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Chromosome Mutations: Variation in
Chromosome Number and Arrangement

pecific Terminology Describes Variations In
Chromosome Number

* Although most diploid species normally contain precisely

two haploid chromosome sets, there are many known
variations:

— a change In the total number of chromosomes,

—the deletion or duplication of genes or segments of a
chromosome,



Chromosome Mutations: Variation in
Chromosome Number and Arrangement

—and rearrangements of the genetic material either
within or among chromosomes.

*Such changes are called chromosome mutations or
chromosome aberrations, to distinguish them from
gene mutations.



Chromosome Mutations: Variation in
Chromosome Number and Arrangement

ariations in chromosome number are known as
aneuplolidy when an organism gains or loses one or
more chromosomes and has other than an exact
multiple of the haploid set.
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TERMINOLOGY FOR VARIATION
TABLE 8.1
IN CHROMOSOME NUMBERS

Term Explanation
Aneuploidy 2n £ X
chromosomes
Monosomy 20 =1
Trisomy 2n -+ 1
Tetrasomy, pentasomy, etc. 2n + 2,2n + 3, etc.
Euploidy Multiples of n
Diploidy 2n
Polyploidy 3n,4n, 5n, ...
Triploidy 3n
Tetraploidy, pentaploidy, etc. 4n, 5n, etc.
Autopolyploidy Multiples of the
same genome
Allopolyploidy Multiples of

(Amphidiploidy) different genomes



In euploidy, complete haploid sets of chromosomes are
present.

Polyploidy occurs when more than two sets of
chromosomes are present.



Variation in the Number of Chromosomes
Results from Nondisjunction

mosomal variation can arise from nondisjunction,
Ich chromosomes or chromatids fail to disjoin and
ve to opposite poles during meiosis | or Il.
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Preparation of Metaphase Chromosomes
for Analysis

Cell culture Preparation
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Preparation of Metaphase Chromosomes
for Analysis
I
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Preparation of Metaphase Chromosomes
for Analysis
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Embedding
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Monosomy, the Loss of a Single Chromosome,
May Have Severe Phenotypic Effects

* The loss of one chromosome to produce a
2n — 1 complement is called monosomy.

sAlthough monosomy for the X chromosome
occurs in humans, monosomy for any of the
autosomes Is usually not tolerated in humans
and other animals.




Monosomy, the Loss of a Single Chromosome,
May Have Severe Phenotypic Effects

* |[n partial monosomy or segmental
deletion, only a section of a chromosome is
lost. One example is cri-du-chat syndrome, in
which a small part of the short arm of
chromosome 5 is lost.
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Trisomy Involves the Addition of a
Chromosome to a Diploid Genome
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Trisomy Involves the Addition of a
Chromosome to a Diploid Genome

* |In trisomy, three copies of one chromosome
are present, so pairing configurations are
usually irreqular. At any particular region
along the chromosome length, only two of the
three homologs may synapse, though different
regions of the trio may be paired.




» \When three copies of a chromosome are synapsed, the
configuration is called a trivalent. In some cases, prior to the
first meiotic division, one bivalent and one univalent (an
unpaired chromosome) may be present instead of a trivalent.
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(@) Struttura trivalente (b) Strutture bivalenti e
monovalenti
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In ognuno dei due casi, due gameti sono normali
e portatori di un cromosoma e due gameti sono
aneuploidi e portatori di due cromosomi.

Figura 13.4 Due modelli di segregazione meiotica nella
trisomia. (@) Tre cromosomi formano una struttura trivalente
durante 'appaiamento e generano solo due gameti aploidi
normali su quattro. (b) Anche un arrangiamento bivalente e uno
monovalente dei tre cromosomi determina la formazione di soli
due gameti aploidi normali.




ndrome results from trisomy of
some 21. Down syndrome has 12 to 14
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nondisjunction of the maternal chromosome 21

during meiosis and shows an increased incidence
with increasing maternal age.
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Down syndrome occasionally runs in families.
These instances, referred to as familial Down

syndrome, Involve a translocation of chromosome
21.

Genetic counseling is recommended for women
who become pregnant late in their reproductive
years. Diagnostic testing—amniocentesis or
chorionic villus sampling (CVS)—may be
recommended.




Other examples of
trisomy syndromes are
Patau syndrome
(trisomy 13) and
Edwards syndrome
(trisomy 18).
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Mental retardation
Growth failure

Low set
deformed ears

Deafness
Atrial septal defect

Ventricular septal
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Microcephaly
Cleft lip and palate
Polydactyly
Deformed finger nails
Kidney cysts
Double ureter
Umbilical hernia

Developmental uterine
abnormalities

Cryptorchidism



* Trisomies are often found In
spontaneously aborted fetuses, but
monosomies are not, which suggests
that monosomic gametes may be very
functionally impaired.




Mosaicism

46, XX

25/30% of Turner syndrome is due to mitotic
non disjunction.

46, XX 46, XX
I I
Proseguimento della Non disgiunzione mitotica
mitosi normale del cromosoma X
45, X0
e X 47, XXX

Cariotipo a mosaico

| soggetti femminili mosaico con sindrome di Turner
presentano cellule 46, XX e cellule 45, XO e possono
anche presentare cellule 47, XXX.




Polyploidy Is Prevalent in Plants

» The naming of polyploids is based on the
number of sets of chromosomes found: a
triploid has 3n chromosomes; a tetraploid has
4n; a pentaploid, 5n; and so forth.
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Polyploidy can originate by the addition of
one or more sets of chromosomes identical to
the haploid complement of the same species
(autopolyploidy) or by the combination of
chromosome sets from different species as a
conseguence of interspecific matings

(allopolyploidy).
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* An allotetraploid arises from
hybridization of two closely related
species. If the sterile hybrid undergoes
a natural chromosomal doubling, a
fertile amphidiploid is produced.




Species 1 Species 2

a, a, a
Al G 92 O3 1
a, G a3 b,
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Polyploidy and evolution

Piccolo farro Erba selvatica

(T. monococcum) (T. searsii)
14 cromosomi 14 cromosomi
(serie AA) (serie BB)
I
Raddoppio dei cromosomi
=~ 10.000 - 12.000 anni fa
Frumento Emmer Erba selvatica
(T. turgidum) (T. tauschii)
28 cromosomi 14 cromosomi
(serie AABB) (serie DD)
Frumento ibrido
21 cromosomi (serie ABD)
I
Raddoppio dei cromosomi
=~ 8,000 anni fa
v
Frumento comune
(T. aestivum)
42 cromosomi
(serie AABBDD)

Figura 13.9 Evoluzione del frumento moderno (Triticum
aestivum).



Variation Occurs in the Structure and
Arrangement of Chromosomes

» Rearrangements of chromosome
segments include

—Deletions,

—duplications,

—Inversions,

—nonreciprocal translocations, and
—reciprocal translocations.




(a) Deletion of D (b) Duplication of BC (¢) Inversion of BCD
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A Deletion Is a Missing Region of a
Chromosome

en a chromosome
aks in one or more
laces and a portion of it
S lost, the missing piece
S referred to as a deletion
or a deficiency). The
eletion can occur near
ne end (terminal

eletion) or from the
nterior of the

hromosome (intercalary
eletion).

(a) Origin of terminal deletion
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A Duplication Is a Repeated Segment
of the Genetic Material

cations arise as the result of unequal crossing
during meiosis or through a replication error
I to meiosis. 1 2 3 4
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(@) Cromosoma 7 normale
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laterali 17 geni laterali OM | M 194050
(b) Allineamento errato dei cromosomi omologhi e crossing- ;

over ineguale

Allineamento errato degli
omologhi e una copia di PMS
su ciascun cromosoma forma
un‘ansa protrudente. Crossing-
over ineguale tra omologhi.
Inumeri1,2,3e4son0i
marcatori laterali che fungono
da riferimento

PMSg

(€) Delezione e duplicazione dei cromosomi ricombinanti

| ricombinanti sono...

3 2
'- e P M.SA/ PMSs " & | Una delezione cromosomica

parziale con un gene ibrido

S rivo dei 17 geni tra i duplicati
Sindrome WBS Si e g p
L PMS, PMSs/PMS, PMS, 4
Assenza di anomalie | Gelne ibfi?o |
fenotipiche I |
17 geni 17 geni

...€ una duplicazione cromosomica
parziale con PMS,, PMSs, un gene ibrido e la
duplicazione dei 17 geni




Organisms have multiple copies of the
ribosomal RNA genes (rDNA). This is an
example of gene redundancy. Gene
amplification Is another mechanism to
Increase the rDNA.
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The Bar-eye phenotype in Drosophila results from
duplication and is a case of semidominance.

(a) Genotypes and Phenotypes

Facet
Genotype Number Phenotype
B*/B* 779
B/B™ 358
B/B 68
BP/B* 45




FISH: In Situ Hybridization In
Metaphase and Interphase
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In Situ Hybridization in Metaphase
and Internhase

! Metaphase 'l Interphase !
Normal
L/ L ) 22
e = (\[Jﬁ / \
9
Ph1  9q+_22q-
\ //'
B 22q- 22 - 22
9 9qg+

Philadelphia translocation
22q- 22 3. 22q- or 9q+ 22

B. Demonstration of the Philadelphla translocatlon in chronic myelogenous leukemia

C. Translocation 4;8 D. Telomere sequences in metaphase chromosomes



FISH

(@) Cromosoma selvatico

o i ; (_-! Minimum size 100-200kbp
to be analysed by
chromosomal bands

(b) Delezione microinterstiziale
f —3
A B €
\‘{La sonda B non rileva}

. T fluorescenza.
(€) Microduplicazione

W

A B C

Due macchie fluorescenti
indicano che il bersaglio
della sonda B ¢ stato
duplicato.

Figura 13.13 Identificazione di microdelezioni e
microduplicazioni cromosomiche mediante FISH. (a) Tre
sonde FISH identificano i geni A, B e C. (b) La microdelezione
di un segmento cromosomico contenente B impedisce
I'lbridazione della sonda. (¢) La microduplicazione causa
I'ibridazione della sonda B ai geni duplicati.



Inversions Rearrange the Linear Gene
Sequence

» An Inversion involves a rearrangement of the linear
gene sequence rather than the loss of genetic
Information. In an inversion, a segment of a
chromosome is turned around 180 within a
chromosome.

*An Inversion requires two breaks in the
chromosome and subsequent reinsertion of the
Inverted segment. An inversion may arise from
chromosomal looping




Inverted sequence



ersion does not
ange the relative
lengths of the two
arms of a
chromosome,

whereas a pericentric

Inversion does.

(@) Inversione paracentrica

Centromero
Rottura
f Segmento
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CANNANNANAN
— N —

Rottura Rotazione del Inversione Eterozigote
del cromosoma segmento libero paracentrica per inversione

_ _ . paracentrica
(b) Inversione pericentrica

Rottura ﬂ
/\ — Segmento
‘J invertito

Rottura
Rottura Rotazione del Inversione Eterozigote per
del cromosoma segmento libero pericentrica inversione

pericentrica



Synapsis of inverted chromosomes
requires an inversion loop

Paracentric inversion heterozygote

A B C D E F

il
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Resultant gametes

A B C D E F
1" Normal sequence

A B C D E F
2 GEIGEEEREEREREIREEmES 2" Normal sequence

3 GENESSESSELSESSESSESD 3 Inverted sequence

4 GEIGEESAELLELLELSELSEED 4" Inverted sequence




Mitosis of parancentric
chromosomes

IS figure shows the effects
of a single crossover
within an inversion loop

for paracentric inversion
heterozygotes. —

As shown, one recombinant \
chromatid Is dicentric (two B
centromeres), and one IS o
acentric (lacking a ————
centromere). T ] s

privo di centromero; il frammento dicentrico

I frammento acentrico viene perso perché |
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Il crossing-over nell'ansa di inversione determina la formazione di due
gameti vitali e di due gameti non vitali.




Translocations Alter the Location of
Chromosomal Segments in the Genome

e Translocation is a movement of a chromosomal
segment to a new location in the genome.

« Areciprocal translocation involves the exchange
of segments between two nhonhomologous
chromosomes and has an unusual synapsis
configuration during meiosis.

(a) Possible origin of a reciprocal translocation




Translocations

(a) Traslocazione sbilanciata

(romosoma
Normal (romosoma con traslocazione
Ormaie_  con delezione
Rottura del Normale
‘Jrrv-cromosoma
Traslocazione
shilanciata
|| " v Sl || m 1w
Selvatico Eterozigote per
traslocazione
sbilanciata
(b) Traslocazione reciproca bilanciata
- Cromosoma
con traslocazione
Normale
Traslocazione
reciproca bilanciata
ROttUra avwns e
<~ Rottura
| I I v | ] n v
Selvatico Eterozigote per
traslocazione

hilanciata



(b) Synapsis of translocation heterozygote




Complesso tetravalente

Metafase |

Segregazione
alternata (~50%)

1
Segregazione
adiacente 1 (~50%)

{ Segregazione adiacente 2

(molto rara)

—
I l Meiosi Il W L l Meiosi Il L
| (ABCD EEG I | (AB.CD. EEG
IV RSl D [N =@=y=VA) Il CAB.CD. .E.SR)
| (AB.C.D. EEG | CAB.CD. EEG | AB.CD. EE®
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La segregazione adiacente 2 & molto

La segregazione alternata separa i
centromeri omologhi e genera gameti
normali

La segregazione adiacente 1 separa i
centromeri omologhi e genera gameti
non vitali con duplicazioni e delezioni

rara perché non separa i centromeri
omologhi; i gameti non sono vitali a
causa di duplicazioni e delezioni

Conclusione: solo la segregazione alternata produce gameti e progenie vitali. Questo tipo di segregazione avviene
in circa meta delle meiosi ed & responsabile della semisterilita degli eterozigoti per traslocazione




Translocations In @
human

yertsonian
slocation or
ntric fusion
volves breaks at
the extreme ends of
the short arms of two
nonhomologous
acrocentric
chromosomes.

Centric fusion Acentric fragments
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Fragile Sites iIn Humans Are Susceptible
to Chromosome Breakage

* Fragile sites are more susceptible to
chromosome breakage when cells are
cultured in the absence of certain chemicals
such as folic acid.



Fragile X syndrome (Martin—Bell syndrome)
IS the most common form of inherited mental
retardation, affecting about 1 in 4000 males

and 1 in 8000 females, and is a dominant

trait.




Fragile X syndrome (Martin—Bell syndrome)
IS the most common form of inherited mental
retardation, affecting about 1 in 4000 males
and 1 in 8000 females, and is a dominant
trait.




