
Appendix matters arising from
discussion on….

1.3.2 congenital abnormalities



• Not all of a eukaryote cell’s genes are
located in the nucleus.

• Extra-nuclear genes are found on small
circles of DNA in mitochondria and
chloroplasts.

• These organelles reproduce themselves.
• Their cytoplasmic genes do not display

Mendelian inheritance.

Extra-nuclear genes exhibit a non-Mendelian
pattern of inheritance.



Chromosome Structure Variations-
Causes and Problems

• Chromosome structure variations result from
chromosome breakage. 

•  Broken chromosomes tend to re-join; if there is more
than one break, rejoining occurs at random and not
necessarily with the correct ends.  The result is structural
changes in the chromosomes.  

• Chromosome breakage is caused by X-rays, various
chemicals, and can also occur spontaneously.

• --General problems with structural variants:
• 1. breaking a critical gene.  This destroys the gene

and thus can result in a mutant phenotype.
• 2. aneuploidy, usually after meiosis.
• We will explore #2 with the individual types of

chromosome variation.



• --Types:  Consider a normal chromosome with
genes in alphabetical order: abcdefghi

• --deletion: part of the chromosome has been
removed: abcghi

• --duplication: part of the chromosome is
duplicated: abcdefdefghi

• --inversion: part of the chromosome has
been re-inserted in reverse order: abcfedghi

• --ring: the ends of the chromosome are joined
together to make a ring

• --translocation:  parts of two non-
homologous chromosomes are joined:  if one
normal chromosome is abcdefghi and the other
chromosome is uvwxyz, then a translocation
between them would be abcdefxyz  and uvwghi.



Deletions
• When homozygous, most deletions are lethal, because

most genes are necessary for life and a homozygous
deletion would have zero copies of some genes.  

• When heterozygous, the genes on the normal homologue
are hemizygous:  there is only 1 copy of those genes, and
thus they are expressed even if recessive (like genes on the
X in male mammals).  

• Heterozygous deletions are aneuploid, because the
genes in the deleted region are present in only 1 copy
instead of the normal two copies.  Some genes need to
be present in two copies, so heterozygous deletions
sometimes  give rise  to defects in the affected
individual, especially if the deletions are large.



Duplications
• Genes are duplicated if there is

more than one copy present in the
haploid genome.  

• Some duplications are “dispersed”,
found in very different locations from
each other.

• Other duplications are “tandem”,
found next to each other. 



Unequal Crossing Over
• Unequal crossing over

happens during prophase of
meiosis 1.  Homologous
chromosomes pair at this
stage, and sometimes pairing
occurs between the similar but
not identical copies of a
tandem duplication.

•  If a crossover occurs within
the mispaired copies, one of
the resulting gametes will
have an extra copy of the
duplication and the other
will be missing a copy.

•



Hemoglobin Example
• As an example, the beta-globin gene cluster in humans

contains 6 genes, called epsilon (an embryonic form),
gamma-G, gamma-A (the gammas are fetal forms), pseudo-
beta-one (an inactive pseudogene), delta (1% of adult beta-
type globin), and beta (99% of adult beta-type globin.
Gamma-G and gamma-A are very similar, differing by
only 1 amino acid.  

• If mispairing in meiosis occurs, followed by a crossover
between delta and beta, the hemoglobin variant Hb-
Lepore is formed.  

• This is a gene that starts out delta and ends as beta.  
• Since the gene is controlled by DNA sequences

upstream from the gene, Hb-Lepore is expressed as if it
were a delta.  That is, it is expressed at about 1% of the
level that beta is expressed.  Since normal beta globin is
absent in Hb-Lepore, the person has severe anemia. 



Inversions
• An inversion is when a segment of a chromosome

is removed and then replaced backwards. 
• The problem with inversions occurs in meiosis,

when a chromosome containing an inversion is
heterozygous with a normal chromosome.  A
crossover within the inverted region results in
aneuploidy and death of the resulting embryo.  

• One consequence of this is that crossing over is
apparently suppressed.  

• Inversions can be either paracentric, where the
centromere is NOT in the inverted region, or
pericentric, where the inversion is in the inverted
region.  



Paracentric Inversions
• When a paracentric inversion

crosses over with a normal
chromosome, the resulting
chromosomes are an acentric,
with no centromeres, and a
dicentric, with 2 centromeres.  

• The acentric chromosome isn't
attached to the spindle, so it
gets lost during cell division,
and the dicentric is usually
pulled apart (broken) by the
spindle pulling the two
centromeres in opposite
directions.  These conditions
are lethal.



Pericentric Inversions
• When a pericentric inversion

crosses over with a normal
chromosome, the resulting
chromosomes are both
duplicated for some genes and
deleted for other genes. (They do
have 1 centromere apiece
though).  The gametes resulting
from these are aneuploid and do
not survive. 

• Thus, either kind of inversion has
lethal results when it crosses
over with a normal chromosome.
The only offspring that survive are
those that didn't have a crossover.
Thus when you count the offspring
you only see the non-crossovers, so
it appears that crossing over has
been suppressed.



Translocations
• In a translocation, two different, non-homologous chromosomes are

broken and rejoined to each other.  All the genes are present, so an
individual with a translocation can be completely normal.  However, an
individual who is heterozygous for a translocation and a set of normal
chromosomes can have fertility problems

•  The problem occurs during meiosis 1, as the result of confusion about how
the chromosomes should segregate to opposite poles.  

• During prophase and metaphase of M1, the homologous chromosomes pair
up.  Because translocations have pieces of two different chromosomes
attached together, they pair up in a cross-shaped configuration, so all
the pieces have a partner.  This structure is three-dimensional, not flat,
and there is ambiguity about which centromeres are attached to which
pole of the spindle.  

• When anaphase occurs, two main possibilities exist:  alternate segregation,
where centromeres on opposite sides of the cross go to the same pole, and
adjacent segregation, where centromeres on the same side of the cross go
to the same pole. 



Alternate Segregation

• In alternate segregation,
the centromeres on
opposite sides of the
cross go to the same pole
in anaphase 

• Alternate segregation
results in euploid
gametes: half the
gametes get both of the
normal chromosomes,
and the other half of the
gametes get both of the
translocation
chromosomes.  



Adjacent Segregation
• In adjacent segregation, the

centromeres on the same side of the
cross go to the same pole. 

• Adjacent segregation results in
aneuploid gametes (which die):
each gamete gets one normal
chromosome and one translocation
chromosome, meaning that some
genes are duplicated and others
are deleted in each gamete.

• Alternate segregation and adjacent
segregation occur with about equal
frequency, so in a translocation
heterozygote about half the
gametes are euploid and viable,
and the other half are aneuploid
and result in a dead embryo.



Translocational Down Syndrome
• Most cases of Down syndrome, trisomy-21, are spontaneous.  They are

caused by non-disjunction which gives an egg or sperm with two
copies of chromosome 21.

• However, about 5% of Down’s cases are caused by a translocation
between chromosome 21 and chromosome 14.  These translocational
Down’s cases are heritable: several children in the same family can
have the disease.

• Both chromosome 14 and chromosome 21 are acrocentric, and the short
arms contain no essential genes.

• Sometimes a translocation occurs that joins the long arms together on one
centromere and the short arms on another centromere.  In this case the
short arm chromosome is usually lost.  The individual thus has a normal
chromosome 14, a normal chromosome 21, and a translocation
chromosome, called t(14;21).

• During meiosis, one possible gamete that occurs has both the normal 21
and the t(14;21) in it.  When fertilized, the resulting zygote has 2 copies of
the important parts of chromosome 14, but 3 copies of chromosome 21: 2
normal copies plus the long arm on the translocation.  This zygote develops
into a person with Down syndrome. 



Chromosomal & Genetic Factors
• Structural Abnormalities

• Mutant Genes
• Numerical Chromosomal Abnormalities

– Trisomy 21 (Down syndrome)
– Trisomy 18  Edwards
– Trisomy 13  Patau 

– Remember PAT ED DOWN
– Klinefelter Syndrome
– Turner Syndrome
– Triple X Syndrome





Human Chromosomes
• Sexually reproducing species have a pair of sex

chromosomes; the members of this pair differ between
males and females

• In humans, two sex chromosomes are the basis of
sex – human males have XY sex chromosomes,
females have XX

• All other human chromosomes are autosomes –
chromosomes that are the same in males and
females These pairs of autosomes are identical in
length, shape, and which genes they carry
(homologous chromosomes)
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Chromosomes

• Rod shaped structures found in the center of
the nucleus of every cell in the body.

• Each sperm and each ovum contains 23
chromosomes.

• The chromosomes contain the DNA and
genes.

• The fertilized egg (zygote) and all the body
cells that develop from it (except the sperm
cells and the ova) contain 46 chromosomes.
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Chromosomes

• 22 of the pairs are called autosomes and
are numbered from largest to smallest.

• The autosomes are not involved in
determining sex.

• The 23rd pair are the sex chromosomes: 
– XX in females
– XY in males
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Karyotype
A photograph of a cell’s chromosomes

arranged in pairs according to size



• Haploid: set of 23 chromosomes
• Diploid:  normal number of 46 chromosomes
• Aneuploidy: less than an even multiple of 23

usually is 45 or 47 and rarely 48,49
• Triploidy: 69 chromosomes
• Mosaicism 
• Abnormal in deletion and translocation(balanced

and unbalanced)Balanced 



Incidence 
• The earlier the abortion the more likely

will the abnormality be chromosomal
• 50% of spontanous abortion are

chromosomal abnormalities
• Mostly triploidy. 45 XO, trisomy 16
• 98% of fetus with Turner’s abort
• Generally 6/1000 the incidence of

chromosomal abnormalities



When to suspect congenital
abnormalities

• Unexplained infertility/  balanced
translocation

• Multiple abortion >2

• Prior case of defective baby



When to suspect it…continued

• Presence of congenital anomalies
– 45% have minor single anomalies
– 9% 3 minor anomalies
– 1.5% HAVE major anomaly

• 2 or more major anomalies may
represent genetic syndrome or
chromosomal abnormalities(10%).



• Table 3.2 Four Common Sex Chromosome Abnormalities



• Table 3.2 Four Common Sex Chromosome Abnormalities (continued)



• Genetic Abnormalities
– Many passed to children by parents

who are carriers of recessive alleles
– Some are caused by dominant alleles
– Some result from mutations – changes

in structure of one or more genes
• Spontaneous

• Environmental hazards



Chromosomal & Genetic Factors
• Numerical Abnormalities

• Structural Abnormalities
• Mutant Genes



Chromosomal Abnormalities
• May be numerical or structural
• Important causes of congenital

malformations & spontaneous
abortions

• Estimated that 50% of all conceptions end
in spontaneous abortion & 50% of these
have major chromosome abnormalities

• Most common chromosome
abnormalities in aborted fetuses is:
– Turner syndrome (45,X)
–  triploidy
–  trisomy 16



Chromosome Alterations

Structural Chromosomal
Abnormalities



Structural chromosomal abnormalities

A) ReciprocalA) Reciprocal
translocationtranslocation

B) Terminal deletionB) Terminal deletion

C) Ring chromosomeC) Ring chromosome

D) DuplicationD) Duplication

E) Paracentric inversionE) Paracentric inversion

F) IsochromosomeF) Isochromosome

G) RobertsonianG) Robertsonian
translocationtranslocation



Structural abnormalities
• breakage followed by loss or rearrangement
• deletion, translocation
Generally: 
• loss of chromosomal material is more

dangerous than gain
• abnormalities of sex chromosomes are better

tolerated than autosomal
• abnormalities of sex chromosomes sometimes

symptomatic in adult age (e.g. infertility)
• usually origin de novo (both parents and

siblings are normal)



B) Structural chromosomal abnormalities:
   It results from chromosome break down followed by

reconstitution in abnormal combination:
• Translocation: It is the transfer of a piece of one

chromosome to a nonhomologous chromosome. It
does not necessarily produce abnormal development.

• Deletion:  When a chromosome breaks a portion may be
lost. For example deletion from chromosome 5 causes
cri du chat syndrome (the infant produces catlike cry at
birth).
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 C) Anomalies caused by
mutant genes:

It result from permanent
heritable changes in the
sequence of genomic
DNA, For example
“achondroplasia”

The patient shows:
- Short stature
- Short limbs, fingers &

toes.
- Large head, with

depressed nasal bridge
& prominent forehead.

- Normal length of the
trunk.



Translocation Deletion

Insertion

Inversion Isochromosome

Ring
chromosome

Derivative
chromosome

Chromosome Structure
Abnormalities



Chromosome Structure Abnormality:
Balanced Translocation 45, XY, t(14q21q)



Chromosomal Disorders
• Chromosomal deletion: when cells go through

meiosis, portions of the chromosome are lost.
• Chromosomal inversion: when cells go through

meiosis, parts of the chromosome are flipped.
• Chromosomal translocation: when cells go

through meiosis, parts of the chromosomes
stick together and switch.

• Chromosomal non-disjunction: when cells go
through meiosis the chromosomes don’t
separate correctly and either too many or not
enough are passed on.



Single Chromosome DisordersSingle Chromosome Disorders

1. Deletion
• Genetic material

is missing

2. Duplication
• Genetic material

is present twice

3. Inversion
• Genetic material

is “flipped”

http://upload.wikimedia.org/wikipedia/commons/0/01/Single_Chromosome_Mutations.png


Two Chromosome DisordersTwo Chromosome Disorders
((Both types are called “translocation”)Both types are called “translocation”)

Insertion
• Genetic material is added from another

chromosome

Translocation
• Material is swapped with another

chromosome



Turners  Syndrome
1 in 5,000 births

45 chromosomes X only

#23 Monosomy
Nondisjunction

96-98% do not survive to birth
No menstruation
No breast development
Narrow hips
Broad shoulders and neck



Cri-Du-Chat Syndrome
• 1 in 216,000 births

• 46 chromosomes

• #5 Deletion of lower 
arm

Symptoms:

Moon-shaped face

Heart disease

Mentally retarded

Malformed larynx

Normal lifespan



Aniridia-Wilms Tumor
Syndrome

1 in 50,000,000 births

46 chromosomes

XY or XX

#11 Deletion of upper arm

Symptoms: 

Mentally retarded

Growth retarded

Blindness

Tumors on kidneys

Short lifespan



Thirteen Q Deletion  Syndrome

1 in 500,000 births

46 chromosomes

XY or XX

#13 Deletion of lower arm

Mentally retarded
Deformed face
No thumbs
Heart disease
Short lifespan



Prader-Willi Syndrome
1 in 5,000,000 births

46 chromosomes
XY=97%  
XX=3%

#15 Deletion of lower arm

Small bird-like head

Mentally retarded

Respiratory problems

Obesity

Short lifespan



Eighteen Q Deletion Syndrome
1 in 10,000,000 births

46 chromosomes

XY or XX

#18 Deletion of lower arm

Mentally retarded
Heart disease
Abnormal hands and feet
Large eyes
Large ears
Normal lifespan



Burkitt Lymphoma
Translocation of the Myc gene on
chromosome 8

Normal Myc genes control cell growth
and division
•Translocated Myc genes don’t function properly

•Leads to cancer of the lymph nodes

http://en.wikipedia.org/wiki/Image:Large_facial_Burkitt%27s_Lymphoma.JPG


Down Syndrome:
          Trisomy

Down Syndrome

1 in 1,250 births

47 chromosomes
XY or XX

#21 Trisomy 
Nondisjunction

1 in 31,000 births

46 chromosomes
XY=97%

            XX=3%

#14/21 Translocation



Down Syndrome
Short, broad hands 
Stubby fingers
Rough skin
Impotency in males
Mentally retarded
Small round face
Protruding tongue
Short lifespan

http://upload.wikimedia.org/wikipedia/commons/9/9d/Brushfield.jpg


Klinefelter  Syndrome
1 in 1,100 births

47 chromosomes
XXY only

#23 Trisomy 
Nondisjunction

Scarce beard

Longer fingers and arms

Sterile

Delicate skin

Low mental ability

Normal lifespan



Cat-Eye Syndrome
1 in 1,000,000 births

46 chromosomes
XY or XX

#22 Deletion of bottom arm

Fused fingers and toes

Mentally retarded

Small jaw

Heart problems

Normal life
span



Patau’s Trisomy Syndrome
1 in 14,000 births

47 chromosomes
XY or XX

#13 Trisomy 
Nondisjunction

Small head

Small or missing eyes

Heart defects

Extra fingers

Abnormal genitalia

Mentally retarded

Cleft palate

Most die a few weeks after birth



Four-Ring Syndrome
1 in 10,000,000 births

46 chromosomes
XY or XX

#4 Inversion

Cleft palate

Club feet

Testes don’t descend

Short life
span



Jacob’s Syndrome
1 in 1,800 births

47 chromosomes
XYY only

#23 Trisomy 
Nondisjunction

?

Normal physically
Normal mentally
Increase in testosterone
More aggressive
Normal lifespan



Triple X Syndrome

Normal physically
•Sometimes taller

Normal mentally
•Inc. risk of retardation

Fertile



Other Types of Inherited
Genetic Disorder…



Tay-Sachs

Multiple kinds of
mutation on
Chromosome 15



• Tay-Sachs
– incidence rate of

infantile Tay-Sachs= 
• Ashkenazi Jewish

groups, French
Canadian & Cajun:
1 in 30 are carriers

• other groups:  1 in
300 are carriers

– accumulation of lipids on
brain

– brain malfunction; death by
age 5



Sex-linked:  X chromosome
• Duchenne Muscular

Dystrophy
– 1 boy in every 3,000

– progressive
weakening of
muscles and loss of
coordination

– more common in
males



• Cystic Fibrosis

– 1/31 is carrier in U.S.

– Single gene mutation

– mucus in lungs,
pancreas, digestive
tract and other
organs

– most common lethal
genetic disease in
U.S.

– heterozygote
may be
resistant to
typhoid fever



Autosomal Dominant

• Huntington’s
– incidence:

1/10,000 in U.S.

– nervous system
degenerates

– late onset
– may not show

symptoms until past
reproductive age



Chromosome Alterations

Numerical Chromosomal
Abnormalities



Types of Chromosome

• Chromosomes are placed into broad categories
depending on the position of the centromere.

• metacentric: centromere in the middle, with arms
of equal length.

• telocentric: centromere at one end, with only 1
arm.  

• acrocentric: centromere near one end, with arms
of very different lengths

• sub-metacentric: centromere near the middle,
with arms of slightly different lengths. 



Types of Chromosome



Variations in Chromosome Number

• The suffix -ploidy refers to the number of
haploid chromosome sets. Thus, haploid = 1
set, diploid = 2 sets, triploid = 3 sets,etc.

• The suffix -somy refers to individual
chromosomes.  Thus, trisomy = having 3
copies of a chromosome, and monosomy =
having 1 copy of a chromosome.

• Down syndrome, the most common from of
mental retardation in humans, is caused by
trisomy-21, 3 copies of chromosome 21. 



Aneuploidy
• In general, organisms need a balanced number

of chromosomes: equal numbers of each
chromosome.  This condition is called
“euploid”.

• If the organism is supposed to be diploid but
instead has a different number of chromosome
sets (such as triploid), it is “abnormal euploid”.

• Having an extra chromosome (trisomic) or
missing a chromosome (monosomic) is very
bad, usually lethal.  The chromosomes in this
case are unbalanced, not equal numbers of all
types.  This condition is called “aneuploid”. 



Abnormal Euploidy
• Most diploids don’t survive as haploids,

because they are usually heterozygous
for recessive lethal alleles.  

• Similarly, making an organism
homozygous at most genes (through
repeated matings between close relatives)
is usually lethal.

• Heterozygosity helps diploid organisms
cope with different environmental
conditions.



Triploids
• Triploid organisms are usually sterile.  Triploidy is a common way of making

seedless fruit, such as in watermelons.  Recall that the seed is a
multicellular organism, many cell divisions after fertilization.  

• The reason triploids are sterile can be found in metaphase and anaphase of
meiosis 1. Homologues pair up in metaphase of M1, then they are pulled to
opposite poles in anaphase.

• In triploids, there are 3 members to each set of homologues.  They line up
as triples at metaphase.  In anaphase, 1 homologue goes to the upper pole,
and one homologue goes to the lower pole.  The third homologue goes
randomly to either pole.  

• The result is that each cell after M1 has 1 copy of some chromosomes and
two copies of other chromosomes.  This is an aneuploid condition, which
nearly always results in dead embryos.

• In humans, triploid fetuses are the result of dispermy, fertilization of an
egg by two sperm simultaneously. Triploid humans usually die before
or just after birth.  About 15% of spontaneous abortions are due to
triploidy. 





Aneuploid Organisms
• Aneuploidy is the result of non-disjunction in

meiosis. Non-disjunction is the failure of
chromosomes to go to opposite poles in meiosis.

• Non-disjunction results in aneuploid gametes and
embryos.  It can occur in either M1 or M2.

• In humans, the rate of non-disjunction rises
rapidly with the age of the mother.  This is a
leading cause of Down syndrome, trisomy-21.







Maternal Age Effect on Non-Disjunction



Some Human Aneuploidies

• A normal human has 46
chromosomes, which can be
designated 46, XX or 46, XY

• The sex chromosomes are the
most tolerant of aneuploidy, due
to X chromosome inactivation.

• Klinefelter syndrome: 47, XXY.
 The Y makes these people
male, but they have a female
pattern of body hair and they
usually develop breasts.
Treatment with testosterone
alleviates most symptoms.



Turner Syndrome
• Turner syndrome: 45, X.

Often written as “XO”.  They
have only one sex
chromosome, an X.  No Y
means they are female, but
they lack ovaries and are
thus sterile.  Also, they don’t
produce the surge in
estrogen that causes body
changes at puberty,
although this can be treated
with hormones.  Interesting
changes in spatial
perception have also been
noted.



Other Sex Chromosome
Abnormalities

• 47, XYY.  Male, usually tall, acne-ridden,
and slightly sub-normal in intelligence.
Once thought to confer “criminality”, but
this has been disproven.

• 47, XXX. Female, with normal intelligence
and only occasional fertility problems.
Usually not detected except by accident.



Autosomal Aneuploidies
• Approximately 2% of sperm cells are aneuploid,

with all possible extra and missing chromosomes
occurring in equal numbers.

• However, only 3 trisomies (and no monosomies)
occur frequently enough to have a named
syndrome.

• 47, trisomy-21, Down syndrome, is the most
common.  People with Down syndrome are
mentally retarded, with characteristic thick
bodies and tongues, along with heart defects
that used to kill most of them at an early age.
They often get Alzheimer’s Disease at an early
age.



Other Autosomal Aneuploidies
• Trisomy-13, Patau syndrome,

results in severe cleft palate: the
facial bones fail to close during fetal
life.  Average life span: 6 months.
Can result in a “cyclops”, a person
with only 1 eye in the middle of the
forehead.

• Trisomy-18, Edwards syndrome.
Multiple defects in many organs,
unusual clenched fist, average life 3
months.





Mosaics and Chimeras

• A mosaic is an organism which is derived from a single
fertilization but which contains cells with two or more
different chromosome compositions.  For instance, it is
possible to be 46,XY / 45,X.  Some cells are normal
male (XY) cells, while others are Turner syndrome
female cells.  This is caused by chromosome loss or
non-disjunction in one of the first few mitoses of a
newly formed embryo.

• A chimera is an organism which is composed of two
genetically different organisms, which have fused
together.  Usually seen as a person with blood cells from
a fraternal twin whose body was absorbed: a person with
two different blood types. 


