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Errors of Meiosis
Chromosomal Abnormalities
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Calf with cyclopia (single eye in middle of
forehead). In spite of this calf's resemblance to
someone you may have once dated, the most
likely explanation of sporadic cases like this (it
was born at the WSVL) is probably a major
chromosomal abnormality.




Causes of Chromosomal abnormalities

N

" |ncorrect number of chromosomes in cells can
result from an erroneous process known as:

¢ nondisjunction

= when chromosomes don’t separate properly during
meiosis (failure during anaphase | or ll)

N

" |ncorrect structure of chromosomes leaders to
gross (large-scale) mutations

¢ breakage of chromosomes can lead to four major
changes in chromosome structure

deletion XX

1.

2. duplication

3. inversion xx
4. translocation M
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Nondisjunction during Meiosis & Gamete Formation

= | Problems with attachment of chromosomes to the meiotic
spindle or problems cleaving the proteins that hold
homologous chromosomes and/or sister chromatids together
can cause errors in daughter cells

¢ homologous chromosomes do not separate properly
during Meiosis 1

¢ sister chromatids fail to separate during Meiosis 2
End up with too many or too few chromosomes
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Nondisjunction causes an alteration of
chromosome number in the gametes.

Meiosis 1

K B K R

~ Nondisjunction
/ \
Meiosis II
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Nondisjunction

\n+1 n+1 n-1 n-1 Y

[all with incorrect number ]Df chfomOSO{ 1/2 with incorrect number:

(a) Nondisjunction of homologous (b) Nondisjunction of sister
AP | chromosomes in meiosis 1 chromatids in meiosis II



Fertilization of gamete after nondisjunction
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= Zygote now too has erroneous number of chromosomes, a
condition called aneuploidy
¢ Leads to abnormal dosage of gene product
* Trisomy: cells have 3 copies of a certain chromosome
= Monosomy: cells have only 1 copy of a certain chromosome

= Polyploidy = when organisms have more than two
complete chromosomal sets in all somatic cells.

= Ex: Triploidy (3n) & tetraploidy (4n)
¢ Common in plants
= Ex: bananas are triploids and wheat is hexapI0|d

LA XY

monosomy
2n-1

trisomy
2n+1
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Human gross chromosome disorders

U

= High frequency in humans
+ most embryos are spontaneously aborted

N

+ alterations are often too disastrous - gene dosage altered greatly

+ developmental problems result from biochemical imbalances
and abnormal cellular functioning

= imbalance in key proteins

¢+ Ex: imbalances in regulatory molecules
|

= Certain conditions are tolerated though

If abnormal protein concentrations upset
the balance less = survivable

= But baby still develops a characteristic set

of symptoms = syndrome
AP Biology
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3 copies of chromosome 21
¢ 1in 700 children born in U.S.

= Chromosome 21 is the
smallest human chromosome

+ but still severe effects
= Short neck and flat face, upwar
slanting eyes, low muscle tone
and a single crease across the
palm of the hand.

= Congenital heart defects
accompany Down syndrome
in about 40% of the cases.

= Vision and hearing
problems are also common.

single palmer

creaze, short widely separated
= Frequency of Down 1 g that |
syndrome correlates O skin creases

with the age of the mother
AP Biology




Down syndrome & age of mother

Incidence of
Mother’s age Down Syndrome g 25
Under 30 <1 in 1000 82 20f
>
30 1in 900 o 15]
o
35 1 in 400 g |
0o
36 1in 300 o
$8  5F
37 1in 230 3
38 1in 180 = 020 25 30 35 a0 5
39 1in 135 Age of mother
40 1in 105
42 1in 60 Rate of miscarriage due to
. amniocentesis:
44 1in 35 BT
1970s data
46 1in 20 0.5%, or 1 in 200 pregnancies
48 1in 16 2006 da
AP} 49 1in 12 <0.1%, or 1 in 1600 pregnancies




Edward syndrome

N

births

¢+ Affecting girls more than three times
as often as boys.

¢ The presence of an extra number 18

+ Many of these abnormalities make it hard for
infants to live longer than a few months.

+ Life expectancy is typically very short,

with 90% of children dying in the first year.
AP Biology

Trisomy 18 is a relatively common syndrome
affecting approximately 1 out of 3,000 live

chromosome leads to multiple abnormalities.

occiput, or back part
of the skull,
prominent

dysplastic, or
malformed ears

small
mouth,

small jaw,
short neck

shield chest,
or zhort and
prominent
sternum;
and wide-
zef nipples

clenched hands
with overlapping
fingers

flexed big foe;
prominent heels
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Patau syndrome
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= Trisomy 13 occurs in about 1 out
of every 5,000 live births.

¢ More than 80% of children with
trisomy 13 die in the first month.

= Trisomy 13 is associated with
multiple abnormalities, including
defects of the brain that lead to
seizures, apnea, deafness,
retardation, and eye
abnormalities.

Most infants have a cleft lip and
cleft palate, and low-set ears.

Congenital heart disease is :
present in approximately 80% of f‘
affected infants.

Hernias and genital abnormalitie:
AP Biology  are common.

small head

cleft lip andfor

dy=plastic, or
malformed sars

and polydactyly,
or extra fingers

undescended or
abnomnal testes
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Classes of human chromosomes
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Sex chromosomes abnormalities
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= Human development is more
tolerant of wrong numbers in
sex chromosome than
autosomes

¢ But having an extra or missing sex
chromosomes still produces a variety
of distinct syndromes in humans

= XXY = Klinefelter’s syndrome male
= XXX = Trisomy X female wae U N
= XYY = Jacob’s syndrome male

= XO = Turner syndrome female

AP Biology \UJ
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syndrome)

XXY

Male
(Klinefelter
syndrome)

‘X0

Female
(Turner
syndrome)
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Klinefelter’s syndrome
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m XXY male
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¢ one in every 2000 live
births

¢+ have male sex organs,
but are sterile
¢ feminine characteristics

= some breast development development

= lack of facial hair

+ tall
¢+ normal intelligence

AP Biology
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Frontal
baldness
absent

Foor beard
Tendency to growth

grow fewer
chest hairs

— Narrow

Hreast

Female-type Wide

pubic hair hips

pattern ;

Small ! |

testicular \

size Long arms
./:}_m:l legs

shoulders



Klinefelter’s syndrome
(extra X chromosomes often supercoil into barr bodies)
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Jacob’s syndrome male

m XYY Males

+11in 1000 live male \
births ‘}.i
¢ extra Y chromosome :
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Trisomy X
n XXX

¢

N

¢ produces healthy females

= Some wide spread eyes

= Poor muscle tone

= Small chin

= May have some developmental delays

¢ Why?
= Barr bodies

+ all but one X chromosome is inactivated
Barr body

AP Biology

Zygote Early embryo




Short stature
]’u rner syndrome S
- facial features
N Low hairline Fold of skin
u Monosomy X or XO Constriction
] ] Shield-shaped — Ly of aorta
¢ 1in every 5000 births  thorax ,f'l g +————— Poor breast
i Widely spaced — /. /I s | ’ development
¢ varied degree of effects nipples 7 . w .
= Absent or incomplete Shortened ,./ / / i deformity
development at puberty,  mMetacarpa N\. P\
including sparse pubic hair Small (i Rudimentary
and small breasts nget e il
Gonadal streak
= Broad, flat chest shaped (underdeveloped
. . gonadal
I|:;ke d .ShI6|d e structures)
= Drooping eyelids
* Dry eyes No menstruation
= Infertility

No periods (absent
menstruation)

= Short height
¢ webbed neck
¢+ short stature
¢ sterile
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Large-scale mutations - Changes in chromosome

sfructure involving one or more genes/large sections of DNA

- A BCDE FGH . A BCE FGH
= deletion CEIZTITII:DM%IIIXII)
¢ (unequal
crossing over of DNA between non-sister chromatids)
A BCDE FGH ABCBUC CDE FGH

= duplication CH|X||)‘M‘»C_|X||)

L4 (unequal crossing over of
DNA between non-sister chromatids)
.inversion A BCDE FGH l.wemi‘m=ADCBE F GH

(ISP
¢ reverses the orientation of a segment of
a chromosome

A BCDE FGH MNOCDE FGH

= translocation @ TTXTD aeprocs SR TTXTD

T translocation

— ¢ move segment from one chromosome
iology t0o another type of chromosomes

Often these are errors made during

crossing over during gamete formation




- Caused by a chromosomal deletion.
¢ Deletions occurs during the formation

¢+ Caused by unequal recombination/crossing over
during meiosis, resulting in missing chromatid DNA

= Babies are small at birth & may have respiratory problems.

Cri-du-Chat Syndrome 5}

cat-like cry.

= People may have a small head (microcephaly), an
unusually round face, a small chin, widely set eyes, folds
of skin over their eyes, and a small bridge of the nose.

= Several problems occur inside the body, as well.

¢ May have heart defects, muscular or skeletal
problems, hearing or sight problems, or poor
muscle tone.

¢ Difficulty walking and talking correctly.

¢ Behavior problems (such as 3 “ w .. 5

hyperactivity or aggression)
¢ Severe mental retardation. " i
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