. The father and the mother's sister are both known to have AF508 mutations. Before making the decision to conceive, the couple
underwent extensive genetic counseling regarding the potential risks of having a child with cystic fibrosis. However, the mother refused prenatal
screening for CF as it would not affect the decision to raise their child. The family pedigree is diagrammed below with the unborn child marked by
the red arrow.

What is the chance that this child will have cystic fibrosis?

1/16 [2%]
118 [12%]
1/4 [34%]
1/3 [32%]
2/3 [10%]

3/4 [7%]
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Explanation

Cystic fibrosis (CF) results from an autosomal recessive defect in the CF transmembrane conductance regulator (CFTR) gene. Although most
men with CF are infertile due to congenital absence of the vas deferens, they are not sterile and can have children via assisted reproductive
technology.

Calculating the probability that the unborn child will have CF can be done by analyzing the above pedigree as follows:
1. Because the father is homozygous for the mutant CFTR allele, he will always transmit the mutant allele to his offspring.

2. Because the mother has an affected sibling and neither of her parents is affected, she most likely had 2 heterozygous carrier parents.
Therefore, the mother's 4 possible genotypes are: homozygous for the normal allele, heterozygous with her mother's mutant allele,
heterozygous with her father's mutant allele, and homozygous for the mutant allele. However, the mother does not have CF and therefore
i= not homozygous for the mutant allele. This leaves 3 possible genotypes for the mother. Two of the 3 remaining genotypes result in
her being a carrier for the mutant CFTH allele, while the last one results in her being homozygous normal. Therefore, the mother's
probability of being a carrier equals 2/3.

3. If the mother is a carrier (2/2 chance), the probability that she will transmit the mutant allele to the child is 1 in 2. As a result, the probability
that the child will inherit a mutant allele from the mother (and therefore have CF as the father will always contribute a mutant allele) is: 2/3 x
112 =113,

Educational objective:

The probability that an autosomal recessive disease will be transmitted fo a child can be calculated based on the maternal and paternal
pedigrees. An unaffected individual {(with unaffected parents) who has a sibling affected by an autosomal recessive condition has a 2/3 chance of
being a carrier for that condition.
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A 10-year-old boy is brought to the emergency department for new swelling in his right leg. He has a history of lens dislocation and intellectual
disahility. Physical examination demonstrates moderate, pitting edema from his right calf to his right thigh and a normal left lower extremity. In
addition, the patient has a caved-in appearing chest wall. He has no family members with similar conditions. Ultrasound reveals a deep venous
thrombaosis in his right femoral vein. Further genetic testing reveals a single missense mutation in the gene coding for cystathionine beta-synthase
enzyme. Which of the following is the most likely explanation for this patient's genetic defect affecting multiple tissues?

) A. Dominant negative mutation
Genetic linkage

:, C. Incomplete penetrance

" ) D. Locus heterogeneity

() E. Pleiotropy

Polyploidy

) G. Segregation
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A 10-year-old boy is brought to the emergency department for new swelling in his right leg. He has a history of lens dislocation and intellectual
disahility. Physical examination demonstrates moderate, pitting edema from his right calf to his right thigh and a normal left lower extremity. In
addition, the patient has a caved-in appearing chest wall. He has no family members with similar conditions. Ultrasound reveals a deep venous
thrombaosis in his right femoral vein. Further genetic testing reveals a single missense mutation in the gene coding for cystathionine beta-synthase
enzyme. Which of the following is the most likely explanation for this patient's genetic defect affecting multiple tissues?

Dominant negative mutation [5%]
Genetic linkage [3%]
Incomplete penetrance [2%]

Locus heterogeneity [10%]

m a0 B e

Pleiotropy [74%]

m

Polyploidy [3%]

G. Segregation [0%]
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Explanation

This patient presenting with skeletal abnormalities, lens dislocation, intellectual deficits, vascular thromboses, and a genetic defect in the
cystathionine beta-synthase enzyme likely has homoeystinuria. The occurrence of multiple, seemingly unrelated phenotypic manifestations,
often in different organ systems, as a result of a single genetic defect is termed pleiotropy. Most syndromic genetic illnesses including
homaocystinuria exhibit pleiotropy.

(Choice A) Dominant negative mutations occur when an abnormal gene negatively affects the product of the wild-type gene in the same cell. For
example, certain oncogene p53 mutations can lead to translation of a protein product that prevents wild-type p53 from binding to the promoter of
its target genes.

(Choice B) Genetic linkage describes the tendency of alleles located near one another on the same chromasome to be inherited jointly.

(Choice C) Penetrance refers to the proportion of individuals with a given genotype that express the associated phenotype. In incomplete
penetrance, less than 100% of individuals with a given genotype express its associated phenotype.

(Choice D) Locus heterogeneity refers to the ability of one disease or frait to be caused by mutations in multiple different genes. An example s
familial hypercholesteremia, which can be caused by different mutations affecting cholesterol metabolism genes (eg, LDL receptor, apo B-100).

(Choice F) Palyploidy occurs when more than 2 complete sets of homologous chromosomes exist within an organism or cell. In a partial
hydatidiform mole, for example, there are cells of nonstandard ploidy (typically 69 X3X; 69 XXY: or 69, XYY). The chromosomes in this case are
derived from 1 haploid maternal set and 2 haploid paternal sets of chromosomes.

(Choice G) The law of segregation (Mendel's first law) describes the phenomenon whereby gametogenesis within the parent arganism results in
the separation of paired alleles so that each offspring inherits only half of each parent's genetic composition.

Educational objective:
Pleiotropy describes instances where multiple phenotypic manifestations result from a single genetic mutation. Most syndromic genetic illnesses
exhibit pleiotropy.
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A 16-year-old boy with mild intellectual disability is brought to the office to be evaluated for attention deficit-hyperactivity disorder. The parents
state that he has always been impulsive and inattentive and that teachers are concemned about his inattentiveness and poor grades. Review of
medical records shows a history of gross motor and speech delay for which he received physical and speech therapies during childhood. On
physical examination, the boy has a long and narrow face, a prominent mandible, and large testes. There is hyperlaxity of his finger and thumb
Joints. Which of the following is the most likely diagnosis in this patient?

) A Down syndrome mosaicism
Ehlers-Danlos syndrome

) C. Fragile X syndrome

" ) D. Kiinefelter syndrome

() E. Marfan syndrome

Prader-Willi syndrome
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A 16-year-old boy with mild intellectual disability is brought to the office to be evaluated for attention deficit-hyperactivity disorder. The parents
state that he has always been impulsive and inattentive and that teachers are concemned about his inattentiveness and poor grades. Review of
medical records shows a history of gross motor and speech delay for which he received physical and speech therapies during childhood. On
physical examination, the boy has a long and narrow face, a prominent mandible, and large testes. There is hyperlaxity of his finger and thumb
Joints. Which of the following is the most likely diagnosis in this patient?

Down syndrome mosaicism [0%]
Ehlers-Danlos syndrome [9%]
Fragile X syndrome [79%]
Klinefelter syndrome [3%]
IMarfan syndrome [5%]

Prader-Willi syndrome [2%]
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Features of fragile X syndrome
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. 19 This patient has fragile X syndrome (FX5), the most common inherited and the second most common congenital cause of intellectual
« 20 disability. FXS is an X-linked disorder caused by a loss-of-function mutation in the fragile X mental retardation 1 (FMR1) gene on the long arm
21 of the X chromosome. Males who inherit the full mutation will manifest the features of FXS, whereas females with one abnormal X chromosome
. 23 will have a milder and variable presentation.
= The clinical features of FXS are most apparent after puberty in males; affected individuals have a long, narrow face, a prominent forehead and
. 24 chin, and large testes. Fatients often have hyperlaxity of the joints in the hand. Developmental delay (speech and motor) is common in
+ 25 infancy, but neuropsychiatric features often present in childhood (eg, anxiety, attention deficit-hyperactivity disorder, autism spectrum disorder).
) 2? {Choice A) Down syndrome, or frisamy 21, is the most common cause of congenital intellectual disability. In patients with Down syndrome
5 mosaicism, some cells (but not all) have an extra copy of chromosome 21 These patients may have a milder presentation than those with classic
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Question Id: 1308

disability. FXS is an X-linked disorder caused by a loss-of-function mutation in the fragile X mental retardation 1 (FMR1) gene on the long arm
of the X chromosome. Males who inhent the full mutation will manifest the features of FXS, whereas females with one abnormal X chromosome
will have a milder and variable presentation.

The clinical features of FXS are most apparent after puberty in males; affected individuals have a long, narrow face, a prominent forehead and
chin, and large testes. Patients often have hyperlaxity of the joints in the hand. Developmental delay (speech and motor) is common in
infancy, but neuropsychiatric features often present in childhood (eg, anxiety, attention deficit-hyperactivity disorder, autism spectrum disorder).

(Choice A) Down syndrome. or frisamy 21, is the most common cause of congenital intellectual disability. In patients with Down syndrome
maosaicism, some cells (but not all) have an exira copy of chromosome 21. These patients may have a milder presentation than those with classic
Down syndrome.

(Choice B) Ehlers-Danlos syndrome is a connective tissue disorder that is most commonly due to defective type V collagen production. Patients
typically have skin hyperelasticity and fragility as well as joint hyperlaxity. Ehlers-Danlos syndrome is not associated with intellectual disability.

(Choice D) Patients with Klinefelter syndrome (47 XXY) often have mild intellectual disability in addition to tall stature, gynecomastia, small
testes (often undescended), and infertility.

(Choice E) Marfan syndrome is an autosomal dominant connective tissue disorder characterized by tall stature, arachnodactyly (long and thin
fingers), ectopia lentis (lens displacement), and dilation of the proximal aorta. Intellectual disability is not associated with Marfan syndrome.

(Choice F) Prader-Willi syndrome is an imprinting disorder caused by a paternal deletion of part of chromosome 15. In infancy, hypotonia and
hyperphagia lead to gross motor delays and obesity, respectively. Intellectual disability and behavioral problems (eg, autistic-like behaviors,
obsessive compulsive features) are common.

Educational objective:
Fragile X syndrome is an X-linked disorder that presents with a long, narrow face, a prominent chin and forehead, and large testes. Patients often
have developmental delay and neuropsychiatric findings that overlap with anxiety disorders, autism, and attention deficit-hyperactivity disorder.
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A 24-year-old woman comes to the office after discovering a new mole on her right leg. She is worried that it might be skin cancer as she has
used tanning beds several times 3 year since age 18. Physical examination shows a 5-mm brown, oval macule on her anterior thigh with a
homogeneous coloration and discrete borders. The lesion appears darker than her other moles. A biopsy of the lesion shows normal-appearing
nevus cells clustered in the epidermis, and she is diagnosed with 2 benign acquired melanocylic nevus. During histologic analysis, her epithelial
cells are each found to contain a condensed boedy composed of heavily methylated DNA at the periphery of the nucleus. This region of DNA is
most likely associated with which of the following genetic findings?

DNA supercoil accumulation

Exiensive double-strand DNA break repair

A
B

() C. Histone acetylation
D Impaired mismatch repair
E

Low transcription activity
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A 24-year-old woman comes to the office after discovering a new mole on her right leg. She is worried that it might be skin cancer as she has
used tanning beds several times 3 year since age 18. Physical examination shows a 5-mm brown, oval macule on her anterior thigh with a
homogeneous coloration and discrete borders. The lesion appears darker than her other moles. A biopsy of the lesion shows normal-appearing
nevus cells clustered in the epidermis, and she is diagnosed with 2 benign acquired melanocylic nevus. During histologic analysis, her epithelial
cells are each found to contain a condensed boedy composed of heavily methylated DNA at the periphery of the nucleus. This region of DNA is
most likely associated with which of the following genetic findings?

DNA supercoil accumulation [6%]
Exiensive double-strand DNA break repair [7%]
Histone acetylation [9%]

Impaired mismatch repair [4%]

m o o B p

Low transcription activity [71%]

Omitted
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Explanation

In genetically normal (45 XX) females, one X chromosome is normally randomly deactivated in each cell during early embryonic development. X-

inactivation (lyonization) is maintained across cell division, resulting in clusters of cells throughout the body that express either the maternal or
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In genetically normal (45, XX) females, one X chromosome is normally randomly deactivated in each cell during early embryonic development. X-
inactivation (lyonization) is maintained across cell division, resulting in clusters of cells throughout the body that express either the maternal or
paternal X chromosome. This mosaic pattern of X-chromosome expression generally prevents X-linked recessive conditions from manifesting in
female carniers. However, in rare cases, skewed lyonization {uneven inactivation of maternal/paternal X chromosome due to chance alone) may
result in females developing an X-linked recessive condition (eg, classic hemophilia).

The process of lyonization converts the inactive X chromosome into condensed heterochromatin, which can be identified on microscopy as a
compact body at the periphery of the nucleus {(Barr body). Heterochromatin consists of heavily methylated DNA (eg, cytosine converted to
methylcytosine) and deacetylated histones, which cause it to have a low level of transcriptional activity (Choice C). A small proportion of genes
remain transcriptionally active on the inactivated X chromosome. For this reason, inheritance of an abnormal number of X chromosomes can
cause clinical manifestations due to a gene-dosage effect, as seen with Tumner (45 X0) and Klinefelter (47 XXY) syndromes.

(Choice A) During DNA replication, positive supercoiling occurs in the region ahead of the replication fork and must be removed for DNA
replication to proceed. Topoisomerases reduce DMNA supercoiling by nicking the DNA strands, introducing negative coiling, and religating the
strands.

(Choice B) Double-strand DNA breakage can occur following exposure fo ionizing radiation. Compared o single-strand breakage, double-
stranded breaks are more prone to result in faulty repair, leading to mutations, malignancy, or cell death.

(Choice D) Repair of mismatched bases occurs throughout the genome during DMNA replication. Impaired mismatch repair is associated with
hereditary nonpolyposis colorectal cancer.

Educational objective:

X-inactivation occurs in genetically normal females and results in conversion of the inactivated X chromosome into compact heterochromatin (Barr
body). Heterochromatin is condensed chromatin composed of heavily methylated DNA in tight association with deacetylated histones. lthas a
low level of transcriptional activity. In contrast, euchromatin is loosely arranged and exhibits a high level of transcriptional activity.
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A 32-year-old woman comes to the office due to worry that she will go bald. Her father had a receding hairline with apical baldness beginning at
age 20 and was completely bald by age 35. The patient's paternal grandmother and multiple other relatives on her paternal side also had early-
onset baldness, but her father's siblings and the matemal side of her family have had no problems with unusual hair loss. Physical examination
shows mild thinning of hair at the temporal areas, with an otherwise normal hairline, thickness, and coloration. There is no excess hair growth on
her face or trunk, and she has a normal female pattern of pubic hair growth. Palpation of the thyroid is normal. Which of the following is the most
likely inheritance pattern of the hair loss in this patient's family?

Autosomal dominant

Autosomal recessive

A
B

() C. Mitochondrial
D Polygenic
E

Sporadic
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4 A 32-year-old woman comes to the office due to worry that she will go bald. Her father had a receding hairline with apical baldness beginning at
i 5 age 20 and was completely bald by age 35. The patient's paternal grandmother and multiple other relatives on her paternal side also had early-
I onset baldness, but her father's siblings and the matemal side of her family have had no problems with unusual hair loss. Physical examination
. 7 shows mild thinning of hair at the temporal areas, with an otherwise normal hairline, thickness, and coloration. There is no excess hair growth on
. 8 her face or trunk, and she has a normal female pattern of pubic hair growth. Palpation of the thyroid is normal. Which of the following is the most
g likely inheritance pattern of the hair loss in this patient's family?
« 10
i A Autosomal dominant [19%]
« 12 B. Autocsomal recessive [23%]
@ C Mitochandrial [7%]
. 14
. 15 v D Polygenic [45%]
ot E. Sporadic [4%]
.
« 18
. 19 )
. 20 Coremn“er Iy 45% N 3 Seconds 01/15/2019
21 D Answered comectly Time Spent Last Updated
. 22
23
. 24 Explanation
« 25
26 The most common type of hair loss in males and females is androgenetic alopecia (male pattern baldness). As the name implies, the hair loss is
.« 27 driven by both hormonal (eg, circulating androgens) and genetic factors. The hair loss occurs primarily at the temporal areas and vertex and .
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Question Id: 1725

Explanation

The most common type of hair loss in males and females is androgenetic alopecia (male pattern baldness). As the name implies, the hair loss is
driven by both hormonal (eg, circulating androgens) and genetic factors. The hair loss occurs primarily at the temporal areas and vertex and
pregresses through life. The pattern and severity vary between males and females.

Androgenetic alopecia demonstrates pelygenic inheritance with variable expressivity. Key sites of genetic influence have been identified on the
short arm of chromosome 20, and also on the X and possibly Y chromosomes. Therefore, some of the genetic factors may be transmitted with X-
linked recessive inheritance {(eg, gene variations in the androgen receptor), whereas others will show autosomal dominant inheritance (Choice A).

(Choice B) Autoscmal recessive inheritance classically shows disease development in 25% of offspring from 2 asymptomatic carrier parents. In
most cases, conditions with autosomal recessive inheritance will not be seen in consecutive generations.

(Choice C) Conditions passed through mitochondnal inheritance are transmitied only by the mother, and all of her offspring are affected.
Conditions transmitted by mitochondnal inhentance include a number of uncommon neuromuscular disorders.

(Choice E) By definition, sporadic cases do not follow an inheritance pattern. Sporadic cases occur haphazardly among unrelated members of a
population over time. For example, there may be 2 spontanecus gene mutation that causes a sporadic disorder in an individual with no family
history of the disease.

Educational objective:

Androgenetic alopecia is the most common cause of hair loss in both males and females. The pattern and severity of the baldness depend on
both hormanal (circulating androgens) and genetic factors and vary between males and females. The condition is polygenic with variable
expressivity.

References
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A small-for-gestational-age infant is born prematurely to a 38-year-old woman who had inconsistent prenatal care. Physical examination shows a
small head and eyes as well as a clefi lip and palate. There is a small, round punched-out lesion with an overlying thin membrane on the patient's
scalp. A small, membranous sac with a loop of bowel protrudes from the patient's abdominal midline. The infant is transferred to the neonatal
intensive care unit for further workup and management. Which of the following is most likely responsible for this patient's condition?

Down syndrome
Edwards syndrome

Ivaternal nicotine use

o
I

[
(%) ]

MR R RN RN R R e e
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A
B
C
| D. Maternal phenytoin ingestion
E
E
G

Iaternal rubella infection
Patau syndrome

Williams syndrome

Block Time Remaining: 00:01:17

@ Feedback Suspend End Block




=T - RS R = ) (R TS R ¥ S

- - - -
[ — [l [ [
B WM e D

o
I

« 17
. 18
- 19
« 20

21
. 22

23
- 24
« 25

26
. 27

— [tem 16 of 40
= AQuestion Id: 1822

4

Calculator  Reverse Color

= ? &l

Previous MNext Tutorial Lab Values

@a

Motes

Q:A &

Text Zoom

= ?Mark

A small-for-gestational-age infant is born prematurely to a 38-year-old woman who had inconsistent prenatal care. Physical examination shows a
small head and eyes as well as a clefi lip and palate. There is a small, round punched-out lesion with an overlying thin membrane on the patient's
scalp. A small, membranous sac with a loop of bowel protrudes from the patient's abdominal midline. The infant is transferred to the neonatal
intensive care unit for further workup and management. Which of the following is most likely responsible for this patient's condition?

Down syndrome [4%]

Edwards syndrome [9%]

IWaternal nicotine use [4%]
IMaternal phenytoin ingestion [20%]

IMaternal rubella infection [3%]

mm o o ® »

Patau syndrome [54%]

@

Williams syndrome [3%]

Omitted
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Explanation

Patau syndrome, or trisomy 13, is a severe genetic disarder with phenotypic features reflecting a defect in the fusion of the prechordal
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xplanation -

Patau syndrome, or trisomy 13, is a severe genetic disorder with phenotypic features reflecting a defect in the fusion of the prechordal
mesoderm, an integral embryological structure affecting growth of the midface, eyes, and forebrain. This results in catastrophic midline defects,
including holoprosencephaly, microcephaly, microphthalmia, cleft lip/palate, and omphalocele. Abnormal brain development results in
intellectual disability and seizures. Additional abnormalities include polydactyly and cutis aplasia (focal skin defect of the scalp). The majority of
patients with Patau syndrome die in utero; only 5% survive beyond 6 months.

=T - RS R = ) (R TS R ¥ S

« 10 : : T g ; Tl ; : : S :

Cytogenetic studies usually demanstrate meiotic nondisjunction, which is the failure of chromosomal separation during meiosis, causing
11 : : : ; : : : : ; :

inheritance of a chromosome pair from 1 parent rather than a single chromatid. Maternal age =35 is an important risk factor for this abnormality of

- 12 oocyte division. Nendisjunction results in a fetus with 3 complete copies of chromosome 13 (47, XX, +13).

. 13

. 14 (Choice A) Patients with Down syndrome (trisomy 21) typically have a flat facial profile, upslanting palpebral fissures, low-set small ears,

. 15 redundant skin at the nape of the neck, single transverse palmar crease, and hypotonia. Increased rates of duodenal atresia and Hirschsprung

disease are seen in these patients.

o
I

« 17 (Choice B) Clinical manifestations of Edwards syndrome (trisomy 18) include fetal growth retardation, hypertonia, micrognathia, and congenital
. 18 heart defects. Additional features include clenched hands with overlapping fingers, Meckel's diverticulum, and malrotation.
» 19

(Choice C) Micotfine use during pregnancy increases the risk of prematurity and low birth weight. Related pregnancy complications include

g placenta previa and abruption.
21
. (Choice D) Fetal exposure to maternal phenytoin has been associated with several congenital anomalies (eg, cardiac defects, cleft lip/palate,
i hypoplastic nails). It is not associated with cutis aplasia or omphalocele.
.« 24 (Choice E) Congenital rubella syndrome typically occurs after a first trimester maternal rubella infection. Abnormalities classically include hearing
. 25 loss, cataracts, and cardiac defects.
26

(Choice G) Williams syndrome is a genetic disorder classically associated with "elfin” facies, supravalvular aortic stenosis, and an extroverted
personality.
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disease are seen in these patients.

(Choice B) Clinical manifestations of Edwards syndrome (trisomy 18) include fetal growth retardation, hypertonia, micrognathia, and congenital
heart defects. Additional features include clenched hands with overlapping fingers, Meckel's diverticulum, and malrotation.

(Choice C) Nicotine use during pregnancy increases the risk of prematurity and low birth weight Related pregnancy complications include
placenta previa and abruption.

(Choice D) Fetal exposure to maternal phenyioin has been associated with several congenital anomalies (eg, cardiac defects, cleft lip/palate,
hypoplastic nails). It is not associated with cutis aplasia or omphalocele.

(Choice E) Congenital rubella syndrome typically occurs after a first trimester maternal rubella infection. Abnormalities classically include hearing
loss, cataracts, and cardiac defects.

(Choice G) Williams syndrome is a genetic disorder classically associated with "elfin” facies, supravalvular aortic stenosis, and an extroverted
personality.

Educational objective:

Patau syndrome (trisomy 13) usually occurs secondary to meiotic nondisjunction in mothers of advanced maternal age. Key physical findings
reflect defective prechordal mesoderm fusion resulting in midline defects (eg, holoprosencephaly. microphthalmia, cleft lip/palate, omphalocele) as
well as polydactyly and cutis aplasia.

References
« Clinical features and prognosis of a sample of patients with trisomy 13 (Patau syndrome) from Brazil.

= Phenotypic variability in Patau syndrome.
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A 26-year-old woman comes to the office for follow-up. The patient and her husband want to have a child, and she inquires about the nisk of
certain genatic conditions, including cystic fibrosis (CF). The patient is from a small city with a stable Caucasian population, where the carrier
frequency for CF is 1/30 Caucasian individuals. Her husband is from a nearby community, where CF carrier frequency in individuals of Asian
descent is 1/100. Both the patient, who is Caucasian, and her husband, who is of Asian descent, are healthy. What is the probability that a child
born to a mother from the Caucasian community and a father from the Asian community will have the disease?

() A 15900

) B. 1/1,000
() G 1/3,000
") D. 1/6,000
() E. 112,000
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3
4 A 26-year-old woman comes to the office for follow-up. The patient and her husband want to have a child, and she inquires about the nisk of
5 certain genetic conditions, including cystic fibrosis (CF). The patient is from a small city with a stable Caucasian population, where the carrier
I frequency for CF is 1/30 Caucasian individuals. Her husband is from a nearby community, where CF carrier frequency in individuals of Asian
7 descent is 1/100. Both the patient, who is Caucasian, and her husband, who is of Asian descent, are healthy. What is the probability that a child
g born to a mother from the Caucasian community and a father from the Asian community will have the disease?
Q

6 A 1/900 [3%)]

11 B. 1/1,000 [2%]

:i C. 1/3.000 [29%]

14 D. 1/6,000 [6%]

o v () E. 112,000 [58%]

. 16
« 18 i

19 Sl Iy 58% | 3 Seconds 01/22/2019

20 £ : Answered comrectly Time Spent Last Updated

21

22

23 Explanation

24

23 Cystic fibrosis (CF) is an autosomal recessive disease. The patient, who is Caucasian, has 2 1/30 probability of carrying the mutant CFTR allele

26 and her husband, who is of Asian descent, has a 1/100 probability of carrying the same allele. If 2 parent is a carrier, the probability that the child

27 will inherit the mutant allele from that parent is 1/2. However, to develop CF, the child must independently inherit a mutant allele from each parent .
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10

11

12 Explanation

13

14 Cystic fibrosis (CF) is an autosomal recessive disease. The patient, who is Caucasian, has a 1/30 probability of carrying the mutant CFTR allele

15

and her husband, who is of Asian descent, has a 1/100 probability of carrying the same allele. If a parent is a carrier, the probability that the child
will inherit the mutant allele from that parent is 1/2. However, to develop CF, the child must independently inherit a mutant allele from each parent
(1/2 x 1/2 = 1/4 probability). Therefore:

[y
=y}

[
I

[y
=2}

P{affected child) = 1/4 x P{carrier mother) x P(carrier father) = 1/4 x 1/30 x 1100 = 1/12 000.

19

20 An equivalent solution would be to state that the probability that the mother is a carrier and will transmit the mutant allele is (1/30 x 1/2) and the

21 prebability that the father is a carrier and will transmit the mutant allele is (1/100 x 1/2). The probability that both events will occur, producing a

33 child with CF, is the product of the probabilities of these independent events = (1/30 x 1/2) x (1/100 x 1/2) = 1/12,000.

23 Educational objective:

24 The probability that a child of parents from 2 populations with different mutant allele carrier frequencies will inherit an autosomal recessive disease
25 is 25% multiplied by the carner frequencies.

26 Copyright © L'World. All rights reserved

27
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A 41-year-old man with trisomy 21 is evaluated in the clinic due to cognitive decline. The patient has a history of moderate intellectual disability,
but his higher cognitive functions have become progressively impaired in the past several years. He previously volunteered at 2 community library
but recently lost his position as he could no longer perform his duties. The patient is now completely dependent on a caregiver for assistance with
his activities of daily living such as getting dressed, bathing, and using the toilet. The patient keeps wandering in the group home and has become
lost on several occasions. Which of the following is most likely to be increased in this patient?

) A Amyloid A protein

Amyloid precurser protein
:, C. Apolipoprotein E epsilon 4
§ ) D. CAG trinucleotide repeats

‘ E. Islet amyloid polypeptide
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A 41-year-old man with trisomy 21 is evaluated in the clinic due to cognitive decline. The patient has a history of moderate intellectual disability,

but his higher cognitive functions have become progressively impaired in the past several years. He previously volunteered at 2 community library
but recently lost his position as he could no longer perform his duties. The patient is now completely dependent on a caregiver for assistance with

his activities of daily living such as getting dressed, bathing, and using the toilet. The patient keeps wandering in the group home and has become
lost on several occasions. Which of the following is most likely to be increased in this patient?

A Amyloid A protein [11%]

v B. Amyloid precursor protein [62%]
C. Apolipoprotein E epsilon 4 [23%]
D. CAG trinucleotide repeats [1%]
E. Islet amyloid polypeptide [1%]
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. 7
= Down syndrome comorbidities
£l « Intellectual disabili
Neurology _hf :
« 10 « Early-onset Alzheimer disease
11
7 « Complete atrioventricular septal defect
’ i Cardiology « Ventricular septal defect
’ « Atrial septal defect
. 14
. 15 « Duodenal atresia
Gastroenterology ) )
16 « Hirschsprung disease
. o
2 « Hypothyroidism
= A Endocrinology | = Type 1 diabetes mellitus
“ 43 « Obesity
. 20
21 Hematology + Acute leukemia
22 Rheumatology | « Atlantoaxial instability
23
. 24 Trisomy 21, also known as Down syndrome, is the most commonly diagnosed chromosomal anomaly in liveborn neonates. Typical symptoms
. 35 include intellectual disability, congenital abnormalities (eqg, gastrointestinal, cardiac), physical growth delay, and characteristic facial features (eq,
26 flat facies, protruding tongue, epicanthic folds, oblique palpebral fissures). Many patients with trisomy 21 develop early-onset Alzheimer disease
27 (AD), defined as diagnosis of AD age =65, with some developing AD as early as the fourth decade of life.

Block Time Remaining: 00:01:25 [;a N - B
Feedback

Suspend End Block

8:20 PM

ST B 1)
it Y s WA




=T - RS R = ) (R TS R ¥ S

MR M RN RN R R = B e b e e e ek ek e
LSRR = TS ¥, R S FC RN TR = RO - B O S R = S, B - S TS R (¥ B T = |

— Htem 18 of 40 T ? & = ¢ @B:rA ©

Question Id: 590 Previous Mext Tutorial Lab Values MNotes Calculator Reverse Color S

« Obesity a

Hematology « Acute leukemia

Rheumatology | = Aflantoaxial instability

Trisomy 21, also known as Down syndrome, is the most commonly diagnosed chromosamal anomaly in liveborn necnates. Typical symptoms
include intellectual disability, congenital abnormalities (eq, gastrointestinal, cardiac), physical growth delay, and characteristic facial features (eq,
flat facies, protruding tongue, epicanthic folds, obligue palpebral fissures). IMany patients with trisomy 21 develop early-onset Alzheimer disease
(AD), defined as diagnosis of AD age =65, with some developing AD as early as the fourth decade of life.

Characteristic pathologic changes associated with AD involve accumulation of intracellular neurofibrillary tangles and extracellular amyloid-beta
plagues:

« Neurofibrillary tangles are composed of tau protein, a primary companent of intracellular microtubules. In AD, tau protein is
hyperphosphorylated, causing microtubule structures to collapse into "tangles” that contribute to global neuronal dysfunction.

« Amyloid beta is an abnormal fragment of amyloid precursor protein, which is normally involved in synaptic formation and repair. In AD,
the protein is not properly cleared and forms amyloid fragments; these then harden into insoluble plagues that accumulate in brain tissue
and vessel walls.

The amyloid precursor protein (APF) gene is located on chromosome 21 The extra copy of APP present in trisomy 21 is thought to accelerate
amyloid accumulation and lead to early-onset AD.

(Choice A) Amyloid A protein is an acute-phase reactant that is associated with the development of multisystemic amyloidosis (AA amyloidosis)
in reaction to chronic disease states (eg, rheumatoid arthritis, inflammatory bowel disease).

(Choice C) Apoclipoprotein E is found in 3 allelic vaniations: epsilon 2, 3, and 4. Those with 1 or 2 copies of the epsilon 4 allele are at greater risk
for late-onset AD (ie, AD diagnosed at age »65) compared with those without the allele.

(Choice D) Expansion of CAG trinuclectide repeats in the HTT gene, which codes for huntingtin protein, is responsible for Huntington disease.
Individuals with this condition typically have movement abnormalities (eg, chorea), psychiatric symptoms, and dementia.
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(AD), defined as diagnosis of AD age =65, with some developing AD as early as the fourth decade of life.

Motes

Charactenstic pathologic changes associated with AD involve accumulation of intracellular neurofibrillary tangles and extracellular amyloid-beta
plaques:

= Neurofibrillary tangles are composed of tau protein, a primary companent of intracellular microtubules. In AD, tau protein is
hyperphosphorylated, causing microtubule structures to collapse into "tangles” that contribute to global neuronal dysfunction.

« Amyloid beta is an abnormal fragment of amyloid precursor protein, which is normally involved in synaptic formation and repair. In AD,
the protein is not properly cleared and forms amyloid fragments; these then harden into insoluble plagues that accumulate in brain tissue
and vessel walls.

The amyloid precursor protein (AFPF) gene is located on chromosome 21 The extra copy of APP present in frisomy 21 is thought to accelerate
amyloid accumulation and lead to early-onset AD.

{Choice A) Amyloid A protein is an acute-phase reactant that is associated with the development of multisystemic amyloidosis (AA amyloidosis)
in reaction to chronic disease states (eg, rheumataid arthritis, inflammatory bowel disease).

{Choice C) Apclipoprotein E is found in 3 allelic variations: epsilon 2, 3, and 4. Those with 1 or 2 copies of the epsilon 4 allele are at greater risk
for late-onset AD (ie, AD diagnosed at age =65) compared with those without the allele.

(Choice D) Expansion of CAG trinuclectide repeats in the HTT gene, which codes for huntingtin protein, is responsible for Huntington disease.
Individuals with this condition typically have movement abnormalities (eg, chorea), psychiatric symptoms, and dementia.

(Choice E) Islet amyloid polypeptide is a normal secretory product of pancreatic beta cells that forms cytotoxic deposits in type 2 diabetes
mellitus, impairing beta-cell function.

Educational objective:
Patients with trisomy 21 (Down syndrome) have 3 copies of the amyloid precursor protein gene located on chromosome 21. This increases
amyloid-beta accumulation in the brain, placing these patients at high risk for developing early-onset Alzheimer disease.
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Geneticists are studying 2 malfunctioning protein that causes impaired endothelial cell migration and angiogenesis. They have noticed that the
amino acid sequence of the protein is truncated compared to normal controls. The mutated mREMNA strand is isolated, and analysis shows a
nonsense mutation located near the 3' end of the ceding region. The 3' terminal coding sequence of the abnormal mRNA strand is shown below.

Which of the following tRNA anticodons is responsible for adding the last amino acid to the truncated polypeptide during protein translation?

) A 5-AACY
() B 5-AUC-E
() C 5-CAAZ
() D. 5-GCU3
) E 5-UCG-¥
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Geneticists are studying 2 malfunctioning protein that causes impaired endothelial cell migration and angiogenesis. They have noticed that the
amino acid sequence of the protein is truncated compared to normal controls. The mutated mREMNA strand is isolated, and analysis shows a
nonsense mutation located near the 3' end of the ceding region. The 3' terminal coding sequence of the abnormal mRNA strand is shown below.

Which of the following tRNA anticodons is responsible for adding the last amino acid to the truncated polypeptide during protein translation?

) A 5-AACY
() B 5-AUC-E
() C 5-CAAZ
() D. 5-GCU3
) E 5-UCG-¥
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4 Geneticists are studying 2 malfunctioning protein that causes impaired endothelial cell migration and angiogenesis. They have noticed that the
i 5 amino acid sequence of the protein is truncated compared to normal controls. The mutated mENA strand is isolated, and analysis shows a
I nonsense mutation located near the 3' end of the ceding region. The 3' terminal coding sequence of the abnormal mRNA strand is shown below.
. & Which of the following tRNA anticodons is responsible for adding the last amino acid to the truncated polypeptide during protein translation?
. 8
Q A 5-AAC-3 [6%]
« 10
B. 5-AUC-3'[38%]
11
1 v C. 5-CAA-3'[32%]
# & D. 5-GCU-3'[15%]
. 14
. 15 E. 5-UCG-3' [8%]
16
i A
. 18 Omitted . .
sl |“ 32% 3 Seconds 01/17/2019
- 19 Correct answer Answered commectly Time Spent Last Updated
=
« 20
21
S e Explanation
23
2 24 . . g - - . - - -
i One codon (AUG) signals initiation of protein synthesis and 3 codons (UAA, UAG, and UGA) stop protein synthesis. Stop codons function only
5 to terminate translation; they do not add amino acids to the polypeptide chain.
o 27 Transfer RNA molecules (tRNA) transport amino acids to the nibosome and ensure placement of the proper amino acid. One end of the molecule
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4
5 One codon (AUG) signals initiation of protein synthesis and 3 codons (UAA, UAG, and UGA) stop protein synthesis. Stop codons function only
= to terminate translation; they do not add amino acids to the polypeptide chain.
7 Transfer RNA molecules (tRNA) transport amino acids to the ribosome and ensure placement of the proper amino acid. One end of the molecule
8 serves as the amino acid binding site; the opposite end contains a specific nucleic acid sequence known as the anticodon that is complementary
e to one or more mRNA codons (due to base wobbling). The type of amino acid that is bound to each tRNA molecule is determined by its

10 anticodon sequence; this ensures that the proper amino acid is added at each mRNA codon during protein synthesis.

1 Translation of the mRNA template proceeds in the &' to 3' direction. The mRNA of the dysfunctional protein in the question stem contains an extra

12 stop codon (UAA) before the normal stop codon (UAG) at the end of the template. During protein translation, the first stop codon encountered

13 will bind a release factor, halting protein synthesis. Therefore, the codon just prior to the first stop codon will be the last codon to add an amino

14 acid. In this case, (5'-UUG-3") is the |ast codon fo add an amine acid to the truncated protein, and this amino acid will be carried by the §'-CAA-3'

15 anticodon (codon-anticodon binding occurs in opposite directions [ie, §' to 3' binds 3' to §']).

:i (Choice A) Because complementary sequences align in antiparallel fashion, during translation the tRNA anticodons will bind the 5' to 3' mRNA in

v the (opposite) 3' to &' direction. Therefore, the §'-UUG-3"' mRNA codon will bind the §'-CAA-3' tRNA anticodon, not the §'-AAC-3' anticodon.
(Choices B and E) The 5-AUC-3' and §'-UCG-3" anticodons will bind to the 5'-GAU-3' and 5'-CGA-3' codons, respectively (5'to 3' binds 3' to &').
. 20 These are not present in the above mRNA sequence.

21 (Choice D) The last codon shown in the above mRNA sequence is 5-UAG-3' (a stop codon), with the second-to-last codon being 5'-AGC-3'.

22 Therefore, 5'-GCU-3' would be the tRNA anticodon responsible for adding the last aming acid to the normal (non-truncated) protein.

= Educational objective:

4 Translation of the mRNA template proceeds in the &' to 3' direction. Because complementary sequences align in antiparallel fashion, during

i translation tRNA anticodons will be oriented in the opposite 3' to 5" direction. Stop codons (UAA, UAG, and UGA) halt protein synthesis by binding

- a release factor; they do not add amino acids to the polypeptide chain.

27
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A 35-year-old woman and her husbhand have been trying fo conceive for maore than a year and are being followed by an infertility specialist. The
woman is found to have significant scarring and fibrosis involving her fallopian tubes secondary to pelvic inflammatory disease that she had at a
young age. After a long struggle, the woman finally becomes pregnant. She gives birth to 2 boy who is evaluated by a pediatrician and found to
have a flat nasal bridge, small mouth, and low-set ears. The pediatrician orders a karyotype analysis on the infant, which is shown below.

The infant is most likely to suffer from which of the following conditions?

:‘ A Acute lymphoblastic leukemia
r; B. Chronic myelogenous leukemia
") C. Immotile cilia

) D. Macroorchidism

() E Red blood cell sickling

( ) F Rickets
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A 35-year-old woman and her husbhand have been trying fo conceive for maore than a year and are being followed by an infertility specialist. The
woman is found to have significant scarring and fibrosis involving her fallopian tubes secondary to pelvic inflammatory disease that she had at a
young age. After a long struggle, the woman finally becomes pregnant. She gives birth to 2 boy who is evaluated by a pediatrician and found to
have a flat nasal bridge, small mouth, and low-set ears. The pediatrician orders a karyotype analysis on the infant, which is shown below.

The infant is most likely to suffer from which of the following conditions?

:‘ A Acute lymphoblastic leukemia
r; B. Chronic myelogenous leukemia
") C. Immotile cilia

) D. Macroorchidism

() E Red blood cell sickling

( ) F Rickets
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A 35-year-old woman and her husbhand have been trying fo conceive for maore than a year and are being followed by an infertility specialist. The
woman is found to have significant scarring and fibrosis involving her fallopian tubes secondary to pelvic inflammatory disease that she had at a
young age. After a long struggle, the woman finally becomes pregnant. She gives birth to 2 boy who is evaluated by a pediatrician and found to
have a flat nasal bridge, small mouth, and low-set ears. The pediatrician orders a karyotype analysis on the infant, which is shown below.

The infant is most likely to suffer from which of the following conditions?

=T - RS R = ) (R TS R ¥ S

« 10 v A Acute lymphoblastic leukemia [85%]
11
B. Chronic myelogenous leukemia [8%]
12
o 13 C. Immotile cilia [1%]
. 14 D. Macroorchidism [3%)]
. 15
16 E. Red blood cell sickling [0%]
. 17 F. Rickets [0%]
« 18
. 19
. 20 L
21 ik || 85% 3 Seconds 10/28/2018
Correct answer Answered correcily Time Spent Last Updated
o P A
23
24 )
T Explanation
26
. 27

This karyotype shows trisomy 21 (47, XY, +21}, which is diagnostic for Down syndrome, the most common genetic cause of congenital mental
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Explanation

This karyotype shows trisomy 21 (47, XY, +21), which is diagnostic for Down syndrome, the maost commaon genetic cause of congenital mental
retardation. In most cases, Down syndrome results from meiotic nondisjunction in the ovum; the parents themselves are usually genetically
normal. Advanced maternal age is a risk factor for having a child with Down syndrome.

Individuals with Down syndrome have a 10- to 20-fold increased risk of developing acute lymphoblastic leukemia, and their risk for developing
acute myelogenous leukemia is also increased.

(Choice B) Chronic myelogenous leukemia is commonly associated with the Philadelphia chromosome (reciprocal translocation between the long
arms of chromosomes 9 and 22). This franslocation fuses the BCR gene on chromosome 22 to the ABL gene on chromosome 9, resulting in
formation of the oncogenic BCR-ABL fusion gene on the shortened chromosome 22 Karyotype analysis shows elongation of chromosome 9.

(Choice C) Immotile cilia are found in Kartagener syndrome, a condition caused in most cases by an autosomal recessive mutation in the gene
coding for the microtubule-associated protein dynein. Male infertility, recurrent sinusitis, and bronchiectasis result. Situs inversus may also be
present.

(Choice D) Macroorchidism (large testes) typically develops in pubertal boys with fragile X syndrome, the second most common genetic cause
{and the most comman inherited cause) of mental retardation in males. On karyotype analysis of cells cultured in a folate-deficient medium, this
X-linked disorder shows a discontinuity of staining on the long arm of the X chromosome.

(Choice E) Red blood cell sickling occurs in sickle cell anemia. The sickle cell mutation is localized to individual 3-globin genes on chromosome
11 and does not result from trisomy 21

(Choice F) Rickets can be caused by autosomal dominant, autosomal recessive, and X-linked mutations that affect calcium and phosphate
metabolism and bone mineralization. However, none of these mutations are associated with Down syndrome.

Educational objective:

’

Reverse Color

QA

Text Zoom




— Htem 20 of 40 Dher < B ? & = v B:A

1
. 2 Question Id: 1599 Previous Mext Tutorial Lab Values Motes Calculator Reverse Color iy
s X arms of chromosomes 9 and 22). This translocation fuses the BCR gene on chromosome 22 to the ABL gene on chromosome 9, resulting in *
‘. formation of the oncogenic BCR-ABL fusion gene on the shortened chromosome 22, Karyotype analysis shows elongation of chromosome 9.
i 8§
= (Choice C) Immotile cilia are found in Kartagener syndrome, a condition caused in most cases by an autosomal recessive mutation in the gene
? coding for the microtubule-associated protein dynein. Male infertility, recurrent sinusitis, and bronchiectasis result. Situs inversus may also be
resent.
. 8 P
e (Choice D) IMacroorchidism (large testes) typically develops in pubertal boys with fragile X syndrome, the second most common genetic cause
. 10 (and the most comman inherited cause) of mental retardation in males. On karyotype analysis of cells cultured in a folate-deficient medium, this
11 X-linked disorder shows a discontinuity of staining on the long arm of the X chromosome.
- 12 (Choice E) Red blood cell sickling occurs in sickle cell anemia. The sickle cell mutation is localized to individual B-globin genes on chromosome
- 13 11 and does not result from trisomy 21.
. 14
i (Choice F) Rickets can be caused by autosomal dominant, autosomal recessive, and X-linked mutations that affect calcium and phosphate
SE metabolism and bone mineralization. However, none of these mutations are associated with Down syndrome.
17 Educational objective:
. 18 Trisomy 21 is detectable by cytogenetic karyotype analysis and is the most commaon genetic cause of congenital mental retardation. Patients with
g O Down syndrome are at increased risk of developing acute lymphoblastic leukemia and acute myelogenous leukemia.
. 20
21 References
i 2 , ) , o
P = Malignancy in children with trisomy 21.
. 24 = Down syndrome and malignancies: a unigue clinical relationship: a paper from the 2008 william beaumont hospital symposium on molecular
. 375 pathology.
26 . : -
Copyright © L'World. All rights reserved
. 27
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A 12-year-old girl is brought to the physician by her parents, who are concerned about her loss of interest in playing sports at school. During a
recent competition, she walked off the field in the middle of the game, complaining about the pain in her legs. The patient has no other medical
conditions and takes no medications. Her vaccination schedule is up-to-date. Physical examination shows pulsatile vessels within the intercostal
spaces and diminished femoral pulses relative to brachial pulses. This patient's symptoms are most likely associated with which of the following

conditions?
A DiGeorge syndrome
() B. Down syndrome
f, C. Friedreich ataxia
; D Kartagener syndrome
) E. Marfan syndrome
‘ F. Tuberous sclerosis
_, G.  Turner syndrome
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A 12-year-old girl is brought to the physician by her parents, who are concerned about her loss of interest in playing sports at school. During a
recent competition, she walked off the field in the middle of the game, complaining about the pain in her legs. The patient has no other medical
conditions and takes no medications. Her vaccination schedule is up-to-date. Physical examination shows pulsatile vessels within the intercostal
spaces and diminished femoral pulses relative to brachial pulses. This patient's symptoms are most likely associated with which of the following
conditions?

DiGeorge syndrome [2%]
Down syndrome [1%]
Friedreich ataxia [3%)]
Kartagener syndrome [2%)]
MMarfan syndrome [6%]

Tuberous sclerosis [5%]

© " m o o ®» »

Turner syndrome [73%]

S et
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Explanation

This patient most likely has congenital coarctation of the aorta, which typically affects the region of the aoria just distal to the left subclavian artery.
Although traditionally classified into preductal and postductal types, the signs and symptoms of aortic coarctation depend more on the age at
presentation, which varies according to the severity of the stenosis. Severe coarctation usually presents in infancy with differential cyanosis
affecting the lower extremities as long as the ductus arteriosus remains patent. On ductal closure, these neonates can develop signs of heart
failure and shock. More moderate stenosis often presents in childhood or adolescence with symptoms of lower-extremity claudication (eg, pain
and cramping with exercise), blood pressure discrepancy between the upper and lower extremities, and delayed or diminished femoral pulses.
Continuous murmurs and pulsatile intercostal collaterals can also develop secondary to restricted circulation.

Congenital aortic coarctation occurs in up to 10% of patients with Turner syndrome (45 XO).

(Choice A) DiGeorge syndrome is associated with at least 15% of cases of interrupted aortic arch, a more extreme anomaly than aortic
coarctation in which the aortic arch is atretic or a segment of the arch is absent. Affected patients have poor lower-extremity pulses, but
respiratory distress, variable cyanosis, and signs of congestive heart failure will also develop during the first days of life.

(Choice B) Down syndrome is associated with endocardial cushion defects that result in ostium primum atrial septal defects and regurgitant
atrioventricular valves.

(Choice C) Friedreich ataxia is marked by spinocerebellar degeneration with predominantly spinal ataxia. This can produce difficulty walking, but
femoral pulses are not affected. This autosomal recessive condition is associated with hypertrophic cardiomyopathy.

(Choice D) In Kartagener syndrome, cilia are immotile due to a microtubular dynein arm defect. Infertility, recurrent sinusitis, and bronchiectasis
accur as a result. This syndrome is associated with situs inversus, not aortic coarctation.

(Choice E) Marfan syndrome is associated with cystic medial necrosis of the aorta, which may result in aortic dissection and aortic valve
incompetence. Mitral valve prolapse can also occur due to the same degenerative process.

(Choice F) Tuberous sclerosis is an autosomal dominant syndrome characterized by cutaneous angiofibromas (adenoma sebaceum), seizures,
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Continuous murmurs and pulsatile intercostal collaterals can also develop secondary to restricted circulation.
Congenital aortic coarctation occurs in up to 10% of patients with Turner syndrome (45 X0).

(Choice A) DiGeorge syndrome is associated with at least 15% of cases of interrupted aortic arch, a more extreme anomaly than aortic
coarctation in which the aortic arch is atretic or a segment of the arch is absent. Affected patients have poor lower-extremity pulses, but
respiratory distress, variable cyanosis, and signs of congestive heart failure will also develop during the first days of life.
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{Choice B) Down syndrome is associated with endocardial cushion defects that result in ostium primum atnial septal defects and regurgitant

« 10

i3 atrioventricular valves.
. 13 (Choice C) Friedreich ataxia is marked by spinocerebellar degeneration with predominantly spinal ataxia. This can produce difficulty walking, but
. 12 femoral pulses are not affected. This autosomal recessive condition is associated with hypertrophic cardiomyopathy.
. 14 (Choice D) In Kartagener syndrome, cilia are immaotile due to a microtubular dynein arm defect. Inferility, recurrent sinusitis, and bronchiectasis
+ 15 accur as a result. This syndrome is associated with situs inversus, not aortic coarctation.

16

5 (Choice E) Marfan syndrome is associated with cystic medial necrosis of the aorta, which may result in aortic dissection and aortic valve
' o incompetence. Mitral valve prolapse can also occur due to the same degenerative process.
. 19 (Choice F) Tuberous sclerosis is an autosomal dominant syndrome characterized by cutaneous angiofibromas (adenoma sebaceum), seizures,
. 70 and mental retardation. Pathological lesions include central nervous system hamartomas and benign neoplasms, renal and other visceral cysts,

and cardiac rhabdomyomas.

I
[

22 Educational objective:
23 Aortic coarctation in a child/young adult presents with lower-extremity claudication (eg, pain and cramping with exercise), blood pressure
« 24 discrepancy between the upper and lower extremities, and delayed or diminished femoral pulses. Turner syndrome (45 XO) is associated with
« 25 coarctation of the aorta in up to 10% of cases.
26 . : .
Copyright © L'World. All rights reserved
. 27
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i 5 . )
z Aortic coarctation
u |7 Patent ductus Closed ductus
5 8
Left common
E carotid
. 10
11
G i Brachiocephalic
.13 artery
. 14
. s _— Left subclavian —
SE artery
o 17 Aortic
. 18 coarctation
. 19
. 20 Patent ductus
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23
- Ligamentum
. 25 arterinsum
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In Kartagener syndrome. cilia are immaotile due to a microtubular dynein arm defect. Infertility. recurrent sinusitis. and bronchiectasis
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. 12 coarctation
. 13 '
. 14 . Patent ductus
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16
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- 18 Ligamentum
. 19 arteriosum
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. 22 Pulmonary
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A married couple comes to the physician for routine prenatal counseling. The husband is 120 cm (3 ft 11 in) tall with disproportionately short upper
and lower extremities, a large head, and a prominent forehead. He is unable to provide a biological family history as he was adopted. His spouse
is of average height with normal constitutional features, and her family history is insignificant. They are concerned about their unborn child's
height. Which of the following is the best response to their concerns?
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. H‘ A The condition is not inheritable
« 10 _ B. The risk depends on the child's gender

i; ’_: C. The risk depends on the mother's carrier status
o 13 : D The risk for the child to be short is about 25%
o () E. The risk for the child to be short is about 50%
. 15

16
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A married couple comes to the physician for routine prenatal counseling. The husband is 120 cm (3 ft 11 in) tall with disproportionately short upper
and lower extremities, a large head, and a prominent forehead. He is unable to provide a biological family history as he was adopted. His spouse

is of average height with normal constitutional features, and her family history is insignificant. They are concerned about their unborn child's

height. Which of the following is the best response to their concerns?

The condition is not inheritable [7%]
The risk depends on the child's gender [2%)]
The risk depends on the maother's carrier status [16%]

The risk for the child to be short is about 25% [8%]

m =2 o B =

The risk for the child to be short is about 50% [65%]

A pas |
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Explanation

The husband's short stature and morphologic features are suggestive of achondroplasia. Achondroplasia is the most commaon form of short-
limbed dwarfism and is caused by a mutation that results in constitutive activation of fibroblast growth factor receptor 3 (FGFR3).

Achandroplasia occurs as a sporadic mutation (due to advanced paternal age) in 85% of cases and as an inherited autosomal dominant (AD)
frait in the remaining 15%. Only 1 mutant copy of the FGFR3 gene is sufficient to cause the disarder: 2 copies of the mutant gene (ie
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. 3 Explanation -
4
’ i The husband's shart stature and morphologic features are suggestive of achondroplasia. Achondroplasia is the most commaon form of short-
. limbed dwarfism and is caused by a mutation that results in constitutive activation of fibroblast growth factor receptor 3 (FGFR3).
. 7
I Achaondroplasia occurs as a sporadic mutation (due to advanced paternal age) in 85% of cases and as an inherited autosomal dominant (AD)
8 frait in the remaining 15%. Only 1 mutant copy of the FGFR3 gene is sufficient to cause the disorder; 2 copies of the mutant gene (ie,
T homozygosity) usually result in death shortly after birth. As a result, the husband must be heteroczygous for the achondroplasia mutation. A
4 heterozygous parent has a 50% chance of transmitting the mutation. Therefore, the unborn child has a 50% chance of inheriting achondroplasia
7 (Choice A). Because achondroplasia is a rare condition, the chance of the unborn child having a sporadic mutation does not significantly add to
’ i the 50% risk of inheriting the disease.
. 14 {Choice B) In sex-linked disorders, the responsible gene is located on a sex chromosome (either X or Y). Most sex-linked disorders are X-linked
. 15 recessive (XLR). In XLR disorders, women with a copy of the defective gene will not have the disorder but will be carriers; men who inherit the
15 defective gene will be affected. In X-linked dominant disorders, both males and females are affected following inhentance of the defective gene.
- 17 (Choice C) Inheritance of an AD trait does not always result in the disease phenotype in conditions with incomplete penetrance. However,
. 18 achondroplasia is a fully penetrant genetic disorder; if the mother carried the trait, she would have short stature.
» 19
5 (Choice D) About 25% of children are affected in autosomal recessive (AR) disorders if both parents carry 1 copy of the defective gene (most
’ common scenario). Many AR disorders are the result of enzymatic deficiencies (eg, phenylketonuria) that require both copies of the gene to be
21 : : < s .
knocked out, as 1 functional copy usually provides sufficient activity to prevent occurrence of the disease.
. 22
23 Educational objective:
. 24 Achaondroplasia is an autosomal dominant (AD) disorder that results in a gain-of-function mutation in the FGFR3 gene. Most individuals affected
R by AD disorders are heterozygous and have a 50% chance of transmitting the mutation to their offspring.
26
.« 27 References .
28
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A 33-year old primigravida comes to the office to discuss results of prenatal testing. The patient is at 12 weeks gestation based on her last
menstrual period. She has been taking prenatal vitamins inconsistently due to pregnancy-related nausea. Maternal alpha-fetoprotein level is
reduced, and an ultrasound reveals increased nuchal translucency. Chorionic villous sampling shows a fetal karyotype of 47, XX, +21. The fetus
is at greatest risk of developing which of the following conditions?

Duodenal atresia

L

o

Holoprosencephaly

L

—

MNephroblastoma

LY
b
() Omphalocele

Y A
) B:
| C. Myelomeningocele
B
e
)iE

Pyloric stenosis
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A 33-year old primigravida comes to the office to discuss results of prenatal testing. The patient is at 12 weeks gestation based on her last
menstrual period. She has been taking prenatal vitamins inconsistently due to pregnancy-related nausea. Maternal alpha-fetoprotein level is
reduced, and an ultrasound reveals increased nuchal translucency. Chorionic villous sampling shows a fetal karyotype of 47, XX, +21. The fetus
is at greatest risk of developing which of the following conditions?

W A Duodenal atresia [83%]
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Omphalocele [3%]
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Pyloric stenosis [4%]
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7
L Features of Down syndrome
g
10
11
12 Epicanthic folds
13 W 4 X . '
14 o Upslanting
= M palpebral fissures
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21 Down syndrome (trisomy 21} is the most common trisomy in liveborn infants. The diagnosis is often suspected by prenatal screening (eg,
. 23 decreased maternal serum alpha-fetoprotein [AFP]) and/or ultrasonography (eg, increased nuchal translucency) and confirmed by chorionic

villous sampling or amniocentesis. Most cases are caused by meiotic nondisjunction due to matermnal age =35, which result in 3 complete copies

I
W

of chromosome 21

. 24

« 25 Duodenal atresia, the failure of recanalization of the duodenum in early gestation, is the most common gastrointestinal abnormality associated
26 with Down syndrome. Infants present during the first few days of life with bilious emesis and the classic "double-bubble” sign, which represents

. 27

the dilated stomach and proximal ducdenum. Patients with Down syndrome are also at nsk for imperforate anus, Hirschsprung disease,

[
m
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Down syndrome (trisomy 21) is the most common trisomy in liveborn infants. The diagnasis is often suspected by prenatal screening (eg,
decreased maternal serum alpha-fetoprotein [AFF]) and/or ultrasonography (eg, increased nuchal translucency) and confirmed by choricnic
villous sampling or amniocentesis. Most cases are caused by meiotic nondisjunction due to matemal age =35, which result in 3 complete copies
of chromosome 21.
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Duodenal atresia, the failure of recanalization of the duodenum in early gestation, is the most common gastrointestinal abnormality associated

« 10
i3 with Down syndrome. Infants present during the first few days of life with bilious emesis and the classic "double-bubble" sign, which represents
the dilated stomach and proximal duodenum. Patients with Down syndrome are also at risk for imperforate anus, Hirschsprung disease,
o trachecesophageal fistula, and celiac disease.
. 13
. 14 (Choice B) Holoprosencephaly, a severe developmental defect of the forebrain (prosencephalon), is associated with trisomy 13 (Patau
. 15 syndrome). Additional features include microcephaly, microphthalmia, cleft lip/palate, and intellectual disability.
16 (Choices C and E) Markedly elevated AFF levels are associated with open neural tube and ventral wall defects (omphalocele, gastroschisis).
i 12 Myelomeningocele is associated with trisomy 18, and omphalocele is associated with trisomies 13 and 15.
. 18
(Choice D) Nephroblastoma, or Wilms tumor, typically presenis before age 5 with an abdominal mass. The majority of cases are sporadic, but a
2 subset is associated with Beckwith-Wiedemann syndrome.
« 20
21 (Choice F) Pyloric stenosis is caused by hypertrophy of the pylorus and presents at age 3-6 weeks with forceful, nonbilious emesis. Pyloric
. 23 stenosis is not associated with Down syndrome.

Educational objective:

« 24 Down syndrome (trisomy 21) 1s associated with decreased maternal serum alpha-fetoprotein and increased nuchal translucency. Duodenal

« 25 atresia is the most common gastrointestinal complication in these patients.
26
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A 46-year-old woman is evaluated for a 2-month history of progressive abdominal distension, vague abdominal discomfort, and a bloating
sensation. Physical examination shows moderate ascites. Laboratory evaluation reveals markedly elevated CA-125 and imaging studies show an
avarian mass. Molecular analysis of the malignant cells in ascitic fluid is performed, and these cells are found to have high telomerase activity.
This enzyme promotes cell growth and malignancy by directly causing which of the following actions?

o
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) A. Enhancing tissue invasion and metastasis
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Increasing transcription factor expression
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. -
— [l
(W5 ] ra

Y
T
Y

-~

[
o+

) B:

) C.

D Promoting G1/S progression
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A 46-year-old woman is evaluated for a 2-month history of progressive abdominal distension, vague abdominal discomfort, and a bloating
sensation. Physical examination shows moderate ascites. Laboratory evaluation reveals markedly elevated CA-125 and imaging studies show an
avarian mass. Molecular analysis of the malignant cells in ascitic fluid is performed, and these cells are found to have high telomerase activity.
This enzyme promotes cell growth and malignancy by directly causing which of the following actions?

Enhancing tissue invasion and metastasis [19%]

Increasing transcription factor expression [2%]

A
B

v C. Preventing chromosomal shortening [91%]
D.  Promoting G1/S progression [3%]

E

Sustaining angiogenesis [0%]
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Explanation

Telomeres lie at the end of linear eukaryotic chromosomes and have tandem repeat DNA sequences, usually GT-rich repeats (eg, TTAGGG).
They protect chromosomes from being recognized as damaged DNA, help to regulate gene expression, and participate in controlling cell
replication and entry into senescence. As DMNA polymerase cannot fully replicate the 3' end of the lagging chromosomal strands, cell division and
aging lead to progressive DNA loss and telomere shortening at chromosomal ends. Once cells reach their maximum limit for proliferation (~50-70
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Explanation *

Telomeres lie at the end of linear eukaryotic chromosomes and have tandem repeat DNA sequences, usually GT-rich repeats (eg, TTAGGG).
They protect chromosomes from being recognized as damaged DNA, help to regulate gene expression, and participate in controlling cell
replication and entry into senescence. As DMNA polymerase cannot fully replicate the 3' end of the lagging chromosomal strands, cell division and
aging lead to progressive DNA loss and telomere shortening at chromosomal ends. Once cells reach their maximum limit for proliferation (~50-70

=T - RS R = ) (R TS R ¥ S

divisions), the shortened telomeres trigger permanent growth arrest. Cell checkpoeint genes (eg, TP53) become activated, and the critically short
and dysfunctional telomeres lead to programmed cell death (apoptosis).

« 10
11 Telomerase is an RNA-dependent DNA polymerase that consists of 2 molecules, human telomerase reverse transcriptase (TERT) and
12 telomerase RNA (TR or TERC). Telomerase synthesizes telomeric DNA sequences that can replace the lost chromosomal ends of the
« 13 telomeres. As a result, the telomere can divide without reaching a limit. Normal human cells have absent telomerase activity except in cells that
. 14 need to divide regularly (eg, germ cells, certain adult stem cells). However, =30% of cancer cells contain increased telomerase activity, allowing
. 15 for continued proliferation without apoptosis.
LG (Choice A) Matrix metalloproteinases are proieases that degrade extracellular matrix proteins. They also modulate cell signaling by cleaving cell
« 1 surface receptors, releasing apoptotic ligands, and inactivating chemokines/cytokines. These enzymes generally increase cell proliferation and
- 18 allow for tissue invasion and metastasis.
» 19
5 (Choice B) Proto-oncogenes often encode proteins involved in signal fransduction in response to growth factors. Mutations in these genes can
35 result in constitutive signal activation and increased transcription factor expression, stimulating cellular proliferation.
o 23 (Choice D) Cyclin D is a protein that is synthesized during the G1 phase of the cell cycle and helps promote the G1/5 phase transition. Increased
23 expression of cyclin D can result in unchecked cellular proliferation.

- 24

(Choice E) Vascular endothelial growth factor (WVEGF) is a signal protein that helps create new blood vessels after injury. Cancer cells can

+ 25 overexpress VEGF fo promote angiogenesis and allow for increased growth and metastasis.
26
5 Educational objective:

elomerase (s an BNA-
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and dysfunctional telomeres lead to programmed cell death (apoptosis).

Telomerase is an RNA-dependent DNA polymerase that consists of 2 molecules, human telomerase reverse transcriptase (TERT) and
felomerase RNA (TR or TERC). Telomerase synthesizes telomeric DNA sequences that can replace the lost chromosomal ends of the
felomeres. As a result, the telomere can divide without reaching a limit. Normal human cells have absent telomerase activity except in cells that
need to divide regularly (g, germ cells, certain adult stem cells). However, =80% of cancer cells contain increased telomerase activity, allowing
for continued proliferation without apoptosis.
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. 10 {Choice A) Matrix metalloproteinases are proteases that degrade extracellular matrix proteins. They also modulate cell signaling by cleaving cell
11 surface receptors, releasing apoptotic ligands, and inactivating chemokines/cytokines. These enzymes generally increase cell proliferation and
. 12 allow for tissue invasion and metastasis.
« 13 (Choice B) Proto-oncogenes often encode proteins involved in signal fransduction in response to growth factors. Mutations in these genes can
« 14 result in constitutive signal activation and increased transcription factor expression, stimulating cellular proliferation.
. 15
SE (Choice D) Cyclin D is a protein that is synthesized during the G1 phase of the cell cycle and helps promote the G1/5 phase transition. Increased
expression of cyclin D can result in unchecked cellular proliferation.
i A
. 18 (Choice E) Vascular endothelial growth factor (WVEGF) is a signal protein that helps create new blood vessels after injury. Cancer cells can
. 19 averexpress VEGF o promote angiogenesis and allow for increased growth and metastasis.
« 20 Educational objective:
21 Telomerase is an RNA-dependent DNA polymerase that synthesizes telomeric DNA sequences that can replace the lost chromosomal ends of the
i@ 2 telomeres. Cancer cells typically contain increased telomerase activity to allow for continued proliferation.
23
- 23 References
. 25
26 = Progress in structural studies of telomerase.
. 27
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A 25-year-old Caucasian man is undergoing evaluation for azoospermia. The patient has been monogamous with his long-term girlfriend and
does not use contraception during sexual intercourse. They have been trying to conceive for the past year with no success. The patient has a
past medical history of recurrent pneumaonia with frequent hospitalizations for antibiotic treatment. He takes no medications and does not use
tobacco, alcohol, or illict drugs. The patient has no allergies and his immunizations are up-to-date. His family history is unknown as he was
adopted as an infant. Physical examination shows digital clubbing. A transrectal ultrasound shows bilateral absence of the vas deferens. Which
of the following tests would most likely confirm the underlying diagnosis of this patient's condition?
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. 1? A Chloride level in the sweat
« 12 i ) B. Cilia motility of the nasal epithelium
13 () C Serum alpha-1 antitrypsin level
: 1: () D. Serum FSH and LH levels
i E. Serum IgA levels
: i; H F  Serum testosterone levels
. 19
. 20
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i 3
4 A 25-year-old Caucasian man is undergoing evaluation for azoospermia. The patient has been monogamous with his long-term girlfriend and
i 5 does not use contraception during sexual intercourse. They have been trying to conceive for the past year with no success. The patient has a
I past medical history of recurrent pneumaonia with frequent hospitalizations for antibiotic treatment. He takes no medications and does not use
. 7 tobacco, alcohol, or illict drugs. The patient has no allergies and his immunizations are up-to-date. His family history is unknown as he was
. 8 adopted as an infant. Physical examination shows digital clubbing. A transrectal ultrasound shows bilateral absence of the vas deferens. Which
g of the following tests would most likely confirm the underlying diagnosis of this patient's condition?
« 10 _ _
i v A.  Chiloride level in the sweat [62%)]
« 12 B. Cilia motility of the nasal epithelium [26%]
. 13 ; :
C. Serum alpha-1 antitrypsin level [1%]
. 14
. 15 D. Serum FSH and LH levels [3%]
i E. Serum IgA levels [0%]
.
e F. Serum testosterone levels [4%]
. 19
. 20
21 Omitted
Shhea, |“ 62% 3 Seconds 09/26/2018
- 22 Eorrec‘[ SHENC Answered comectly Time Spent Last Updated
23
. 24
25 Explanation
26
- 27 . : o . ) . . .
patient has a history of recurrent pneumonia_digital clubbing.azoospermia_and bilateral absence of the vas deferens: this is most likely due b
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Explanation

This patient has a history of recurrent pneumonia, digital clubbing, azoospermia, and bilateral absence of the vas deferens; this is most likely due
fo cystic fibrosis (CF). Patients with CF have variable severity of lung and pancreatic function. Although most patients have recurrent

=T - RS R = ) (R TS R ¥ S

sinopulmonary infections and pancreatic insufficiency, some patients may have mild disease depending on their underlying mutation. Regardless

- of lung or pancreas function, virtually all adult men with CF have azoospermia and infertility. Although spermatogenesis is usually normal,
11 almost all males with CF are unable to secrete semen due to congenital bilateral absence of the vas deferens (CBAVD). CFTR mutations are
« 12 likely responsible for abnormal development of Wolffian structures, resulting in vasal agenesis and defective sperm transport.
. 13
7 A diagnosis of CF can be based on elevated sweat chloride levels. If the sweat chloride test is equivocal. measurement of nasal
: is transepithelial potential difference and genetic testing for CFTR mutations should be performed to confirm the diagnosis.
16 (Choice B) Although, primary ciliary dyskinesia (eg, Kartagener syndrome) can cause recurrent pulmaonary infections and digital clubbing,
.17 infertility in Kartagener syndrome is usually due to immotile spermatozoa. Abnormal nasociliary motility is a nonspecific finding that is seen most
. 18 commonly in patients with primary ciliary dyskinesia and in some patients with CF (due to abnormally thick mucus). A more specific test for CF is
. 10 the nasal transepithelial potential difference. In addition, CBAVD is virtually pathognomonic for a CFTR mutation.
« 20 (Choice C) Low serum alpha-1 antitrypsin (AAT) is associated with AAT deficiency and not with CF. AAT deficiency is typically associated with
21 panacinar emphysema and chronic liver disease. Infertility is not seen in these patients.
i 2
(Choices D and F) F5SH, LH, and testosterone levels are usually normal in patients with CF. A low testosterone level in the setting of decreased
23 : : . 3
FSH and LH is seen in hypogonadotropic hypogonadism (eg, Kallmann syndrome).
. 24

(Choice E) Primary humoral deficiencies usually manifest as recurrent upper and lower respiratory tract infections due to impaired antibody

« 25

production. However, most patients with selective IgA deficiency are asymptomatic.

[
=1

Educational objective:
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almost all males with CF are unable to secrete semen due to congenital bilateral absence of the vas deferens (CBAVD) CFTR mutations are &
likely responsible for abnormal development of Wolffian structures, resulting in vasal agenesis and defective sperm transport.

A diagnosis of CF can be based on elevated sweat chloride levels. If the sweat chloride test is equivocal, measurement of nasal
transepithelial potential difference and genefic testing for CFTR mutations should be performed to confirm the diagnosis.

(Choice B) Although, primary ciliary dyskinesia (eg, Kartagener syndrome) can cause recurrent pulmaonary infections and digital clubbing,
infertility in Kartagener syndrome is usually due to immotile spermatozoa. Abnormal nasociliary motility is a nonspecific finding that is seen most
commonly in patients with primary ciliary dyskinesia and in some patients with CF (due to abnormally thick mucus). A more specific test for CF is

=T - RS R = ) (R TS R ¥ S

« 10
11 the nasal transepithelial potential difference. In addition, CBAVD is virtually pathognomonic for a CFTR mutation.
12 (Choice C) Low serum alpha-1 antitrypsin (AAT) is associated with AAT deficiency and not with CF. AAT deficiency is typically associated with
. panacinar emphysema and chronic liver disease. Infertility is not seen in these patients.
. 14
(Choices D and F) FSH, LH, and testosterone levels are usually normal in patients with CF. A low testosterone level in the setting of decreased
s F5H and LH is seen in hypogonadotropic hypogonadism (eg, Kallmann syndrome).
16
. 17 (Choice E) Primary humoral deficiencies usually manifest as recurrent upper and lower respiratary tract infections due to impaired antibody
T production. However, most patients with selective IgA deficiency are asymptomatic.
- 19 Educational objective:
« 20 CFTR gene mutations are the most common cause of congenital bilateral absence of the vas deferens (CBAVD). Patients with CBAVD have
21 azoospermia and infertility but normal levels of FSH, LH, and testosterone. Elevated sweat chloride levels are diagnostic of cystic fibrosis.
i 2
= References
. 24

= hanagement of male infertility due to congenital bilateral absence of vas deferens should not ignore the diagnosis of cystic fibrosis.

= 25

[
(=]

= CFTR mutations in men with congenital bilateral absence of the vas deferens (CBAVD): a systemic review and meta-analysis.
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A pharmaceutical researcher develops a new drug that affects bacterial protein synthesis. In an experiment, Escherichia coli is exposed to the
drug and serally cultured in media containing tagged nuclectides and amine acids. [t is found that the drug inhibits molecules that recognize the
highlighted codon in the bacterial mRENA fragment shown in the image below.

Which of the following molecules is the most likely target of this drug?

=T - RS R = ) (R TS R ¥ S

) A Charged tRNA
. 10 ~ :
) B. Elongation factor 2
11 -
G b _ ) C. Releasing factor 1
s _a ") D. snRNP
. 14 —
. 15 ) E. Transcription facter Il D
16 ") F Uncharged tRNA
. 17
. 18

-y
=]

[ = S R S
[, T - TS R N ™

Block Time Remaining: 00:01:47

@ Feedback Suspend End Block




g

—
: ltem 26 of 40 & e <1 > 2 Ly = v 8:A &

Question Id: 2029 Previous MNext Tutorial Lab Values MNotes Calculator  Reverse Color iy

Exhibit Display i E

=T - RS R = ) (R TS R ¥ S

et e et el
B WM e D

5" ---ACG CUACCAUUG CAAGUUAGC UAAAUAGCG UUC ---3

©UWorld

R N R R N e o A R = Sy =
I SE T R E S TR = S = B < - N R = B |

25

Zoom In Zoom Out Reset Add To Flash Card

P
~

I
(=]

AR Al Aty -

Block Time Remaining: 00:02:51 Eo! — | @
Feedback Suspend

TUTOR End Block

- =~ . » 4o 40 PM
L = I~ ; P =

)



= ftem 26 0f 40 s T (2 ’ G:A &

Question Id: 2029 Previous  MNext Tutorial  Lab Values Calculator  Reverse Color o4 700

A pharmaceutical researcher develops a new drug that affects bacterial protein synthesis. In an experiment, Escherichia coli is exposed to the
drug and serally cultured in media containing tagged nuclectides and amine acids. [t is found that the drug inhibits molecules that recognize the
highlighted codon in the bacterial mRENA fragment shown in the image below.

Which of the following molecules is the most likely target of this drug?
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) A Charged tRNA
. 10 ~ :
) B. Elongation factor 2
11 -
G b _ ) C. Releasing factor 1
s _a ") D. snRNP
. 14 —
. 15 ) E. Transcription facter Il D
16 ") F Uncharged tRNA
. 17
. 18
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4 A pharmaceutical researcher develops a new drug that affects bacterial protein synthesis. In an experiment, Escherichia coli is exposed to the
i 5 drug and serially cultured in media containing tagged nuclectides and amino acids. [t is found that the drug inhibits molecules that recognize the
I highlighted codon in the bacterial mRENA fragment shown in the image below.
. & Which of the following molecules is the most likely target of this drug?
. 8
Q A Charged tRNA [15%]
« 10 :
B. Elongation factor 2 [7%]
11
. 13 v C. Releasing factor 1 [56%]
# & D. snRNP [5%]
. 14
. 15 E. Transcription factor [I D [3%]
16 F  Uncharged tRNA [12%]
i A
. 18
. 19 .
. 20 IR0 |y 56% 3 Seconds 09/09/2018
i gorrec’[ ElLELES Answered comectly Time Spent Last Updated
i 2
23
; :
. 24 Explanation
= 25 z - 3, A - 5 - - -
There are 64 codons in the genetic code, the majority of which code for amino acids. However, because there are only 20 amino acids, most have
more than one codon. For example, GUU, GUC, GUA, and GUG all code for valine.
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Explanation
5
. There are 64 codons in the genetic code, the majority of which code for amino acids. However, because there are only 20 amino acids. most have
% more than one codon. For example, GUU, GUC, GUA, and GUG all code far valine.
8
8 In addition, there are codons that call for initiation or termination of protein synthesis The universal start codon is AUG, which codes for
T methionine. UAA, UAG. and UGA are stop codons, which do not code for amino acids or bind tRNA_ Instead, when the ribosome encounters a
4 stop codon, releasing factor proteins bind to the ribosome and stimulate release of the formed polypeptide chain and dissclution of the ribosocme-
mRNA complex.
12
13 (Choice A) Charged tRNA delivers amino acids to the protein synthesis complex. The anticodon on a tRMNA molecule recognizes the
14 corresponding codon on mRNA, assuring proper amino acid sequencing.
15 (Choice B) Elongation factors facilitate tRNA binding and the translocation steps of protein synthesis.
16
= (Choice D) Transcription produces a pre-mRNA molecule containing both introns and exons. Splicing is a post-transcriptional madification in
% which infrons are removed from pre-mRNA via small nuclear ribonucleoproteins (snRNPs).
19 (Choice E) Initiation of gene transcription is govemed by the binding of transcription factors to the regulatory region of the gene. Transcription
20 factor Il D binds to the TATA promoter sequence located ~25 bases upstream from the coding region of the gene.
i (Choice F) During protein synthesis, uncharged tRNA (lacking an amino acid) does not interact with mRMA and ribosomes.
22
i Educational objective:
= Releasing factors recognize stop codons (eg, UAA, UAG, and UGA) and terminate protein synthesis. They facilitate release of the polypeptide
i chain from the ribosome and dissclution of the ribosome-mRNA complex.
. 27 References
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A 12-year-old boy is evaluated in the clinic due to excessive bleeding following a tooth extraction. The patient also develops large bruises after
only minor injury but has had no major bleeding episodes in the past. His maternal uncle died from an intracranial hemorrhage. Laboratary
testing reveals decreased coagulation factor VIII activity levels. A referral is made to a clinical geneticist, who suspects that the patient has a
deletion mutation in the enhancer sequence of the factor VIII gene. This mutation has resulted in decreasad franscription of factor VIII by RNA
polymerase |l Which of the following is the most accurate statement regarding the abnormal genetic sequence in this patient?
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A It can be located upstream, downstream, or within introns of the gene

« 10 b
11 ‘ B. It can function within cnly a short distance of the gene
- 12 ™ - : ol
() C ltdirectly binds RNA polymerase and general transcription factors
. i
. 14 : f, D It does not require protein binding to affect transcription
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It is required to initiate transcription
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A 12-year-old boy is evaluated in the clinic due to excessive bleeding following a tooth extraction. The patient also develops large bruises after

only minor injury but has had no major bleeding episodes in the past. His maternal uncle died from an intracranial hemorrhage. Laboratary

testing reveals decreased coagulation factor VIII activity levels. A referral is made to a clinical geneticist, who suspects that the patient has a

deletion mutation in the enhancer sequence of the factor VIII gene. This mutation has resulted in decreasad franscription of factor VIII by RNA
polymerase |l Which of the following is the most accurate statement regarding the abnormal genetic sequence in this patient?

v A It can be located upstream, downstream, or within introns of the gene [61%]
B. It can function within only a short distance of the gene [7%]
C. It directly binds RNA polymerase and general transcription factors [14%]
D. It does not require protein binding to affect transcription [4%]
E. ltis required to initiate transcription [12%]

mitte

nitted

=" ||| 61% 3 Seconds 01/31/2019
iorrect elizfd Answered correcily Time Spent Last Updated
Explanation

This patient has hemophilia A, an X-linked recessive disorder characterized by easy bruising and excessive bleeding due to a deficiency in
coagulation factor VIII. The disorder can be caused by a variety of different mutations in the factor VIl gene, including deletions in the enhancer
seguence.
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3 Explanation
6
' 8 This patient has hemophilia A, an X-linked recessive disarder characterized by easy bruising and excessive bleeding due to a deficiency in
: - coagulation factor VIl The disorder can be caused by a variety of different mutations in the factor VIl gene, including deletions in the enhancer
2 sequence.
« 10
11 In eukaryotic gene transcription, nuclear RNA polymerase |l uses a DNA template to generate complementary mRNA, which is then processed
. 12 and translated into protein. Eukaryotic genes have associated promoter and enhancer sequences that mediate transcription. Promoter
. i sequences directly bind general transcription factors and RNA polymerase Il upstream from the gene locus, which is necessary for the initiation of
G franscription (Choices C and E). There are 2 types of eukaryotic promoter regions: the TATA, or Hogness, box, which is located approximately 25
. if bases upstream from the gene being transcribed; and the CAAT box, which is 70-80 bases upstream from the gene.
16 In contrast to promoters, enhancer sequences bind activator proteins that facilitate bending of DNA. DNA bending allows activator proteins to
. i7 interact with general transcription factors and RNA polymerase [l at the promoter, increasing the rate of transcription (Choice D). Enhancers
. 18 can be located upstream or downstream from the gene being transcribed and may be near the gene or thousands of base pairs away (Choice
. 19 B). They have also been identified both within introns of the gene being transcribed as well as on separate chromosomes. Silencers are similar
. 20 to enhancers, but they decrease transcription rates by binding repressor proteins.
21 Educational objective:
i@ 2 Enhancers and silencers may be located upstream, downstream, or within a transcribed gene; these gene sequences function to increase and
23 decrease the rate of transcription, respectively. In contrast, promoter regions are typically located 25 or 75 bases upstream from their associated
. 24 genes and function to initiate transcription.
. 25
26 References
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A 1-day-old infant in the newborn nursery is found to have a harsh, holosystolic murmur on physical examination. The neonate was born at 29
weeks gestation to a 36-year-old woman who opted to defer prenatal screening. Review of medical records shows no family history of genetic or
chromosomal disorders. The infant's vital signs are appropriate for his age. The rest of the physical examination shows a flat facial profile,
pretruding tongue, and small ears. Which of the following mast likely occurred prior to conception?
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() A. Chromosomal deletion

. 10 ) B. Chromosomal translocation

11 P e

) G. Gene inactivation

- 12 =
. 13 ) D. Meiotic nondisjunction
. 14 ") E. Trinucleotide repeat expansion
. 15 i

16
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A 1-day-old infant in the newborn nursery is found to have a harsh, holosystolic murmur on physical examination. The neonate was born at 29

weeks gestation to a 36-year-old woman who opted to defer prenatal screening. Review of medical records shows no family history of genetic or
chromosomal disorders. The infant's vital signs are appropriate for his age. The rest of the physical examination shows a flat facial profile,

pretruding tongue, and small ears. Which of the following mast likely occurred prior to conception?

Chromosomal deletion [5%]

Chromosamal translocation [5%]

A
B
C. Gene inactivation [1%)]
D Meiotic nondisjunction [84%]
E

Trinucleotide repeat expansion [3%]

Omitted

: S ||| 64% 4 Seconds 09/26/20186
B[’"Eﬁ ALy Answered correctly Time Spent Last Updated
Explanation

Nondisjunction in meiosis
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Nondisjunction in meiosis

5K A

Meiosis |
Nondisjunction Normal
‘ | Meiosis Il | ‘
MNormal Normal MNarmal Mondisjunction
24 24 22 22 23 23 24 22
©UWorld Number of chromosomes in gametes

During normal meiosis, homologous chromosomes separate to pass on individual chromatids to daughter cells. In meiotic nondisjunction, the
chromosomes fail to separate, allowing one or more daughter cells to pass on with an extra copy of a chromosome. Increasing maternal age,
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a8 ©UWorld Mumber of chromosomes in gametes
. 7
= During normal meiosis, homologous chromosomes separate to pass on individual chromatids to daughter cells. In meiotic nondisjunction, the
g chromosomes fail to separate, allowing one or more daughter cells to pass on with an extra copy of a chromosome. Increasing maternal age,
6 particularly age =35, is associated with an elevated risk of nondisjunction that is likely due to cumulative oxidative stress, depletion of available
i mature oocytes, and shortening of cocyte telomeres. From highest to lowest prevalence, the most common consequences of maternal
5 nondisjunction are trisomies 21 (Down syndrome), 18 (Edwards syndrome), and 13 (Patau syndrome).
o 13 Less than 5% of Down syndrome cases are caused by a Robertsonian translocation (Choice B), which results from a break near the
. 14 centromeres of 2 chromosomes (eg, chromosomes 14 and 21) and subseqguent transfer of genetic material between these chromosomes. This
.15 translocation results in 46 chromosomes in the fetus with 3 effective copies of chromosome 21.
16 Classic features of Down syndrome include a flat facial profile, epicanthal folds, upslanting palpebral fissures, protruding tongue, and small ears.
« 17 Congenital heart defects (eg, complete atrioventricular defect, ventricular or atrial septal defect) are seen in 50% of patients.
. 18
5 (Choice A) Chromosomal deletions are associated with cri-du-chat syndrome (5p deletion), DiGeorge syndrome (2211 microdeletion), and
’ Prader-Willi syndrome (159 deletion). Deletions are not associated with increased maternal age.
« 20
71 (Choice C) Imprinting is the selective inactivation of a maternal or paternal allele. When a selectively expressed allele is abnormal (eg, gene
. 22 deletion), conditions such as Prader-Willi syndrome (maternal inactivation/paternal deletion) or Angelman syndrome (paternal
23 inactivation/maternal deletion) can result.
24 (Choice E) Trinucleotide repeat expansions within DNA can dysregulate protein production, causing disorders such as Huntington disease,
« 25 myotonic dystrophy, and fragile X syndrome.
26
Educational objective:
. 27 . D i : : : ;
Down syndrome is most commonly caused by maternal meiotic nondisjunction, a process by which the fetus receives 3 full copies of chromosome
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i Less than 5% of Down syndrome cases are caused by a Robertsonian translocation (Cheoice B), which results from a break near the
5 centromeres of 2 chromosomes (eg, chromosomes 14 and 21) and subsequent transfer of genetic material between these chromosomes. This
z translocation resulis in 46 chromosomes in the fetus with 3 effective copies of chromosome 21
i 7 Classic features of Down syndrome include a flat facial profile, epicanthal folds, upslanting palpebral fissures, protruding tongue, and small ears.
. 8 Congenital heart defects (eg, complete atrioventricular defect, ventricular or atrial septal defect) are seen in 50% of patients.
i (Choice A) Chromosomal deletions are associated with cri-du-chat syndrome (5p deletion), DiGeorge syndrome (2211 microdeletion), and
4 Prader-Willi syndrome (15q deletion). Deletions are not associated with increased maternal age.
11
12 (Choice C) Imprinting is the selective inactivation of a maternal or paternal allele. When a selectively expressed allele is abnormal (eg, gene
ik deletion), conditions such as Prader-Willi syndrome (maternal inactivation/paternal deletion) or Angelman syndrome (paternal
55 inactivation/maternal deletion) can result.
T (Choice E) Trinucleotide repeat expansions within DNA can dysregulate protein production, causing disorders such as Huntington disease,
16 myotonic dystrophy, and fragile X syndrome.
“ B Educational objective:
G Down syndrome is most commaonly caused by maternal meiotic nondisjunction, a process by which the fetus receives 3 full copies of chromosome
. 190 21. Dysmorphic features (eq, flat facial profile, protruding tongue, small ears, upslanting palpebral fissures) and cardiac defects (eg, endocardial
« 20 cushion defects) are characteristic.
21
i 2
References
23
. 24 « haternal age and risk for trisomy 21 assessed by the origin of chromosome nondisjunction: a report from the Atlanta and National Down
. 325 Syndrome Projects.
26 » Risk factors for nondisjunction of trisomy 21.
. 27
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A 26-year-old woman is being evaluated for a possible inherited disorder. She has a 6-year history of generalized tonic-clonic seizures, and a
year ago, she had partial loss of vision due to an occipital infarction. Her mother has chronic intermitient muscle weakness and lactic acidosis,
and her maternal uncle has hemiplegia. Skeletal muscle biopsy of the patient shows ragged-appearing muscle fibers. After further evaluation, all
the affected family members are found to suffer from the same inherited disease. Pedigree analysis is shown in the image below.
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Which of the following is the maost likely explanation for the vanability of clinical manifestations in the affected family members?
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Which of the following is the maost likely explanation for the vanability of clinical manifestations in the affected family members?
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Which of the following is the maost likely explanation for the vanability of clinical manifestations in the affected family members?
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The neuromuscular lesions, ragged skeletal muscle fibers, and lactic acidosis in these family members suggest mitochondrial
encephalomyopathy. IMitochondrial disorders follow a maternal inheritance pattern because an embryo's mitochondria are inherited from the
avum only.

Mitochondria are responsible for ATP production via oxidative phosphorylation, which is why mitochondrial defects tend to cause lactic acidosis
and primarily affect tissues with the highest metabolic rates (eg, neural tissue, muscular tissue). Although many mitochondrial proteins are coded
for in the nuclear genome, mitochondria also contain their own genome, which is vulnerable to mutations. Each cell has hundreds of
mitochondria, and defects in their genome may occur in any number of the mitochondria within the cell. Heteroplasmy describes the condition of
having different mitochondrial genomes within a single cell. The severity of mitochondrial diseases is often directly related to the proportion of
abnormal to normal mitochondria within a patient's cells.

(Choice A) Anticipation refers to increased severity or earlier anset of an inherited disease in successive generations. It is commonly seen in
autosomal and X-linked trinucleotide repeat disorders due to trinuclectide amplification during gametogenesis.

(Choice C) Penetrance is the probability that a person with a given genctype will express its associated phenotype. If all individuals with a given
gene express its phenotype, that gene is said to have complete penetrance.

(Choice D) Mosaicism refers to the presence of 2 or maore cell lines, each with a unique nuclear genome, within the same individual. While
patients with combined somatic and germline mosaicism can demonstrate disease traits and also pass the disease on to their offspring, mosaicism
would not explain the pattern of female-only transmission.

(Choice E) Uniparental disomy accurs when both members of a chromosomal pair are inherited from one parent, which can cause problems due
to genomic imprinting. For instance, although most often due to chromosomal deletions, uniparental disomy can also cause Prader-Willi and
Angelman syndromes due fo loss of expression of maternal/paternal imprinted components of a critical region of chromosome 15.
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s X having different mitochondrial genomes within a single cell. The severity of mitochondnal diseases is often directly related to the proportion of *
4 abnormal to normal mitochondria within a patient's cells.
i 8§
= (Choice A) Anticipation refers to increased severity or earlier anset of an inherited disease in successive generations. It is commonly seen in
? autosomal and X-linked trinucleotide repeat disorders due to trinuclectide amplification during gametogenesis.
. 8 (Choice C) Penetrance is the probability that a person with a given genotype will express its associated phenotype. If all individuals with a given
e gene express its phenotype, that gene is said to have complete penetrance.
S (Choice D) Mosaicism refers to the presence of 2 or more cell lines, each with a unique nuclear genome, within the same individual. While
1 patients with combined somatic and germline mosaicism can demonstrate disease traits and also pass the disease on to their offspring, mosaicism
- 12 would not explain the pattern of female-only transmission.
. 13
5 (Choice E) Uniparental disomy occurs when both members of a chromosomal pair are inherited from one parent, which can cause problems due
i to genomic imprinting. For instance, although most often due to chromosomal deletions, uniparental disomy can also cause Prader-Willi and
SE Angelman syndromes due to loss of expression of maternal/paternal imprinted components of a critical region of chromosome 15.
o 17 Educational objective:
. 18 The presence of lactic acidosis and ragged skeletal muscle fibers histologically suggests a mitochondrial myopathy  Variable clinical expressions
. 19 in affected family members can occur due to heteroplasmy, which is the coexistence of distinct versions of mitochondrial genomes in an individual
. 20 cell.
21
. 22 References
23 ; ; ; : ; . ;
= Epigenetics, epidemiology and mitochondrial DNA diseases.
. 24
. 325 = Mitochondrial disease in childhood: mtDNA encoded.
26 . : -
Copyright © L'World. All rights reserved
. 27
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The following vignette applies to the next 2 items. The items in the set must be answered in sequential order Once you click Proceed to Next
Item, you will not be able to add or change an answer.

A 16-year-old girl with a history of anemia since childhood is evaluated for 2 genetic abnormality after several members of her family are also
found to be anemic. Itis determined that she has a point mutation in the B globin gene, which has resulted in the substitution of guanine (G) with
cytosine (C) in the mRNA sequence shown below.

Item 1 of 2

Which of the following cellular processes is most likely impaired due to this patient's gene mutation?

Co-translational protein targeting to endoplasmic reticulum

!
e

Initiation of translation

f
L

Ribosomal translocation during polypeptide elongation
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) A
) B.
) C. Peptide bond formation
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Termination of polypeptide synthesis
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5---GCCGCCGBCCAUGGUGCGCUUCCAC --- 3

Patient’s mRNA: §'---GCCGCCCCCAUGGUGCGCUUCCAC --- &
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The following vignette applies to the next 2 items. The items in the set must be answered in sequential order Once you click Proceed to Next
Item, you will not be able to add or change an answer.

A 16-year-old girl with a history of anemia since childhood is evaluated for 2 genetic abnormality after several members of her family are also
found to be anemic. Itis determined that she has a point mutation in the B globin gene, which has resulted in the substitution of guanine (G) with
cytosine (C) in the mRNA sequence shown below.

Item 1 of 2

Which of the following cellular processes is most likely impaired due to this patient's gene mutation?

Co-translational protein targeting to endoplasmic reticulum
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Initiation of translation
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Ribosomal translocation during polypeptide elongation
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The following vignette applies to the next 2 items. The items in the set must be answered in sequential order Once you click Proceed to Next
Item, you will not be able to add or change an answer.

A 16-year-old girl with a history of anemia since childhood is evaluated for 2 genetic abnormality after several members of her family are also
found to be anemic. Itis determined that she has a point mutation in the B globin gene, which has resulted in the substitution of guanine (G) with
cytosine (C) in the mRNA sequence shown below.

Item 1 of 2

Which of the following cellular processes is most likely impaired due to this patient's gene mutation?

A Co-translational profein targeting to endoplasmic reticulum [20%]
v B. Initiation of translation [45%]

C. Peptide bond formation [15%]

D Ribosomal translocation during polypeptide eloangation [12%]

E. Termination of polypeptide synthesis [5%]

it o
(R 1{ 8]

5 s ||| 45% 3 Seconds 08/M15/2018
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Explanation

This patient likely has p thalassemia due to an inherited B globin gene mutation in the Kozak sequence, a consensus sequence that helps start
franslation in eukaryotes. Eukaryotic translation initiation requires the assembly of ribosomal subunits (605 and 405), mRNA, initiation factors,
initiator tRNA charged with methionine, and guanosine-5'-triphosphate (GTP). The small ribosomal subunit (405) initially binds to the 5' cap of
mRMNA and scans for the methionine start codon (AUG). When this start codon is positioned near the beginning of an mRNA molecule and is
surrounded by the Kozak consensus sequence, it serves as the initiator of translation.

The Kozak consensus sequence is analogous to the Shine-Dalgarno sequence in Escherichia coli. 1t is defined by the following sequence:
(gce)geccRecAUGEG, in which R is either adenine (A) or guanine (G). Among other factors, a purine (A or G) positioned 3 bases upstream from
AUG appears to play a key role in this initiation process.

(Choice A) Co-franslational protein targeting is mediated by the N-terminal amino acid sequence of an elongating polypeptide. This signal
sequence is recognized by a signal recognition particle, which helps transport the protein to the rough endoplasmic reticulum.

(Choice C) Peptide bond formation is catalyzed by peptidyl transferase, an RNA enzyme ("ribozyme") that resides in the large ribosomal subunit.
A defect in rRNA coding for ribosomes would be required to interfere with this process.

(Choice D) During polypeptide elongation, the ribosome moves 3 nucleotides toward the 3' end of mMRNA advancing peptidyl tRNA from the A
site to the P site (translocation). Translocation is catalyzed by elongation factor 2 and requires GTP hydrolysis.

(Choice E) Termination of polypeptide synthesis occurs at stop codons. Mutations in stop codons (nonstop mutations) can result in continued
and inappropriate translation of mRNA into the 3'-untranslated region, producing an extremely long, nonfunctional polypeptide.

Educational objective:
The Kozak consensus sequence occurs on eukaryotic mENA and is defined by the following sequence: (gec)goccRecAUGG, in which R is either
adenine or guanine. This sequence helps initiate translation at the methionine start codon (AUG).
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L translation in eukaryotes. Eukaryotic translation initiation requires the assembly of ribosomal subunits (805 and 405), mRNA, initiation factors,
L initiator tRNA charged with methionine, and guanosine-5'-triphosphate (GTP). The small ribosomal subunit (405) initially binds to the 5' cap of
16 mRMNA and scans for the methionine start codon (AUG). When this start codon is positioned near the beginning of an mRNA molecule and is
17 surrounded by the Kozak consensus sequence, it serves as the initiator of translation.
18
G The Kozak consensus sequence is analogous to the Shine-Dalgarno sequence in Escherichia coll. 1t is defined by the following sequence:
;0 (gee)accRecAUGEG, inwhich R s either adenine (A) or guanine (G). Among other factors, a purine (A or 3) positioned 3 bases upstream from
AUG appears 1o play a key role in this initiation process.
21
37 (Choice A) Co-translational protein targeting is mediated by the N-terminal amino acid sequence of an elongating polypeptide. This signal
23 sequence is recognized by a signal recognition particle, which helps transport the protein to the rough endoplasmic reticulum.
24 (Choice C) Peptide bond formation is catalyzed by peptidyl transferase, an RNA enzyme ('ribozyme") that resides in the large ribosomal subunit.
25 A defect in rRMA coding for ribosomes would be required to interfere with this process.
26
55 (Choice D) During polypeptide elongation, the ribosome moves 3 nucleotides toward the 3' end of mRNA, advancing peptidyl tRNA from the A
site to the P site (translocation). Translocation is catalyzed by elongation factor 2 and requires GTP hydrolysis.
28
20 (Choice E) Termination of polypeptide synthesis occurs at stop codons. Mutations in stop codons (nonstop mutations) can result in continued
E and inappropriate translation of mRENA inte the 3'-untranslated region, producing an extremely long, nonfunctional polypeptide.
Educational objective:
a2 The Kozak consensus sequence occurs on eukaryotic mRNA and is defined by the following sequence: (gcc)gecRecAUGG, in which R is either
13 adenine or guanine. This sequence helps initiate translation at the methionine start codon (AUG).
34
i References
36
35 = Diversity of preferred nuclectide sequences around the translation initiation codon in eukaryote genomes.
= Beta+45 G --> C: a novel silent beta-thalassaemia mutation, the first in the Kozak sequence.
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Item 2 of 2

The patient's genetic defect has resulted in decreased B globin chain synthesis. Which of the following is maost likely to be seen on laboratary

testing?
A Hyperchromia [3%]
B. Iron deficiency [4%]
v C. Microcytosis [78%]
D. Red blood cell sickling [8%]
E. Spherocytosis [4%]

ki d _ |“ 78% 4 Seconds 09/13/2018
gor.ec’[ answer Answered correcily Time Spent Last Updated
Explanation

Patients with B thalassemia have decreased B globin chain synthesis, which causes hypochromic, microcytic anemia (mean corpuscular
volume <80 um?). Reduced B globin synthesis also results in the precipitation of unpaired o chains within red cells, causing membrane
damage. This subsequently leads to the death of red cell precursors in the bone marrow (ineffective erythropoiesis) and lysis of circulating
erythrocytes (extravascular hemolysis).
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Question Id: 2087

Explanation

Patients with B thalassemia have decreased B globin chain synthesis, which causes hypochromic, microcytic anemia (mean corpuscular
volume <80 um®). Reduced B globin synthesis also results in the precipitation of unpaired a chains within red cells, causing membrane
damage. This subsequently leads to the death of red cell precursors in the bone marrow (ineffective erythropoiesis) and lysis of circulating
erythrocytes (extravascular hemalysis).

Normal erythrocytes have an area of central pallor that typically measures 1/3 of the cell diameter. Patients with B thalassemia classically have
blood smears showing small red cells with an increased area of central pallor, as seen in the image above. Other common findings include
anisopoikilocytosis (varation in size and shape), target cells (green arrows [see hyperlink]), teardrop cells (blue arrows), nucleated red cell
precursors (orange arrows), and basophilic stippling.

(Choices A and E) Hyperchromia is characterized by reduced central pallor due to increased hemoglobin concentration and is usually associated
with spherocytosis. Spherocytosis is caused by a vanety of molecular defects in the genes that encode certain red cell membrane proteins (eg,
spectrin, ankyrin, band 3, protein 4.2).

(Choice B) Iron deficiency often leads to hypochromic, microcytic anemia but is most commonly caused by chronic, asymptomatic bleeding (eg,
slow gastrointestinal bleed, abnormal menstruation).

(Choice D) Red blood cell sickling occurs in sickle cell anemia, which is caused by an A to T mutation in the B globin gene that resulis in
glutamate being substituted with valine at position 6.

Educational objective:
B thalassemia results in hypochromic, microcytic anemia due to decreased 3 globin chain synthesis. Unpaired o chains precipitate within red cells
and cause membrane damage, leading to ineffective erythropoiesis and extravascular hemolysis.
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Explanation

Patients with B thalassemia have decreased B globin chain synthesis, which causes hypochromic, microcytic anemia (mean corpuscular
volume <80 um?). Reduced B globin synthesis also results in the precipitation of unpaired a chains within red cells, causing membrane
damage. This subsequently leads to the death of red cell precursors in the bone marrow (ineffective erythropoiesis) and lysis of circulating
erythrocytes (extravascular hemalysis).

Normal erythrocytes have an area of central pallor that typically measures 1/3 of the cell diameter. Patients with B thalassemia classically have
blood smears showing small red cells with an increased area of central pallor, as seen in the image above. Other common findings include
anisopoikilocytosis (variation in size and shape), target cells (green arrows [see hyperlink]), teardrop cells (blue arrows), nucleated red cell
precursors (orange arrows), and basophilic stippling.

(Choices A and E) Hyperchromia is characterized by reduced central pallor due to increased hemoglobin concentration and is usually associated
with spherocytosis. Spherocytosis is caused by a varety of molecular defects in the genes that encode certain red cell membrane proteins (eg,
spectrin, ankyrin, band 3, protein 4.2).

(Choice B) Iran deficiency often leads to hypochromic, microcytic anemia but is most commaonly caused by chronic, asymptomatic bleeding (eg,
slow gastrointestinal bleed, abnormal menstruation).

(Choice D) Red blood cell sickling occurs in sickle cell anemia, which is caused by an A to T mutation in the B globin gene that resulis in
glutamate being substituted with valine at position 6.

Educational objective:
[ thalassemia results in hypochromic, microcytic anemia due to decreased B globin chain synthesis. Unpaired a chains precipitate within red cells
and cause membrane damage. leading to ineffective erythropoiesis and extravascular hemolysis.
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15 A pharmaceutical researcher develops a therapy to tfreat a protein misfolding disorder. Specifically, a mutation in this disorder leads to abnormal

16 protein folding and subsequent intracellular degradation of the protein before it can reach the cell membrane. With the new combination drug

T therapy, the first drug corrects the processing and trafficking of the protein, enabling it to reach the cell surface membrane. Once the protein has

5 reached the cell surface, its function is enhanced by the second drug. This therapy is most likely to be helpful in which of the following conditions?
. 19 ¥, . :

A Alzheimer disease

. 20 -
. 21 ) B. Creutzfeldt-Jakob disease

22 () C. Cystic fibrosis
. 23 .

D Phenylketonuria

. 24 —
v 25 ‘ E. Sickle cell anemia
.« 26

27
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15 A pharmaceutical researcher develops a therapy to tfreat a protein misfolding disorder. Specifically, a mutation in this disorder leads to abnormal
16 protein folding and subsequent intracellular degradation of the protein before it can reach the cell membrane. With the new combination drug
T therapy, the first drug corrects the processing and trafficking of the protein, enabling it to reach the cell surface membrane. Once the protein has
5 reached the cell surface, its function is enhanced by the second drug. This therapy is most likely to be helpful in which of the following conditions?
= 19 A Alizheimer disease [8%]
.20
. 91 B. Creutzfeldt-Jakob disease [9%]
22 v C. Cystic fibrosis [T8%]
. 23
o D.  Phenylketonuria [19%]
« 25 E.  Sickle cell anemia [1%]
.« 26
27
. 28
S ||| 8% 4 Seconds 10192018
ED"EH ALy Answered comecily Time Spent Last Updated
Explanation
.« 34
. 35 Cystic fibrosis (CF) is caused by mutations in the cystic fibrosis transmembrane regulator (CFTR) protein. AF508 is the most common CFTR
. 36 gene mutation in patients with CF. This deletion causes abnormal protein folding and failure of glycosylation. The CFTR protein is then
37 targeted for degradation by the proteasome before reaching the cell surface, causing an almost complete absence from the apical membrane
18 of exocrine ductal epithelial cells. The rare CFTR proteins that do reach the cell membrane are abnormal, as the AF508 mutation also reduces .
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1 Cystic fibrosis (CF) is caused by mutations in the cystic fibrosis transmembrane regulator (CFTR) protein. AF508 is the most common CFTR

= gene mutation in patients with CF. This deletion causes abnormal protein folding and failure of glycosylation. The CFTR protein is then

L targeted for degradation by the proteasome before reaching the cell surface, causing an almost complete absence from the apical membrane
I of exocrine ductal epithelial cells. The rare CFTR proteins that do reach the cell membrane are abnormal, as the AF508 mutation also reduces

= channel opening.

19

s Lumacaftor and ivacaftor are CFTR-modulating medications that can potentially help patients with CF by restoring CFTR proteins to the

5 membrane and also by enhancing protein function (eg, chloride transport) at the membrane, respectively. The combination of these 2 medications
e in patients with homozygous AF508 mutations has been shown to improve predicted forced expiratory volume (FEV) and decrease rates of

= pulmonary exacerbations.

24 (Choice A) Polymorphisms in apolipoprotein E (APCE) are common in patients with Alzheimer disease (AD). The polymorphism leads to a

75 conformational protein change that alters lipid binding, inhibits neurite growth, and leads to accumulation of amyloid-3, a peptide that aggregates
76 in the brain in patients with AD. APOE is not a target of degradation or a transmembrane protein.

27 (Choice B) Creutzfeldt-Jakob disease is a neurodegenerative disease caused by prions. which are contagious pathogens comprised of small,

28 misfolded proteins that induce abnormal folding of normal proteins. Aggregates of misfolded proteins are difficult to degrade and result in

apoptosis and neurcnal loss.

(Choice D) Phenylketonuria results from mutations in the hepatocyte enzyme phenylalanine hydroxylase. This enzyme is not narmally
transpaorted to the cell surface.

(Choice E) Sickle cell anemia results from mutations in the B-globin gene, leading to production of hemoglobin S, which can polymerize in states

of low oxygen content. Hemoglobin S is not a transmembrane protein.

34

35 Educational objective:

36 AF508 is the most common mutation in the cystic fibrosis transmembrane regulator (CFTR) protein in patients with cystic fibrosis. This mutation
37 leads to protein misfolding and failure of glycosylation, followed by proteasome-mediated degradation and significantly decreased number of

transmembrane CFTR proteins.
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15 A 14-year-old girl is brought to the office for a routine physical examination. The patient will be starting her freshman year of high school soon.
16 She plays the clarinet in the school band but does not play any sports. The patient says that she is not sexually active and does not use tobacco,
T alcohol, or illicit drugs. Height is at the 5th percentile, and weight is at the 25th percentile. Her temperature is 36.7 C (98 F}, blood pressure is
5 120/80 mm Hg, pulse is 88/min, and respirations are 16/min. Physical examination shows a short and thick neck, a broad chest, and shortened
G fourth metacarpals bilaterally. A murmur is heard on cardiac auscultation. Which of the following would most likely be seen in an
' echocardiogram?
.20
- A Atrial septal defect
22 =
23 ( B. Bicuspid aortic valve
. 24 _ C. Mitral stenosis
" 23 gy A
() D Witral valve prolapse
.« 26
27 E. Patent ductus arteriosus
£ F. Ventricular septal defect
29 B
- (30
= | submit |
. 3z
.« 34
. 35
« 36
37
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15 A 14-year-old girl is brought to the office for a routine physical examination. The patient will be starting her freshman year of high school soon.
16 She plays the clarinet in the school band but does not play any sports. The patient says that she is not sexually active and does not use tobacco,
T alcohol, or illicit drugs. Height is at the 5th percentile, and weight is at the 25th percentile. Her temperature is 36.7 C (98 F}, blood pressure is
5 120/80 mm Hg, pulse is 88/min, and respirations are 16/min. Physical examination shows a short and thick neck, a broad chest, and shortened
G fourth metacarpals bilaterally. A murmur is heard on cardiac auscultation. Which of the following would most likely be seen in an
' echocardiogram?
.20
= & A. Atrial septal defect [5%]
22
23 v B. Bicuspid aortic valve [76%]
. 24 C. Mitral stenosis [1%]
. 25
o D.  Mitral valve prolapse [4%]
27 E. Patent ductus arteriosus [7%]
s F.  Ventricular septal defect [5%]
29
- (30
31
T D, I\ 76% 3 Seconds 1011212018
“ ;orrect SERCL Answered comecily Time Spent Last Updated
.« 34
. 35
o as Explanation
37
patient's short stature_short and thick neck broad chest _and shortened fourth metacarpals are characteristic of Tumer syndrome
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L Explanation
« 16
17
R This patient's short stature, short and thick neck, broad chest, and shortened fourth metacarpals are characteristic of Tumer syndrome (TS).
: i Bicuspid aortic valve is the most common congenital cardiac malformation in patients with TS, It is usually an isolated abnormality; however, it
R may occur in combination with other anomalies, particularly aortic coarctation. A nenstenoctic bicuspid aortic valve manifests with an aortic ejection
.20 i 2 : : ; : : 5
sound, which is an early systolic, high-frequency click heard over the right second interspace. As the valve calcifies, it may result in
= EI progressive valvular dysfunction, manifesting with aoriic stenosis or regurgitation and associated murmurs. Patients with a bicuspid aortic valve
2 are susceptible to infectious endocarditis due to abnormal leaflet structure and turbulent flow.
. 23
. 4 (Choices A and F) Complete atrioventricular canal, atrial septal defect (ASD), and ventrnicular septal defect (VSD) are the most common
G cardiac anomalies in Down syndrome. Fixed splitting of the second heart sound is characteristically heard with an ASD. whereas VSDs produce a
5 holosystolic murmur at the left lower sternal border.
27 (Choice C) Mitral stenosis is seen in rheumatic heart disease. It produces a mid-diastolic, low-pitched, rumbling murmur that may begin with an
. 28 opening snap.
3 (Choice D) A mid-systalic click, often accompanied by a late systolic murmur, is the hallmark of mitral valve prolapse (MVYP). MVP is more
a0 common in connective tissue disorders such as Marfan and Ehlers-Danlos syndromes.
31
= (Choice E) Patent ductus arteriosus (PDA) produces a continuous, machinelike murmur during both systole and diastole. PDA is common in
“ premature infants, especially those with respiratory distress syndrome. A PDA may also be seen in an infant with coarctation of the aorta but is
o5 less likely in older patients.
. 35 Educational objective:
o as Turmer syndrome is associated with congenital anomalies of the aorta, and the most commen defect is a bicuspid aortic valve. A nonstenotic
a7 bicuspid acriic valve can manifest as an early systolic, high-frequency click over the right second interspace. Bicuspid aortic valves are at nisk for
. s stenosis, insufficiency, and infection. -
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15 In an experniment, cultured fibroblasts are mechanically lysed, and the membrane lipids and cellular proteins are chemically removed to isolate
. 16 nucleic acids. The cellular extract containing the purified nucleic acids is incubated along with short sequences of repeated deoxythymidine
T residues fixed to latex beads. The solution is washed several times to remove unbound molecules. Which of the following types of nucleic acid is
G most likely to bind the strongest to the latex beads in this experiment?
= 19 :j_:": A Aminoacyl-tRNA
.20 ~
. 91 B. Mature mENA
22 ’ : C. Promoter regions of DNA
. 23
W E (_) D. Ribosomal RNA
. 25 :‘ E. Splice sites of pre-mRNA
: j: _ F.  Telomere regions of chromosomes
. 28
29
31
32
. 33
E
. 35
« 36
37
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15 In an experniment, cultured fibroblasts are mechanically lysed, and the membrane lipids and cellular proteins are chemically removed to isolate
16 nucleic acids. The cellular extract containing the purified nucleic acids is incubated along with short sequences of repeated deoxythymidine
T residues fixed to latex beads. The solution is washed several times to remove unbound molecules. Which of the following types of nucleic acid is
5 most likely to bind the strongest to the latex beads in this experiment?
= 19 A Aminoacyl-tRNA [13%]
.20
. 91 v B. Mature mRENA [28%]
22 C. Promoter regions of DNA [28%]
. 23
0 D. Ribosomal RNA [7%]
« 25 E.  Splice sites of pre-mRNA [5%]
.« 26 :
F. Telomere regions of chromosomes [15%]
27
. 28
29
- |30 el S0 | 28% 3 Seconds 09/09/2018
31 gorrect SEReR Answered comrecily Time Spent Last Updated
32
. 33
“ Explanation
. 35
- 36 In the expenment described above, the poly-A tail on mature mRNA is most likely to bind the latex beads because the adenine residues in this tail
37 would form complementary base pairs with the repeated deoxythymine residues fixed {o the beads.
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14

15

16 Explanation

17

18 In the experiment described above, the poly-A tail on mature mRNA is most likely to bind the latex beads because the adenine residues in this tail

19 would form complementary base pairs with the repeated deoxythymine residues fixed to the beads.

2 Mature mRNA refers to mRNA that has been processed and is ready for nuclear export and translation into protein. mRNA processing (post-

ZL transcriptional modification) involves the following steps:

22

23 1. 5' capping: A 7-methyl-guanosine cap is added to the &' end of the mRNA.

24 2. Polyadenylation: A poly-A tail (chain of adenine residues) is added to most eukaryotic mRNA molecules by poly-A polymerase. Poly-A tails

25 are not transcribed from the DNA template. Instead, a consensus sequence (AAUAAA) located near the 3' end of the RNA molecule

26 directs the addition of the poly-A tail. This tail protects the mRNA from degradation within the cytoplasm after it exits the nucleus.

27 3. Splicing: The initial mMRNA transcript (pre-mRNA) contains seqguences from coding and noncoding regions of DNA, known as exons and

= introns, respectively. Spliceosomes (complexes of small nuclear ribonuclecproteins [snRMPs] and other proteins) remove introns containing

3 GU at the &' splice site and AG at the 3' splice site (Choice E).

30

i (Choice A) Aminoacyl-iRNA is tRNA charged with its amino acid. The cloverleaf structure of tRNA consists of a 3' CCA tail (amino acid binding

= site). a T loop abundant in ribothymidine, pseudouridine, and cytidine residues; a D loop rich in dihydrouridine residues: and an anticodon loop.

33 (Choice C) DNA promoter regions help initiate transcription by binding transcription factors and RNA polymerase |l. Promoter regions contain
“ consensus sequences that are typically AT-rich (eg, TATA and CAAT boxes) or GC-rich (eg, GC box).

g (Choice D) Ribosomal RMA (rRNA) is a component of the ribosome that catalyzes peptide bond formation during translation.

36

35 (Choice F) Telomeres are located at the ends of chromosomes and contain TTAGGG repeats, which are added by the enzyme telomerase (RNA-

= dependent DNA polymerase). Critical shortening in telomere length is thought to signal programmed cell death. .
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2. Polyadenylation: A poly-A tail (chain of adenine residues) is added to most eukaryotic mEMNA molecules by poly-A polymerase. Poly-A tails
are not transcribed from the DNA template. Instead, a consensus sequence (AAUAAA) located near the 3" end of the RNA molecule
directs the addition of the poly-A tail. This tail protects the mRENA from degradation within the cytoplasm after it exits the nucleus.

3. Splicing: The initial mRNA transcript (pre-mRNA) contains sequences from coding and noncoding regions of DNA, known as exons and
introns, respectively. Spliceosomes (complexes of small nuclear ribonucleoproteins [snRMNPs] and other proteins) remove introns containing
GU at the &' splice site and AG at the 3' splice site (Choice E).

(Choice A) Aminoacyl-iRNA is tRNA charged with its amino acid. The cloverleaf structure of {RNA consists of a 3' CCA tail (amino acid binding
site). a T loop abundant in ribothymidine, pseudouridine, and cytidine residues; a D loop rich in dihydrouridine residues; and an anticodon loop.

(Choice C) DNA promoter regions help initiate transcription by binding transcription factors and RMNA polymerase |l Promoter regions contain
consensus sequences that are typically AT-rich (eg, TATA and CAAT boxes) or GC-rich (eg, GC box).

(Choice D) Ribosomal RNA (rRNA) is a component of the ribosome that catalyzes peptide bond formation during translation.

(Choice F) Telomeres are located at the ends of chromosomes and contain TTAGGG repeats, which are added by the enzyme telomerase (RMNA-
dependent DNA polymerase) Critical shortening in telomere length is thought to signal programmed cell death.

Educational objective:

The poly-A tail is not transcribed from DNA; instead, it is added as a post-transcriptional modification downstream of the consensus sequence
(AAUAAA) located near the 3' end of the mRNA molecule. This tail protects mRNA from degradation within the cytoplasm after it exits the
nucleus.

References

= Ending the message: poly(A) signals then and now.

Copyright © L'World. All rights reserved
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15 A 1-hour-old girl born to a 40-year-old woman is brought to the nursery for evaluation. The pregnancy and delivery were uncomplicated. Physical
. 16 examination shows mid-face hypoplasia with a flat nasal bridge, up-slanting palpebral fissures, a small mouth, and a single palmar crease
T bilaterally. Cardiac auscultation reveals a blowing holosystolic murmur heard best along the sternal border. Which of the following abnormalities is
G most likely to be present in this patient?
= 19 H ) A Aberrant genomic imprinting
.20 ~ N
. 91 = B. Mosaicism
22 () C. Partial deletion
. 23 ~ i .
W E i D Triplet expansion
. 25 :‘ E. Uniparental disomy
.« 26 i
27
29
- (30
31
32
. 33
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A 1-hour-old girl born to a 40-year-old woman is brought to the nursery for evaluation. The pregnancy and delivery were uncomplicated. Physical
examination shows mid-face hypoplasia with a flat nasal bridge, up-slanting palpebral fissures, a small mouth, and a single palmar crease
bilaterally. Cardiac auscultation reveals a blowing holosystolic murmur heard best along the sternal border. Which of the following abnormalities is
most likely to be present in this patient?

A Aberrant genomic imprinting [2%]
v B. Mosaicism [46%]

C. Partial deletion [5%)]

D.  Triplet expansion [12%)]

E. Uniparental disomy [33%]

ymited

Lide ||| A% 5 Seconds 10/13/2018
;U”E'j S Answered coractly Time Spent Last Updated
Explanation

This child has many of the characteristic features of Down syndrome {D5), a condition that results from an increased gene dosage effect due to
an extra copy of chromosome 21. Three cytogenetic abnormalities can lead to DS:

« Meiotic nondisjunction accounts for nearly 95% of DS cases. Failure of homologous chromosomes or sister chromatids to separate
during meiosis can result in the inheritance of 3 copies of chromosome 21 in one daughter cell (trisomy) and 1 copy in the other daughter
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i Explanation
15
. 16
T This child has many of the characteristic features of Down syndrome (D5), a condition that results from an increased gene dosage effect due to
5 an extra copy of chromosome 21. Three cytogenetic abnormalities can lead to DS:
. 190 = Meiotic nondisjunction accounts for nearly 95% of DS cases. Failure of homologous chromosomes or sister chromatids to separate
. 20 during meiosis can result in the inheritance of 3 copies of chromosome 21 in one daughter cell {trisomy) and 1 copy in the other daughter
. 21 cell (monosomy). MNondisjunction during meiosis is almost always of maternal origin.
22 = Unbalanced translocations account for 2%-3% of DS cases. These individuals have 46 chromosaomes, but have extra genetic material
. 23 (consisting of duplicate chromosome 21 genes) attached to one of their chromosomes. Approximately one third of these cases are due to a
. 24 balanced translocation in one parent, which confers a high recurrence risk.
.« 25
o + Mosaicism accounts for =<2% of DS cases. Affected individuals have 2 distinct cell lines as a result of nondisjunction during mitesis:
: 55 one with a normal genotype and one with tnsomy 21. The proportion of affected cells determines the seventy of DS features.
. 7R Of the available answer options, only mosaicism is consistent with a third copy of chromosome 21 existing in at least a portion of the patient's
20 cells.
+ |30 (Choices A and E) Genomic imprinting is a normal process that refers to selective activation of gene expression depending on the parent of
31 arigin. Aberrant imprinting occurs with uniparental disomy, or when a person receives 2 copies of a chromosome from the same parent and no
a2 copy from the other parent. Prader-Willi syndrome and Angelman syndrome (15q) are examples of conditions caused by dysfunctional imprinting
. 33 due to uniparental disomy.
(Choice C) Many genetic syndromes are caused by deletions (loss of genetic material). Cri du chat syndrome (5p deletion) is an example of a
syndrome caused by a partial deletion of chromosome 5.
37 (Choice D) Increased trinucleotide repeats (triplet expansion) on certain genes can lead to silencing of a gene or synthesis of an abnormal gene
18 product. Huntington disease and fragile X syndrome are examples of conditions caused by triplet expansion. .
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. 14 » Unbalanced translocations account for 2%-3% of DS cases. These individuals have 46 chromosomes, but have extra genetic material -
15 (consisting of duplicate chromosome 21 genes) attached to one of their chromosomes. Approximately one third of these cases are due to a
. 16 balanced translocation in one parent, which confers a high recurrence risk.
1 = Mosaicism accounts for =2% of DS cases. Affected individuals have 2 distinct cell lines as a result of nondisjunction during mitosis:
. 18 one with a normal genotype and one with trisomy 21. The proportion of affected cells determines the severity of DS features.
. 19
e Of the available answer options, only mosaicism is consistent with a third copy of chromosome 21 existing in at least a portion of the patient's
cells.
. 21
22 {Choices A and E) Genomic imprinting is a normal process that refers to selective activation of gene expression depending on the parent of
. 23 origin. Aberrant imprinting occurs with uniparental disomy, or when a person receives 2 copies of a chromosome from the same parent and no
. 74 copy from the other parent. Prader-Willi syndrome and Angelman syndrome {15q) are examples of conditions caused by dysfunctional imprinting
. 25 due to uniparental disomy.
+ 26 (Choice C) Many genetic syndromes are caused by deletions (loss of genetic material). Cri du chat syndrome (5p deletion) is an example of a
27 syndrome caused by a partial deletion of chromosome 5.
. 28
= (Choice D) Increased trinuclectide repeats (triplet expansion) on certain genes can lead to silencing of a gene or synthesis of an abnormal gene
product. Hunfington disease and fragile X syndrome are examples of conditions caused by friplet expansion.
- (30
11 Educational objective:
22 Commoaon findings in Down syndrome include cognitive impairment, facial dysmorphism, and cardiac defects; 95% of cases are caused by the
13 presence of an extra chromosome 21 (trisomy) resulting from nondisjunction. Unbalanced Robertsonian translocations or mosaicism are less
COMMON Causes.
References
= « A parent’s guide to the genetics of Down syndrome.
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. 14
% Exhibit Display i E
. 16
= Features of Down syndrome
. 18
19 _- Epicanthic folds

. - Low-set small ears ————— 2 1
- 23 —~h Flat facial profile ’—"'%'/

i A
. 24 ’
8 . Short neck with —&
. 25 g ) excess skin g™
N -
« 26 — tongue

Sandal-toe deformity Hypoplashic
- 28 4 incurved

. 'S8  sth finger
2 el | =
. (30 u -

31 / ; {f

1 =
\
) - |
. 32 . - /
33 _v Single .-" .
. Brushfield
spots

. Upslanting
- 21 ﬂ."/l_’HJI:-arh:-e-r:n'al fissures -
22 ;,_ > i
-
F

palmar crease 1 .

g A
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FE Exhibit Display =
. 16 Nondisjunction in meiosis
« 17
. 18 X x
« 19 A
« 20
.71 Meiosis |
Nondisjunction Marmal

- 22 /\
» 23

®Q_0 @

. 28 Normal Normal Normal Nondisjunction
29 /\ /\ /\ ‘/\
« (30
31
32
. 33
24 24 22 22 23 23 24 22

Number of chromosomes in gametes
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due 10 uniparental disomy.
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15 A 4-year-old boy is brought to the office due to a progressively worsening cough for the past 2 days that is productive of yellow sputum. A year
16 ago, he was found to have bilateral lower-lobe pulmonary infiltrates on chest x-ray and was diagnosed with pneumonia. The patient has since had
T 2 additional episcdes of pneumonia, each requiring antibiotics for improvement of symptoms. His current chest x-ray again reveals bilateral lower
5 lobe infiltrates. Further testing shows a high chloride content in his sweat. Which of the following abnormalities is most likely to be seen in this
atient?
.« 19 R
S =L ) A Abnormal post-translational processing of a transmembrane protein
. 21 _
s ) B. Decreased transcription of a transmembrane protein
- 23 f, C. Defective channel formation by a transmembrane protein
. 24 — .
5 () D. Presence of a truncated transmembrane protein on the cell surface
. 26 ‘ E. Transmembrane protein with increased regulatory response to cAMP and ATP
27
. 28
>
- (30
31
32
. 33
.« 34
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15 A 4-year-old boy is brought to the office due to a progressively worsening cough for the past 2 days that is productive of yellow sputum. A year
16 ago, he was found to have bilateral lower-lobe pulmonary infiltrates on chest x-ray and was diagnosed with pneumonia. The patient has since had
T 2 additional episcdes of pneumonia, each requiring antibiotics for improvement of symptoms. His current chest x-ray again reveals bilateral lower
5 lobe infiltrates. Further testing shows a high chloride content in his sweat. Which of the following abnormalities is most likely to be seen in this
atient?
.« 19 R
. 20 o A Abnormal post-translational processing of a transmembrane protein [44%]
. 21
23 B. Decreased transcription of a transmembrane protein [4%]
» 23 C. Defective channel formation by a transmembrane protein [38%]
. 24
e D. Presence of a truncated transmembrane protein on the cell surface [9%]
« 26 E.  Transmembrane protein with increased regulatary response to cAMP and ATP [2%]
27
. 28
29 L
WET St I 44% 3 Seconds 01/15/2019
Correct answer Answered correcily Time Spent Last Updated
31 A
32
. 33 i
Explanation
.« 34

This patient most likely has cystic fibrosis (CF), an autosomal recessive disease characterized by recurrent sinopulmonary infections,
pancreatic insufficiency, and malabsorption. It is caused by several different mutations that affect the CF transmembrane conductance regulator
(CFTR) gene.
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14
15 This patient most likely has cystic fibrosis (CF), an autosomal recessive disease characterized by recurrent sinopulmonary infections,
16 pancreatic insufficiency, and malabsorption. It is caused by several different mutations that affect the CF transmembrane conductance regulator
17 (CFTR) gene.
18 The most common CFTR gene mutation (found in approximately 70% of cases) is a 3-base pair deletion of phenylalanine at amino acid position
L3 508 (AF508) This mutation causes impaired post-translational processing (eg, improper folding and glycosylation) of CFTR, which is detected
— by the endoplasmic reticulum. As a result, the abnormal protein is targeted for proteasomal degradation, preventing it from reaching the cell
-1 surface. Certain drugs (eg, lumacaftor) can partially correct this folding defect, leading to expression of functional CFTR.
22
o Other, less common, mutations include the following:
24 (Choice B) Decreased production of functionally normal CFTR (eg, reduced messenger RNA or protein stability) often causes a milder form of
25 the disease with normal sweat chloride levels that may not be diagnosed until adulthood.
& (Choice C) Mutations impairing chloride ion conduction through CFTR also result in CE. However, they are less commaon than the AF508
24 mutation, which preduces a functional protein that retains the ability to transport chloride ions.
28
% (Choice D) Mutations causing premature termination of the transmembrane protein (eg, nonsense, frameshift) also lead to a complete absence of
= membrane-bound CFTR as the truncated protein is typically recognized and degraded. These mutations are more common in the Ashkenazi
4 Jewish population.
37 (Choice E) CFTR is an ATP-gated chloride channel activated by cAMP-mediated phosphorylation. Mutations that reduce the ability of the
a3 channel to open can also cause CF. The AF508 mutation, in addition to preventing proper trafficking to the cell surface, also reduces the
24 regulatory effects of ATP and cAMP on channel opening.
Educational objective:
Cystic fibrosis (CF) is most commonly due to a 3-base pair deletion in the CF transmembrane conductance regulator (CFTR) gene at amino acid
position 508 (AF508). This mutation impairs post-translational processing of CFTR, resulting in shunting of CFTR toward the proteasome, with
complete absence of the protein on the cell surface. Elevated sweat chloride concentrations are found in most patients with CF
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15 This patient most likely has cys Ees ey m
« 16 tic insuffici d md lat
pancreatic insufficiency, and m Featimes of cystic Shrosts gulator
17 (CFTR) gene.
. 18 = Autosomal recessive mutation (AS08) impairs CFTR function B
: The most common CFTR gen Hoeh .| « Decreased water content causes thick, viscous mucus: H position
= 19 508 (AF508). This mutation ca OGRS o Chronic airway obstruction detected
ool by the endoplasmic reticulum. e (Gastrointestinal malabsorption Ce|
. 21 7
» surface. Certain drugs (eg, lum - Chionic; productive cough
Other less common. mutatior Clinical = Recurrent sinopulmonary infections (especially Staphylococcus
&8 factati aureus & Pseudomonas aeruginosa)
. 24 (Choice B) Decreased produc THASIESShaBORS |0 Pancreatic insufficiency orm of
. 25 the disease with normal sweat « Iale infertility (bilateral absence of vas deferens)
S (Choice C) Mutations impairin » Elevated sweat chloride levels Fl
27 mutation, which produces a fun Diagnosis = Nasal potential difference measurements
. 28 = Genetic testing for CFTR mutations
% (Choice D) Mutations causing nsence of
= membrane-bound CFTR as the nazi
4 Jewish population.
37 (Choice E) CFTR is an ATP-ga k e
. 33 channel to open can also causs Add To Blash Card
. 24 regulatory effects of ATP and c4
Educational objective:
Cystic fibrosis (CF) is most commonly due to a 3-base pair deletion in the CF transmembrane conductance regulator (CFTR) gene at amino acid
position 508 (AF508). This mutation impairs post-translational processing of CFTR, resulting in shunting of CFTR toward the proteasome, with
complete absence of the protein on the cell surface. Elevated sweat chloride concentrations are found in most patients with CF
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15 A mutation in a non-coding sequence is believed to affect expression of the gene coding for a specific fetal enzyme. Liver and bone marrow cells
. 16 from the fetus and his parents are obtained. Which of the following is the best method to determine if this gene is being transcribed in cultures of
T isolated cells?
S ‘ A Northern blot
.« 19 ~
. 20 | B. Western blot
- 21 () C. Southem blot
22 =
. 5 _ ) D. Southwestern blot
. 24 () E. ELISA
. 25 i
.« 26
vl
. 28
29
- (30
31
32
. 33
.« 34
. 35
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15 A mutation in a non-coding sequence is believed to affect expression of the gene coding for a specific fetal enzyme. Liver and bone marrow cells
16 from the fetus and his parents are obtained. Which of the following is the best method to determine if this gene is being transcribed in cultures of
i 7
T isolated cells?
. 18
v A Northern blot [50%]
.« 19
. 20 B. Western blot [17%]
= & C. Southemn blot [20%]
22
23 D.  Southwestern blot [6%0]
- 24 E ELISA [5%)]
. 25
.« 26
27 T
. o8 s ||y 30% 4 Seconds 08/09/2018
Correct answer Answered comectly Time Spent Last Updated
29 A
- (30
31 _
Explanation
32
. The Southern, Western, Northern and Southwestern blot procedures are technigues used to analyze and identify DNA fragments, proteins, mRNA,
- and DNA-bound proteins, respectively. The best method for determining whether a gene is being expressed is to analyze for the presence of its
il mRNA using a Northern blot (Choice A) In the case described above, Northemn blot analysis of each of the cell culiure samples can determine if
mRNA comesponding to the gene of interest is being transcribed.
All of the "blot” tests rely on the same basic techniques. First, the components of the unknown sample — DNA for Southern blots (Choice C), .
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. 16
17
. 18 Explanation
. 19
. 20 The Southern, Western, Northern and Southwestern blot procedures are techniques used to analyze and identify DNA fragments, proteins, mRNA,
21 and DNA-bound proteins, respectively. The best method for determining whether a gene is being expressed is to analyze for the presence of its
55 mRNA using a Northern blot (Choice A). In the case described above, Northern blot analysis of each of the cell culture samples can determine if
o mRNA corresponding to the gene of interest is being transcribed.
. 24 All of the "blot" tests rely on the same basic techniques. First, the components of the unknown sample — DNA for Southern blots (Choice C),
. 25 mRMA for Northern blots (Cheice A), protein for Western blofs (Choice B), and DNA-bound protein for Southwestern blots (Choice D) — are
. 26 separated by size and charge via gel electrophoresis. The resultant bands are then blotted onto a nitrocellulose membrane and incubated with a
27 labeled hybridization probe or antibody to identify the specific DNA fragment, mRNA maolecule or protein of interest.
- 28 (Choice B) A complete failure of gene expression would lead to a failure to produce protein while proper gene expression would presumably result
29 in translation into protein, thus one could argue that Westemn blotting could also be used in this case. The question, however, asks how to
« |30 determine if the gene is being transcribed. As transcription refers to the production of mRNA from a DNA template, a test that detects specific
31 mRNA sequences (Morthern blot) would be most desirable.
2 (Choice E) The ELISA (enzyme-linked immuncsorbent assay) is a test commonly employed to measure the amount of a protein in body fluids. [t
il can be quantitative, for example, to measure plasma insulin levels.
. 34
« 35
Educaticnal Objective:MNorthern blots detect target mENA in a sample to assess gene expression.
Copyright © L'World. All rights reserved
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15 A study is undertaken to map the HLA-DQ leci in a population with a high incidence of celiac sprue. High-resolution HLA typing of the DQA1 and
16 DQB1 loci is performed using polymerase chain reaction sequencing. The frequency of the DQA1"0501-DAB1*0201 haplotype, strongly

T implicated in autoimmunity, is found to be 0.2. However, in the same population, the frequency of the DQA1*0501 allele is 0.3 and the frequency
5 of the DQAB1*0201 allele is 0.2. Which of the following best explains the observed DQA1*0501-DAB 170201 haplotype frequency in this

G population?

= () A Heteroplasmy

i ( ‘ B. Increased penetrance

23 () €. Linkage disequilibrium

24 .

5 ) D. Pleiotropy

26 ‘ E. Segregation

27

28

>

30

31

32

33

34

35

36
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15 A study is undertaken to map the HLA-DQ leci in a population with a high incidence of celiac sprue. High-resolution HLA typing of the DQA1 and
16 DQB1 loci is performed using polymerase chain reaction sequencing. The frequency of the DQA1"0501-DAB1*0201 haplotype, strongly
T implicated in autoimmunity, is found to be 0.2. However, in the same population, the frequency of the DQA1*0501 allele is 0.3 and the frequency
5 of the DQAB1*0201 allele is 0.2. Which of the following best explains the observed DQA1*0501-DAB 170201 haplotype frequency in this
G population?
2 A Heteroplasmy [11%]
21
22 B. Increased penetrance [8%]
23 v C. Linkage disequilibrium [50%]
24 )
e D. Pleiotropy [13%]
26 E. Segregation [7%)]
27
28
29 i E
8 El ||y 60% 3 Seconds 08/23/2018
Correct answer Answered correcily Time Spent Last Updated
31 C
32
33
Explanation
34
35
15 Two genetic loci are said to be in linkage disequilibrium when their respective alleles are inherited together in the same gamete (haplotype)
more or less often than expected by chance alone given their corresponding allele frequencies. Although linkage disequilibrium is often the
result of physical proximity of genes on the same chromosome, it does not always imply physical linkage between the allelic loci. .
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14 Explanation &
15
16 Two genetic loci are said to be in linkage disequilibrium when their respective alleles are inherited together in the same gamete (haplotype)
17 more or less often than expected by chance alone given their corresponding allele frequencies. Although linkage disequilibrium is often the
18 result of physical proximity of genes on the same chromosome, it does not always imply physical linkage between the allelic loci.
19
To estimate the expected probability of 2 alleles from separate loci appearing together, multiply their occurrence rates. Note that the Hardy-
£ Weinberg principle (2pq) is not applicable when considering alleles at different loci.
21
22 DQA1*0501-DAB1*0201 haplotype = [Freguency of DQA1"0501] x [Freguency of
23 frequency DQB170201]
2 =0.3x0.2
25
26 =0.06
&t In this example, the observed frequency of both alleles being inherited together is 0.2, which is greater than the expected frequency of 0.06;
= therefore, the population is said to be in linkage disequilibrium. This disequilibrium is explained by the close proximity of the HLA-DQAT and HLA-
29 DQB1 loci that code for a and B chains of class || major histocompatibility complex.
30
& (Choice A) Heteroplasmy describes the presence of different mitochondnial genomes (eg, mutated and wild type) within a single cell. The
severity of mitochondrial diseases is often related to the proportion of abnormal to normal mitochondria.
3z
13 (Choice B) Penetrance is the proportion of people with a given genotype who express its associated phenotype. If all individuals with a given
34 gene express its phenaotype, that gene is said to have full penetrance.
33 (Choice D) Pleiotropy is the occurrence of multiple phenotypic manifestations, often in different organ systems, which result from a mutation in a
36 single gene.
{Choice E) The law of segregation describes the phenomenon in which gametogenesis results in the separation of paired chromosomes so that
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14 frequency DQB1*0201] &
13 =03x02

16

i = 0.06

18 In this example, the observed frequency of both alleles being inherited together is 0.2, which is greater than the expected frequency of 0.06;

19 therefore, the population is said to be in linkage disequilibrium. This disequilibrium is explained by the close proximity of the HLA-DQAT and HLA-

20 DQB1 loci that code for a and B chains of class | major histocompatibility complex.

21

(Choice A) Heteroplasmy describes the presence of different mitochondrial genomes (eg, mutated and wild type) within a single cell. The

22

55 severity of mitochondrial diseases is often related to the proportion of abnormal to normal mitochondria.

24 (Choice B) Penetrance is the proportion of people with a given genotype who express its associated phenotype. If all individuals with a given

75 gene express its phenaotype, that gene is said to have full penetrance.

26 (Choice D) Pleiotropy is the occurrence of multiple phenotypic manifestations, often in different organ systems, which result from a mutation in a

27 single gene.

28 . - . . - - - . .

= (Choice E) The law of segregation describes the phenomenon in which gametogenesis results in the separation of paired chromosomes so that
the offspring inherit only half of each parent's genetic composition.

30

31 Educaticonal objective:

37 Two allele loci are said to be in linkage disequilibrium when a pair of alleles are inherited together in the same gamete (haplotype) more often or

13 less often than would be expected given random pairing. This mast often occurs when the genes are in close physical proximity on the same

s chromosome.

35

36 References

= Gene polymorphisms, inflammatory diseases and cancer.
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15 A 15-year-old patient is referred to the physician by a teacher who is concerned about the patient's learning abilities and behavior. The patient's
. 16 reading and writing skills are significantly impaired compared to other classmates, and the patient often misbehaves in class despite receiving
T numerous detentions. Meuropsycholegical assessment shows mild intellectual disability. Cytogenetic studies show a karyotype containing 47
G chromosomes. Which of the following findings are most likely to be present on further evaluation?
= 19 :j_:‘ A Arachnodactyly, scoliosis, acrtic root dilation
. 2? _ B. Macroorchidism, large jaw and ears
22 d \ C. Short stature, broad chest, amenorrhea
: i: i D Short stature, hypotonia, obesity
.« 25 H‘ E. Tall stature, gynecomastia, azocospermia
.« 26 i
27
29
- (30
31
32
. 33
.« 34
. 35
« 36
37
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15 A 15-year-old patient is referred to the physician by a teacher who is concerned about the patient's learning abilities and behavior. The patient's
16 reading and writing skills are significantly impaired compared to other classmates, and the patient often misbehaves in class despite receiving
T numerous detentions. Meuropsycholegical assessment shows mild intellectual disability. Cytogenetic studies show a karyotype containing 47
5 chromosomes. Which of the following findings are most likely to be present on further evaluation®?
= 19 A Arachnodactyly, scoliosis, acrtic root dilation [2%]
.20
. 91 B. Macroorchidism, large jaw and ears [15%)]
22 C. Short stature, broad chest, amenorrhea [4%]
. 23
e D Short stature, hypotonia, obesity [6%]
.« 25 v E. Tall stature, gynecomastia, azoospermia [70%]
.« 26
27
. 28 rrittad
20 e ) 70% 3 Seconds 08/28/2018
Correct answer Answered comecily Time Spent Last Updated
. |30 E
31
32 i
Explanation
. 33
.« 34
. 35 Klinefelter syndrome is most commonly caused by a meiotic nondisjunction event during parental gametogenesis that results in a 47, XXY
. 36 karyotype. Variants include 46 XY/47 XXY mosaicism and 48 20CXY. In general, patients with higher numbers of X chromosomes are more likely
37 to have more severe manifestations. The disorder is usually not diagnosed until puberty when the characteristic physical signs begin to develop.
The major features are as follows: .
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= Klinefelter syndrome is most commanly caused by a meiotic nondisjunction event during parental gametogenesis that results in a 47,XXY
;6 karyctype. Variants include 46 XY/47 XXY mosaicism and 48 XXXY. In general, patients with higher numbers of X chromosomes are more likely
’ to have more severe manifestations. The disorder is usually not diagnosed until puberty when the characteristic physical signs begin to develop.
17 :
The major features are as follows:
. 18
. 19 1. Klinefelter syndrome causes primary testicular failure due to hyalinization and fibrosis of the seminiferous tubules. This results in small,
. 20 firm testes and azoospermia (infertility). Leydig cell dysfunction also occurs and leads to testosterone deficiency. Gonadotropin (FSH, LH)
. 91 levels are increased secondary to gonadal failure.
s 2 Testosterone deficiency results in development of a eunuchoid body habitus Patients have tall stature and gynecomastia. Facial and
5 body hair is sparse or absent and muscle mass is decreased.
e 3. Mild intellectual disability is seen in some patients, although the majority have normal intelligence. Psychosocial abnormalities (eq, lack of
5 insight, poor judgment) are also common.
. 26 (Choice A) Arachnodactyly, scoliosis, and aortic root dilation are signs of Marfan syndrome, which occurs due to an inhented defect of the
27 extracellular matrix protein fibrillin.
- (Choice B) Macroorchidism, large jaw, and intellectual disability are seen in patients with fragile X syndrome, an X-linked disorder caused by
29 mutations in the fragile X mental retardation 1 gene.
- (30
& (Choice C) In females, loss of an X chromosome (45, X0 karyotype) results in Turner syndrome, which presents with short stature, broad chest,
and primary amenorrhea.
32
. 23 (Choice D) Prader-Willi syndrome is characterized by short stature, hypotonia, intellectual disability. and obesity. The most common cause is a
. 34 microdeletion affecting the paternal chromosome 15g11-13 critical region.
.+ 35 Educational objective:
« 36 47 XXY is the most common genotype causing Klinefelter syndrome. Patients present with tall stature; small, firm testes: azoospermia; and
37 gynecomastia. Mild intellectual disability i1s seen in some patients, and the severity generally increases with each additional X chromosome.
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. 14 C. Short stature, broad chest, amenorrhea [4%

15 Exhibit Display
. 16

T Nondisjunction in meiosis
. 18
. 19 x x x fx
. 20
- 21

Meiosis |

22 Nondisjunction Normal
. 23 /\ /\
. 24
« 25
L] 26 I A

27
. 28 Meiosis Il

% Normial MNormal Normal Nondisjunction
S ET /\ /\ /\ /\.

31

3z
33
- 34 24 24 22 22 23 23 24 22
« 35

36 _ Number of chromosomes in gametes
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15 A B-year-old boy is brought to the office due to a persistent facial ulcer for the past 2 months. His mother reports that the patient has extreme
. 16 sensitivity to sunlight and has developed freckles on his face, neck, and limbs since infancy. On physical examination, the skin in sun-exposed
T areas is dry and rough with numerous freckles and erythematous macules. There is an ulcerated plaque on the left face; a biopsy reveals
G sguamous cell carcinoma. Further testing leads to a diagnosis of xeroderma pigmentosum. A defect in which of the following enzymes is most
. ia likely causing this patient's condition?
2 A 3'>5' exonuclease
. 21
s :,__.\' B. DNA ligase
. 23 () C. Endonuclease
. 24 .
5 o D Helicase
. 26 ‘ E. Topoisomerase
27
. 28
>
- (30
31
32
. 33
.« 34
. 35
« 36
37
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15 A B-year-old boy is brought to the office due to a persistent facial ulcer for the past 2 months. His mother reports that the patient has extreme
16 sensitivity to sunlight and has developed freckles on his face, neck, and limbs since infancy. On physical examination, the skin in sun-exposed
T areas is dry and rough with numerous freckles and erythematous macules. There is an ulcerated plaque on the left face; a biopsy reveals
5 sguamous cell carcinoma. Further testing leads to a diagnosis of xeroderma pigmentosum. A defect in which of the following enzymes is most
G likely causing this patient's condition?
. 20 A 3'—=5' exonuclease [33%]
. 21
22 B. DNA ligase [4%]
- 23 v C. Endonuclease [58%]
. 24 )
D. Helicase [0%]
. 25
« 26 E. Topoisomerase [2%)]
27
. 28
29 L
I St |y 58% 7 Seconds 09/05/2018
Correct answer Answered correcily Time Spent Last Updated
31 C
32
. 23 i
Explanation
.« 34
« 35 E = = E
Nucleotide excision repair of UV damaged DNA
« 36
. 37 UV light \\\Z‘\‘
38

Block Time Remaining: 00:02:51 @ N - B
Feedback

Suspend End Block

A~ bt )




)|

- [tem 40 of 40

==  Question Id: 1476 DPM“”‘ Previous Next Tutorlal LabValues  MNotes  Calculator

Nucleotide excision repair of UV damaged DNA
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FE : Single strand cleavage
- bk b bbb B L LE B L onbothsides of segment
17
18 Az Rl |
18 Damaged DNA
20 bk b bbb bbb 8 b s discarded
21
2 DNA polymerase
23
24 Synthesis of
25 ‘ ' replacement segment
26
27 DNA ligase
28 o
e Remaining
gap sealed
30
©®UWorld
31
12 This boy with severe photosensitivity, poikiloderma, hyperpigmentation in sun-exposed areas, and squamous cell carcinoma of the skin has
13 xeroderma pigmentosum, an autosomal recessive disorder charactenzed by defects in nucleotide excision repair.
34 DMNA can be damaged by ultraviolet rays, leading to formation of thymine dimers between 2 adjacent thymine residues. These thymine dimers
35 are repaired by UV-specific endonuclease, an enzyme that is frequently deficient in patients with xeroderma pigmentosum. This enzyme
36 recognizes distortions in the structure of DNA caused by thymine dimers and subsequently excises stretches of single-stranded DNA that contain
37 these defects. The gap created following this excision is then filled by DNA polymerase, which uses the opposite DNA strand as a template. The
new strand of DNA is then joined on beth ends to the existing DNA by the enzyme ligase.
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15 This boy with severe photosensitivity, poikiloderma, hyperpigmentation in sun-exposed areas, and squamous cell carcinoma of the skin has

16 xeroderma pigmentosum, an autosomal recessive disorder characterized by defects in nucleotide excision repair.

1 DMNA can be damaged by ultraviolet rays leading to formation of thymine dimers between 2 adjacent thymine residues. These thymine dimers
18 are repaired by UV-specific endonuclease, an enzyme that is frequently deficient in patients with xeroderma pigmentosum. This enzyme

19 recognizes distortions in the structure of DNA caused by thymine dimers and subsequently excises stretches of single-stranded DNA that contain
20 these defects. The gap created following this excision is then filled by DNA polymerase, which uses the oppaosite DNA strand as a template. The
21 new strand of DNA is then joined on both ends to the existing DNA by the enzyme ligase.

22 (Choice A) 3'—5 exonuclease activity describes the "proofreading” ability of DNA polymerase. This ability allows for the recognition and repair of
i mismatched bases during DNA replication. Hereditary nonpolyposis colon cancer is associated with DNA mismatch repair gene mutations.

25 (Choice B) DNA ligase is responsible for creating a phosphodiester linkage between the phosphate group of the &' end of a DNA fragment and

26 the hydroxyl group of the 3" end. DNA ligase is particularly active in joining the Okazaki fragments created during discontinuous replication of the
27 lagging strand.

28 (Choice D) Helicases are responsible for unwinding and separating double-stranded DNA into single-stranded DNA in preparation for DNA

20 replication.

Ll (Choice E) Topoisomerase enzymes relieve DNA supercoiling produced during unwinding and separation by helicase. Prokaryofic

o topoisomerase |l (DNA gyrase) is inhibited by flucroguinclone antibiotics, whereas eukaryotic topoisomerase |l is inhibited by the anticancer drug
SE etoposide.

33

55 Educational objective:

G Xeroderma pigmentosum is an aufosomal recessive disorder charactenized by defective nuclectide excision repair often caused by a deficiency in
i U\-specific endonuclease. Affected children usually have severe photosensitivity, hyperpigmentation in sun-exposed areas, and a greatly

7o increased risk for skin cancer.
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