Chapter 12

Chromosomal Rearrangements and
Changes in Chromosome Number
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Sections to study

12.1 Rearrangements of chromosomal DNA

12.2 The effects of rearrangements

12.3 Transposable genetic elements

12.4 Aberrations in chromosome number: Aneuploidy
12.5 Variation in number of chromosome sets: Euploidy

12.6 Genome reconstructing and evolution
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Two types of events that reshape genomes

m Chromosomal rearrangements
= Rearrangements of DNA sequences within one or more chromosomes.
= Changes in chromosome number

= Losses or gains of chromosomes or sets of chromosomes.

Significance:
m Forces that drive the evolution of new species

= Chromosome rearrangement

= Genome duplication
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12.1 Rearrangements of chromosomal DNA

TABLE 12.1 | Major Classes of Chromosomal
Rearrangements

Letters represent large chromosomal regions. Different (nonhomologous)
chromosomes are indicated as red and blue.
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Chromosome breakage and subsequent DNA repalr can result in
all classes of chromosomal rearrangements.

o Deletion

Fig 12.2
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Aberrant crossing-
over at repeated
seguences can also
produce
rearrangements.

Translocation
D




Rearranged
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12.2 The effects of rearrangements

1. Deletions remove DNA from the genome.

(a) DNA breakage may cause deletions

s rd
X rays break

both strands (uuiiubiiGy — GGy

of DNA L— g Deletion of region CDE
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Deletions may have phenotypic conseguences

m Homozygosity for a deletion is
often, but not always, lethal.

m Heterozygosity for a deletion
IS often detrimental. Even
small deletions can be harmful. Wild type

(two copies of Notch™)

m Haploinsufficiency: Half of the
normal gene dosage does not
produce enough protein product
for a normal phenotype.

= Vulnerability to mutation that
Inactivate the remaining copy of
a gene. For example, RB/RB*

Dell +
(one copy of Notch™)

Fig. 12.9 14-9



Deletions In heterozygotes can “uncover” genes

m Pseudodominance — A deletion uncovers the phenotype of a
recessive mutation.

(a) A deletion uncovers a recessive mutation

MR, SRS

Deleted
region

(b) Deletions can be used to identify a gene’s location

I I

st - y—— || st/ st scarlet

st/ Del1 || wild type

st/ Del2 wild type
st/ Del3 scarlet

st/ Del4 scarlet

: e i CITIITIITIITD || st/ Dels || wild type
Fig. 12.6 1410



Polytene chromosomes (% £ % &.4K) in Drosophila salivary
glands can be

fermale

r
1st instar larva

-
-

o

2nd instar larva

3rd instar larva

used to map deletions

SAL|VARY GANGLION
GLAND (BRAIN)

GANGLION ||'
SALIVARY TRACHEA FAT BODY OVARY
GLAND STOMACH INTESTINE

Fig. 2. Diagrams of third-instar larvae of Drosophila melanogaster. A: Lateral view,
showing approximate locations of salivary glands, ganglion, and gonads. The gonad or
testis of the male, here represented, is larger than the gonad or ovary of the female, shown
in B. (After unpublished drawing by C. B. Bridges.) B: Dorsal view of female larva,
with additional detail. (Adapted from E. Strasburger.)




m Interphase chromosomes
replicate 10 times.
s Each chromosome consists
of 219(1024) double helices.
s Reproducible bands
provide detailed physical
guide to gene mapping.

= Total of about 5000 bands
ranging from 3 kb to 150 kb.

(b) Alignment of chromatids in polytene chromosomes

Right arm of
chromosome 3

€
Iy

&
Q

e,

%{:ﬁ‘i- n ‘ll."‘l '

Chromocenter
(heterochromatin)

9‘*‘“ ¥
= X chromosome

Right arm of

Left arm of
Ghromﬁs::-me 2

pe

chromosome 2 ﬁ
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= Drosophila deletion heterozygotes form visible deletion loops In
the paired polytene chromosomes
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Deletions can be used to locate genes

= Deletions to assign  [EEE == - ‘
genes to _bands on Band numbers 11 2 34 561123 456 7 8 91011
Drosophila : e
polytene ofbanded
chromosomes. polytene YOMUPD,

chromosome

. Complementation
tests crossing
deletion mutants deletions heterozygote
with mutant genes
of interests.

Phenotype of
Specific mutation/Del

Df 258-45 w~rst* fat

Df 67¢c23 w~rst* fa’
m Deletion Df N8 w™rst™ fa”
heterozygote Df 264-32 I w* rst™ fa-
reveals Df 264-33 1 w* rst* fa-
chromosomal rst \fa
location of mutant Regions of genes
gene. Drosophila white (w*), roughest (rst*), and facet

(fa*) genes on the X chromosome
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2. Duplications chromosomes have extra copies of some genes

Duplications add
material to the
genome.

Fig. 12.8

a) Types of duplications

andem duplications

Same order A e © 5 PG

Reverse order A kel O E PG

ontandem (dispersed) duplications

Same order A e D E T el G
everse order AN el POE T e G

b) Chromosome breakage can produce duplications

X rays break one
chromosome in two places

MNontandem duplication

X rays break homologous
chromosome in one place




Duplications can affect phenotype

(a) Duplication heterozygosity can cause visible phenotypes.

= Novel phenotypes R s = Aberrant
wing veins
= More gene copies.
Wild-type wing: Three copies of Notch* gene
m Genes next to two copies of Notch* gene
duplication displaced to
new envi ronment (b) For rare genes, survival requires exactly two copies.
altering expression. : Living fly
(two copies Tpl™*)
Lethal
(one copy Tpl*)
- . . Lethal
Drosophlla (three copies Tpl*)
Triplolethal (Tpl™)
locus

Living fly
(two copies Tpl™)




Unequal
crossing over
between
duplications
INnCcreases or
decreases gene
copy humber

Fig. 12.10

Genotype of X chromosomes Phenotype
Wild-type eye
Wild type o

b4
16ALI6A.

Double-Bar
Out-of-register pairing
during meiosis in a Bar-eyed female

Double-Bar eye

LA6ALIGA.

b Number of 16A
e regi i .
/ gions increased; &
/ Number of 16:"&_ more border regions
/ regions decreased,
no border region

_id6A

Dp breakpoint causes
Bar-eyed phenotype
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3. Inversions reorganize the DNA sequence of a chromosome

= Produced by half
rotation of
chromosomal regions
after double-stranded

break.

m Also by rare crossover
between related genes
In opposite
orientation or
transposition.

Fig. 12.11

(a) Chromosome breakage can produce inversions.

Pericentric inversion Paracentric invarsion

Foints of breakage Foints of breakage

; ; 4

~ 180" rotation _. ~180° rotation .

Sl s
Q- W5 RPN O - N SR M o " ¢ -

(b) Intrachromosomal recombination can also cause inversions.

Wild-type -

~chromosome
1 F -
' _l : _D
A B CD E

| %

A DGE E

Inversion
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An Inversion can affect phenotype If it disrupts a gene

(c) Inversions can disrupt gene function.

Breakpoint ¥ gene Breakpoint

-

o

180~
__T'DTEI.'[IEI'I'I

_‘_-———-_'_._

l

Drosophila yellow (y+) gene

Inversion
Infiv?

Fig. 12.12 14-19



Inversion heterozygotes produce few, If any,

Pericentric
INnversion
heterozygote

Fig. 12.14
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Paracentric
INnversion
heterozygote

Fig. 12.14
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Balancer chromosomes are useful tools for genetic analysis

Balancer

m Balancer chromosomes chromosome

= Carry multiple overlapping
Inversions that prevent
recombination with normal

chromosome.
m Carry a dominant marker ol S
that produces a visible with mutations
of interest
phenotype.

Key
Breakpoints of
pericentric inversions

Breakpoints of
paracentric inve

Fig. 12.15 14-22



Hermann Muller’s
experiment on X-ray’s

mutagenic effect

X rays
o}
= X
b §
F, Bar-eye females
Individual matings:
F, Bar-eye ¢ Wild type &
T —
Bar X
BT TV W N L
If Fy female has an X-ray-
induced recessive lethal on X
m * Bar
B N Y L A
(Dies) Bar-eye

F, Bar-eye ¥ wild type &

Bar 'Y

T T a (R W N

Non-Bar-eye

If F, female has no X-ray-
induced recessive lethal on X

* Bar
P P e

Bar-eye O




The evolution of the human Y chromosome

SHY

AtTosomes Proto-Y Proto-X ¥ Y X Y X

R

: & AT XY in XY in XY in XY in
s S maonotremes marsupials non-simian humans

placental mammals

=
X




4. Translocations attach part of one chromosome to another
chromosome

m Translocation — part of one chromosome becomes attached to
nonhomologous chromosome.

= ~ 1 of every 500 humans is heterozygous for some Kind of translocation.

m Reciprocal translocation — two different parts of chromosomes
switch places.

(a) Two chromosome breaks can produce a reciprocal
translocation.

T |

Reciprocal o
e g

Chromosome breaks * Chromosome breaks

o _
P Y ° S Y v WO < B — v .
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A reciprocal translocation helps cause chronic
myelogenous leukemia (CML 2 M4 48 el & A5 )

(b) The genetic basis for chronic myelogenous leukemia

Normal 9 Normal 22 Rearranged chromosomes

Reciprocal
translocation

T

lntron
r Exon

%Breakpc}int gareakp{)int

c-abl gene ber gene

- =

c-abl mBNA

Leukemic

Fig. 12.16




How Gleevec treats chronic myelogenous leukemia?
(#5| I, ImtiEsENovartish| 2y /23))

BCR-ABL  \_ g ( BCR-ABL  \_
oncopioleln” | oncopigigl)

S S S
N : NS

. CGATP-P-B-®

Chronic Chronic
myelogenous myelogenous
leukemia leukemia




Robertsonian translocations can reshape genomes and
contribute to evolution

m Reciprocal exchange between two acrocentric chromosomes
generate a large metacentric chromosome and a small

chromosome.
m WIll reduce chromosome number if the small chromosome Is lost.

Acrocentric
chromosomes

\

Large metacentric chromosome Small chromosome

Fig. 12.18 14-28



Rapid chromosomal rearrangement in house mice
on the island of Madeira

Robertsonian translocations generate different populations of
mice with 2n=24, 2n=22 chromosomes. (2n=40 for common
Nouse mice)

Populations are close to becoming two species after colonizing
the island only 600 years ago. s

Population |
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24 3.14
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Chimpanzee

Human Gﬂri:gi : H:man ;
The human [ rangutan chromosome
chromosome 2 may ; = g
be generated through = . o
a Robertsonian E 3 §
translocation 1 & =
= t J
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Chimpanzee Gorilla Orangutan SR “*’d e W W
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in great apes; their subsequent
fusion could have generated
chromosome 2 in humans.
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12.3 Transposable genetic elements

m Transposable element: DNA segment that is able to move from
one place to another in the genome.

m [ransposition: The movement of transposable elements
from one place to another in the genome.

NG

— N .

L
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= Found in all organisms. Selfish DNA carrying only information
to self-perpetuate.

= Marcus Rhoades in 1930s and Barbara McClintock in 1950s found
transposable elements in corn.
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Wild type

(b) TEs cause mottling in corn.

Nonfunctional

Unstable

. Ds | Dissociator (nonautonomous)

Fig. 12.20, 12.25 14-34



Transposable elements can be divided into several types

m Insertion sequence (IS)

m [ransposon (Tn): Transposable elements that move from one
place to another in the genome without an RNA intermediate.

m Retroposon: One type of transposable elements that transpose
via reverse transcription of an RNA intermediate.
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Insertion
sequence

Composite
transposon

Complex
transposon

—>

Inverted repeat Transposase Inverted repeat

Kan* Blef

Cam’

Strf

Amp'

1S50

1500bp

IS

768bp

IR
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i e T S SR —. PS> |
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R res
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merR

_..—..,

Tn2] @—EEE—H—EE%
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Sul”

Strrf

Mer"

merRk
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Transposons encode transposase enzymes that
catalyze events of transposition

Transposase enzyme recognizes inverted
repeats and excises the transposon.

Genomic DNA
— at original

J : . .
‘ ‘ / insertion site
)
i
———— T —— s ————— e ————

St 3

GGTGTACAAGT ACTTGTACACGCC
CCACATGTTCA 11ansposase gene -~ \c A TGTGG

F'uae '
i - S ——— i .
1.-.. i||'

~— Inverted repeats (IR) —

— ]

Transposon

Fig. 12.23 14-37



(b) How P element trans pusus move

F element
excised

P element in original
genomic position

5 F element
TCAATGAT __
AGTTACTA

—_ TCAATGAT
AGTTACTA .

—

Transposase

BI

'

Repair of gap using a sister chromatid or homo-
logous chromosome containing a P element

5. Y 5 -
3'ess ‘5’ 3 5
5 3'
3 5
'
5 3
3 5
5 =
3 5

O [
Transposon remains in original position

—

5|

al

Transposition of P element to new location "'*«h\
S TTACGAAT = __ TTACGAAT
3 AATGCTTA AATGCTTA 5

Excision of P element leaves
a gap at its original location

BI 5[ HI
=) 3 9

J Exonucleases widen the gap

3 5' 3
5' l 3" 5
i Repair of gap using a homologous
e T— chromosome lacking a P element
_,-'"-F'-F -\-‘-\--\_‘"—\-
"-\__\_\_\-‘- o 5| - EI 5| BI
3 i 5- 3- 5.
5' 3
3 =]
L
g "
<) 5'
5 3'
3 5'

1 |
Transposon no longer
al ariginal position




Retroposons generate an RNA that encodes a reverse
transcriptase-like enzyme

m [wo types a) Two kinds of retroposons.
- 3 Genomic Genomic

= POIy'A ta.-ll at 3 end DMNA, HEtrﬂpﬂEﬂﬂ DMNA

of RNA-like DNA 5 — T 3' RAMNA-like strand

strand . Reverse transcriptase gene H%ﬁ*

- ... ARSRIENRRRARIRARE ~5' Template strand

m | ong terminal Direction of transcription

repeat (LTRs)

Genomic Genomic

oriented in same
direction on either 1§ _
end of element | LTR  Reverse transcriptase gene EE‘..
3' ! .
Direction of transcription

LN A, Hetroposon DMNA
EI

5-
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| TABLE12.2 |

LINES and SINES are poly-A type retrotransposons: LINES encode an RNA-binding protein and reverse transcriptase (the ORF1 and pol genes) that
enable their mobilization after pol Il transcription, while SINES, derived from pol Ill transcripts (such as tRNAs), rely on the LINE-encoded proteins
to move after transcription by pol lll. HERVs are LTR-type retrotransposons that, in addition to a pol gene, can include gag and env genes encoding
retroviral coat proteins. DNA transposons in other organisms move due to the action of transposase enzyme on the inverted repeats at the ends
of the transposon. Because of mutations in the genes they carry or in the end sequences needed for transposition, only a few LINEs and SINEs in
the human genome are able to move; the HERVs and DNA transposons in the human genome are immobile relics.

Element Structure Length Number Genome
(kb) fraction

Retrotransposons

LINESs i -l . |aA 1,000,000

2,000,000

HERVs ' I | env |[LTR 600,000

DNA transposons

_— ltransposase| — 400,000

| B

e
f I i
Mozl ]

4,000,000




How do
retroposons
move?

Fig. 12.22

_____Sbprepeat _
of target DNA .

i . 2

| Retroposon at original
genomic position

Translation lTrar‘lE‘-Eripli{}n

PP RMA transcript
\ 8

Reverse transcriptase

3 } Reverse
* transcription
e B . :
LTH LTRH

3" | Double-stranded cONA
= copy of retroposon

Insertion into new site
in the genome
—— 5 bp repeat .
of new target DNA ™=

alclalalT

'Fi'etrr::pnsnn |




(b) Retroposons move via RNA intermediates.
’ ~ Plasmid

Coding
reqion

LTH

Yeast Tyl
retroposon

:-*; .

Yeast genomic DNA J

Fig. 12.21



Genomes often contain defective copies of transposable
elements

= Autonomous transposable elements — Able to move by
themselves.

® Nonautonomous transposable elements — Some deletions
generate defective TEs that can not move on their own, but

require the activity of non-deleted copies of same type of TE for
movement.

= A deletion removes one of the inverted repeats at one end of a
transposon, e.g. most SINEs and LINEs.

= A deletion removes the promoter needed for the transcription of a
retroposon.
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TEs can generate mutations in adjacent genes

Many spontaneous mutations in the white gene of Drosophila
arise from insertions of TEs such as P, copia, roo, or Doc.

w°" pogo (in Doc)

Direction of transcription

Fig. 12.24 14-44



TEs can generate chromosomal rearrangements
and relocate genes

(a) Unequal crossing-over between TEs.

Transposable element

.

Duplication —s

A

DeletionN m—

(b) Two transposons can form a large, composite transposon.
i w* i
e —
—
IR
Composite transposon can move to new location.




12.4 Aberrations iIn chromosome number:
Aneuploidy
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m Diploid — carry two complete sets of chromosomes as those
present in the gametes.

Chromosome 1 Chromosome 2 Chromosome 3

Diploidy (2x): Two copies of each homolog XX j{x

(b) Delphin

(c) Plants

(d) Mouse

(e) Humans



Aneuploid (FEZA4Z4K):
An individual whose chromosome number is not an exact multiple
of the haploid number (n) for the species.

s Monosomic (324K): Individual
lacking one chromosome from
the diploid number (2n-1) for
the species.

s Trisomic (=4&)): Individual o
having one extra chromosome Nullisory
In addition to the normal
diploid set (Zn+1) of the species. EEEETL

m Tetrasomic (W4R): Individual
having two extra chromosomes
In addition to the normal
diploid set (2n+2) of the species.

| TABLE 123

Chromosome 1 Chromosome 2 Chromosome 3

Trisomy

In this theoretical organism, n = 3.
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Aneuploidy Is
harmful to humans

= Monosomies usually
lethal

= Trisomies — highly

deleterious

Chromosomes

Autosomes

Trisomic 21

Trisomic 13

Trisomic 18

Sex chromosomes, females
XO, monosomic

XXX, trisomic
XXXX, tetrasomic
XXXXX, pentasomic

Sex chromosomes, males
XYY, trisomic

XXY, trisomic

XXYY, tetrasomic
XXXY, tetrasomic
XXXXY, pentasomic
XXXXXY, hexasomic

Syndrome

Down
Patau

Edwards

Turner

Normal

Klinefelter

Frequency
at Birth

1/700
1/5000
1/10,000

1/5000

} 1/700

1/10,000

About 0.4% of all babies born have a detectable chromosomal abnormality that

generates a detrimental phenotype.




Down syndrome (DS)

m First described by British physician John L. Down in 1866.

m [risomy 21, 1in 700 occurrence at birth in the U.S.

= Mental retardation, slow growth, atypical fingerprints
= Male infertility

flattened

nose and face,
upward skanting
eYes,

h}

D{J W n Ir 5 S }J ﬂ d.r{,] mE fifth finger that l-—-;""_:l-'- ) .- | first and second

single palmer '
crease, short

widely separated

curves inward

" toes and increased
e aludd ol aee the el Iroon thrir poind of varw e |

; skin creases




Humans can tolerate X chromosome aneuploidy because X
Inactivation compensates for dosage

Barr body
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Several genes near the centromere and T T——
telomere can escape X chromosome PRSI b

i

Inactivation

m XO women (Turner syndrome,
short) and XXY men (Klinefelter
syndrome, tall and long-limbed)
usually display skeletal
abnormalities.

= Due at least in part to abnormal Kiinefelter syndrome

dosage of the 30 PAR genes In
somatic cells.

= One PAR gene, SHOX (short stature
homeobox), encodes a protein
Important for bone development.

: Active I ¥ Inactive Y-linked PAR regions
Flg- 12288' X-linked genes !— X-linked genes genes £3 (active)




(b) Germ-line cell sex chromosomes

Turner syndrome
Normal female female

£ 3
¥
X

m XO women are usually infertile.

= Due to defects Iin X chromosome
reactivation in oogonia.

= XO women have only one X
chromosome and may undergo
defective oogenesis.

m XXY men are usually infertile.

= Due to defects In X chromosome
reactivation in spermatogonia. S

= Two XX chromosomes cause
defective sperm production.

Klinefelter syndrome

: Active I ¥ Inactive Y-linked PAR regions
Flg- 1228b X-linked genes !— X-linked genes genes £3 (active)



Aneuploidy results from meiotic nondisjunction

(a) Mondisjunction can occur during either meiotic division.

First meiolic  Mondisjanction during
division _first meiotic division,__

second meiotic Nondisjunction during
division second meiotic division

Gametes

Fertilization Fertilization neuploid
e ™ ametes

Zygote

Monosomic Trisomic Diploid

Trisomic Monosomic
(2n+ 1) 2n

(20 + 1) (2n-1) (2n—1)

Fig. 12.29




(b) Aneuploids beget aneuploid progeny.

Germ cell
I N & monosomic
individual

First meiotic
division

Second meiotic
division

MNormal Mormal

() ()
Gametes

Fig. 12.29

: \

n-1 n-1

y Germ cell
IX ‘ in a trisomic
individual

First meiotic
division

Second meiotic

division

n+1 n+1 Mormal MNoarmal
() {n)
Gametes




Mistakes during mitosis can produce clones
of aneuploid cells

| M ItOth a) Mitotic nondisjunction n) Mitotic chromosome loss
Diploid cell at metaphase Diploid cell at metaphase

nondisjunction

= Failure of two sister
chromatids to separate
during mitotic
anaphase

= Generates reciprocal
trisomic and
monosomic daughter

Cel IS Nondisjunction of one set Lagging chromatid at
of sister chromatids at anaphase anaphase is lost. Aneuploid
| C h Fomosome I 0SS produces E.nEl.lFrle daughter cells. daughter caill produced.

= Produces one
monosomic and one
diploid daughter cell

@

Trisomic cell Monosomic cell Monosomic cell Mormal diploid cell

Fig. 12.30 14-56



= Aneuploid mosaics — aneuploid and normal tissues lie side-
by-side.

= Aneuploids give rise to aneuploid clones.

Sex comb
- ‘\"

Gynandromorph

m A rare genetic mosaic with both
male and female tissue on the same
body, usually Iin equal amounts.

m Results from losing one X
chromosome during first mitotic
division of a Drosophila female
Zygote.

Fig. 12.30 14-57



12.5 Variation in number of chromosome sets: Euploidy

m Euploid (Z£%44) : An individual that carries complete sets of
chromosomes.

= Monoploid (haploid)- carry only a single set of unpaired
chromosomes.

m Polyploid — carry three or more complete sets of chromosomes.

Chromosome 1 Chromosome 2 Chromosome 3

Diploidy (2x): Two copies of each homolog Xx j{x j{j{
Monoploidy (x): One copy of each homolog X }{ %
[/

Polyploidy: More than the normal diploid number
of chromosome sets

Triploidy (3x): Three copies of each homolog X XX XX x
Tetraploidy (4x): Four copies of each homolog XXXX XXX X X K}{x
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In animals, monoploid and polyploid are rare

Monoploids
= Males in some species of ants, bees, and wasps.

= Developed from unfertilized eggs.

= Males produce gametes through a modified meiosis, which ensures
that all the chromosomes are distributed into one cell, the gamete.

m Certain species of fish and lizards.

Polyploids

m Goldfishes (tetraploid), earthworms (hermaphrodite).
m Triploid and tetraploid female Drosophila.

14-59



In plants, polyploids are common

m “X” Indicates basic chromosome number - the number of
different chromosomes that make up a single complete set.

m “‘n” Indicates the number of chromosomes in the gametes.

Diploid species: n = X
Polyploid species: n # X

Bread wheat, x = 7.
The plant (hexaploid) has 2n = 6x = 42 chromosomes.

Its gametes (triploid) has n = 3x = 21 chromosomes.
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Monoploid plants carry a single copy of each chromosome
and are usually infertile

ow to create a monoploid plant

Diploid plant

= _ : , 3. Embryoids
: 1. Haploid pollen grains are raatad with

ﬂcﬁagmg;::ed and plated onto olant hormones

4. Monoploid plant
(usually sterile)

2. Growth of haploid
embryoids

Fig. 12.31 14-61



= Monoploid plants have many uses:
= Visualize recessive traits directly
= Introduction of mutations into individual cells
m Select for desirable phenotypes (herbicide resistance)

(b) Using monoploloid plants to select for herbicide resistance 7. Cells can be grown intc

1. Monoploid plant sensitive 4. Resistant monoploid diploid homozygous
to selective agent (sterile) resistant plant (fertile).

2. Cell walls of somatic . 4 8. Treatment of _
cells removed, somatic cells with

cells exposed to 3. Cells with resistance : colchicine

mutagen; plated mutation grow - l
on agar containing into resistant
selective agent embryoids. 6. Cells become diploid

Fig. 12.31 14-62



Treatment with colchicine (Ak7K4L%) converts monoploid
cells that express desired phenotypes to homozygous
diploid

(c) Using colchicine to double chromosome numbers

Normal mitosis

OO 00

Metaphase Anaphase Two daughter cells (n)

Mitosis with colchicine treatment

OO0

No spindle forms No chromosome  One daughter cell
movement to (2n)
poles of cell

Fig. 12.31



Polyploidy has accompanied the evolution of many
cultivated plants

m 1/3 of known flowering plants are polyploid.
= Polyploidy often increases plant size and vigor.

m Often selected for agricultural cultivation
= Triploid — banana
= Tetraploids — peanut, alfalfa, coffee, Maclntosh apple, Barlett

pear :
= Octaploid - strawberry Frne A
. i '. o ‘ '; ‘ir“ j.“_
e .' """ '{*':: :, § Vi
Octaploid Diploid

Fig. 12.34 14-64



Tetraploids:

m Arise from failure of chromosomes to separate into two daughter cells
during mitosis in diploid germ cells.

m In plants, tetraploid can be genetrated by colchicine treatment.
m Tetraploids are often source of new species.

(a) Generation of tetraploid (4x) cells

Defective mitosis,

Diploid (2x) interphase Mitotic metaphase Ehrﬂrpﬂsomesﬁremain
cell (x=2) in 2x cell in same cell

Tetraploid (4x) cell

Fig 12.33 14-65



Triploids:

m Result from union of
monoploid and
diploid gametes

= Almost always sterile.

= Melosis produces
unbalanced gametes.

{a) Formation of a triploid organism

Meiosis in tetraploid (dx) Meiosis in diploid (2x)
parent parent

: |

D

Diploid (2x) gamete Monoploid (x) gamete
T~ Fertilization _—"

Triploid (3x) zygote

(b) Meiosis in a triploid organism
Triploid cell

; w 5
' ,
7 N

Y Meiosis |

||lII
¢ - Meiosis Il

V1Y

Unbalanced




The creation of
seedless
watermelon, a Diploid (2n=22) Tetraploid

triploid pollen (4n=44)
Y egy

F1 hybrid (3n=33), a sterile triploid

Pollinate with
normal pollen

Diploid (2n=22)

“Seedless” fruit
14-67



Some polyploids have agriculturally desirable
traits derived from two species

= Allopolyploid (5+7% % 1%4&) — Polyploid hybrids in which the
chromosome sets come from two or more distinct, though
related, species.

= Nearly all allopolyploids are infertile.

s Amphidiploid (3XA=424x) — Organism produced by two diploid
parental species. They contain two diploid genomes, each one
derived from a different parent.

= Arise from chromosomal doubling in germ cells.
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The creation of Triticale

m Cross between tetraploid
wheat and diploid rye
produce a new crop with
desirable traits.

Triticale

Fig. 12.35

(a)

¥
Parents /f’{t Wheat X

Tetraploid 2n,(=4x,)=28 Diploid 2na(=2x5) = 14

1 l

Gametes nil=2x4)=14 Ma=T7

~

9 — Hybrid seed
(ny+ no=14 4+ 7 =21)

Germination l

ny + Ny plant
(sterile)

Treatment with colchicine
causes chromosome doubling
in germ cells.

Fertilization with
. “doubled" gametes

Triticale seeds

Germination

Fertile Triticale plant
(2n,+ 2n3)




The creation of
Raphanobrassica

m Georgl Karpechenko, a

Russian cytologist, In Brassica (2n1=183Y Raphanus (2n2 18)
1927.

s Cross between Cabbage F1 hybrid (2n1+2n2=18), sterile
Brassica oleracea and JColchicine treatment
radish Raphanus
sativus.

Raphanobrassica (2n1+2n2=36), fertile
14-70



12.6 Genome restructuring and evolution

Human chromosomes

m Genome duplication
m Chromosomal rearrangements

186 ¥id-y 45 148 v+ AB1 239 -320u 120, 221 X Y

Genome duplication in ancient common PR 5 s v R ]Mhmm
ancestor of all cereal grasses (5 chr). Rice M2 13 14 15 16 17 18 19 X v K

genome (12 chr) shows duplicated regions.  Comparison of human and mouse genomes
Fig. 12.36, 9.21 reveals chromosomal rearrangements.; ;.-



Rapid chromosomal rearrangement in house mice
on the island of Madeira

Robertsonian translocations generate different populations of
mice with 2n=24, 2n=22 chromosomes. (2n=40 for common
Nouse mice)

Populations are close to becoming two species after colonizing
the island only 600 years ago. s

Population |

&
B "'ag B

24 3.14

9.12
Population |l

TR (1

2.19

in ¥

g_7 I 9.10 .12



