Kromozom Yapi Degisimleri
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Fare kromozomlari insan kromozomlarinin 170

parcaya kirilmas ile olusturulabiliyor.
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TABLE 13.1 Chromosomal Rearrangements and Changes in Chromosome Number

Chromosomal Rearrangements
Before After

Deletion: Removal of a segment of DNA D2l Sl B4 H8e — el B 5h-67| 8+
Duplication: Increase in the number of copies of a ol ey oD B Tb 8 ——+ ey D) 7| 8.

chromosomal region

Inversion: Half-circle rotation of a chromosomal region il 516 1718 ' k] 516,78

l—l
180° rotation

Translocations:

Nonreciprocal: Unequal exchanges befween Ww

nonhomologous chromosomes
Reciprocal: Parts of two nonhomologous 2304508078, (23[4is].5..617(8.
chromosomes trade places 121431445 16718. 121314 H6adZid8.

Transposition: Movement of short DNA segments from {24 l5 blZ8y — (1204056 Lal I8

one position in the genome to another
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(a) DNA breakage may cause deletions

g

X rays break F—

both strands (GuuBuuGuBisieimnGy — GubulinGy
of DNA ‘ g Deletion of region CDE

Delesyon (b) Detecting deletions using PCR

s \Nlild-type PCR product

‘ No deletion
PCR primer 1 ——
g;  —————— g' Wild type

3 PCR primer 2

Deleted DNA

Y
PCR primer 1 —

g, e —S— g Deletion (Del)

S PCR primer 2

s Deletion PCR product



Delesyon heterozigot halde fenotipi
degistirebilir.

Wild type
(two copies of Notch™)

Del | +
(one copy of Notch™)



Delesyonlu kromozomlarin eslesmest
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(a) Form;{i'on of‘ a deletiorv\' It;o|;

Deletion
Normal 160p
homolog

Homolog —A—B —— — F G _

with a deletion



(b) A deletion loop in Drosophilia polylene chromosomes
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Deletion has

St d th
Normal CEE G | (COVOroT IO
— T ————. A———— mutant gene-

Phenotype is
Deleted scarlet (mutant).
region



Genetik haritalamada delesyonlarin kullanimi

Regions | >
Band numbers |1 23456 |1 23 456 7 8 91011‘

——9 ¢

Small segment

of banded
polytene
chromosome

Phenotype of
Specific mutation/Del
deletions heterozygote
Df 258-45 w~ rst* fa*
Df 67¢c23 w~ rst” fa*
Df N8 w~rst™ fa”
Df 264-32 w* rst” fa”
Df 264-33 w* rst* fa~

Regions of genes



Delesyon haritalamasinda molekiiler yontemler de
kullanilabilir (in situ melezleme)

(a) Characterizing deletions with in situ hybridization.

386
385\ 11x3C1 - Hybridization

ggg : 3c2 With DNA probe

I B =B TR Wil type
IR R 1 €0 1| or2s84s

381 382 3C4 3C53C6 3C7



Delesyon haritalamasinda Southern blot

(b) Probing the location of a deletion breakpoint.

Left breakpoint Right breakpoint
of Df 258-45 of Df 258-45
x '
REsite 1 REsite ' RE sites
1
| ' 1 . l/ I'/ Wild-type
L (8 ! x | " chromosome
Thal. Tt idBobad «BmbeB. ProbeC.
o < Seo 2 :
o X '
™ i '
e i '
' Ssd ' Df 258-45
—4- — et chromosome
- Probe C.

(c) Southern blot results
Heterozygote Df 258-45/ +

Probes A B C

Homozygote +/+

Probes A B C



Duplikasyonlar

(a) Types of duplications (c) Different kinds of duplication loops

Tandem duplications Duplicated chromosome
Normal chromosome - (4 guateRubul fuuGd Kﬁ (f 2
- We i) D
Same order A ki 0 5. G
A e . A et O A
Normal chromosome
Reverse order  (AuuilsiuiuniinuDu bl Gy

Nontandem (dispersed) duplications Mayo Zda Kromo 7Zom CSIGSmCSi

Same order (Al D E F el G
Reverseorder A subluelin D _E F_ e G

DNA replikasyonu sirasinda
Homolog olmayan krossin over’ler



(a) Duplication heterozygosity can cause visible phenotypes.

A TN . 4 . - “ I
» X R
TN A

= -» ~ . ~—— Aberrant
\ ) | - -— wing veins

Wild-type wing: Three copies of Notch* gene
two copies of Notch™ gene



(b) For rare genes, survival requires exactly two copies.
S e—— ] + Living fly
[ R—"- =~  S— + (two copies Tp/™)

i —— ). Del Lethal
I Tal I + (one copy Tpl*)

Y IRRRR—- - < J— - - — Dp Lethal

(three copies Tpl?)

[ — - - —
e dalf  dalf 1 Dp  Living fly
I — I pel (two copies Tpl/¥)



Genoi\'/;;e ochhromosdmeé ' Phenotype -
Wild-type eye

J6A.
Wild type

-~ J16AL16A.

Bar

. ulbAL16ALI6AL
Double-Bar

Double-Bar eye

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

Gene copy
number decreased

Gene copy
number increased

16A J6ALIGALIGA.




Gen aileler1 6rn. Hemoglobin genler
duplikasyonla olusur.



Inversiyon

(a) Chromosome breakage can produce inversions.

Pericentric inversion Paracentric inversion
Points of breakage Points of breakage
. 1
S, P - é i
180° rotation 180° rotation

(b) Intrachromosomal recombination can also cause inversions.

Wild-type E ks

chromosome
-—H—.
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Inversion




(c) Inversions can disrupt gene function.
Breakpoint y*gene Breakpoint

rotation
1

[ —
In(1)y*

Wild type




Inversiyon loop
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_~—— Inversion loop
formed during
meiosis

Normal
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Inverted
chromosom
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|a) Pericentric inversion
heterozygote
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(b) Paracentric inversion
heterozygote

Al o Bk

WA 8 c 0 €

Normal chromosome

& d [ [d] -
§ ) [ b .

X

inverted chromosome
Pairing during
mewsis |
Crossover
In nversicn c

loop

separation
during anaphase

l Chromosome
of meiosis |
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l Chromosome
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Balancer
chromosome

m; m> Normal
chromosome
with mutations
of interest

Breakpoints of
paracentric inversions

Key
Breakpoints of
pericentric inversions



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

I g o E =
Remprocal o
Chromosome breaks * Chromosome breaks

(b) Chromosome painting reveals a reciprocal translocation.




Robertsonian translokasyonu

Acrocentric
chromosomes

\ oo~
 ——
Large metacentric chromosome Small chromosome
A Robertsonian translocation




(a) Leukemia patients have too many white blood cells.

Normal

Leukemic

(b) The genetic basis for chronic myelogenous leukemia.

Normal 9 Normal 22 Rearranged chromosomes
Reciprocal
translocation
——
ber, 1R <~

g Breakpoint § Breakpoint

c-abl gene bergene

l |
s =

c-abl mRNA ber mRNA

Hybrid
—bcr/c-abl
gene

PCFl primer

PCR‘p-rimer

Hybrid ber/c-abl gene
beric-abl mRNA

Abnormal fused protein



(@) Segregation in a translocation homozygote (b) Chromosome pairing in a translocation

t - T heterozygote
U u
15 t
T\1 S » N2
A B C\D r q p
Normal
segregation el P —
during a b c d \R Q P
meiosis
Nt € E'r
(normal) f F
(c) Segregation in a translocation heterozygote (d) Semisterility in corn
Segregation Alternate Adjacent - 1 Adjacent - 2
pattern (less frequent)
Balanced | Balanced | Unbalanced | Unbalanced | Unbalanced | Unbalanced
N1+ N2 T1+ T2 T1+ N2 N1+ T2 N1+ T1 N2+ T2
a p| A P A P a (e a A P P
Gametes b qg| Bl |Q@| Bl |g bl |Q by |B q| |Q
c r|c R C r c R c C r R
99 99 9?9 99 99 99
d s| D E D s d E d D s E
e t S = S t e F e S t F
f ul T T u f f T u
u U u
Type of
progeny (noE,F)| (no S, T)
when mated | abcdef | ABCDEF None None None None
with normal pqrstu PQRSTU | surviving surviving surviving surviving
abcdefpgrstu
homozygote




Translokasyonlu Down

g e g e — e g -

14 Il

saet?;?gatlon Alternate Adjacent-1 Adjacent-2
Gametes @ .
21 | 21 21
14 x 14g21q 14921q 14q21q E
Balanced Balanced Unbalanced | Unbalanced :Unbalanced EUnbaIanced
normal i Robertsonian : :
i translocation
Fertilization Normal Normal Down Lethal Lethal Lethal
with normal phenotype ! phenotype syndrome
gamete i (carrier)
21 114 14q21q 14 14q21q e 14 14q21q
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Transpospozisyon: Kiigciik DNA parg¢alarinin hareketi




copia TE




Transpozabl elementler

Genom i¢ersinde hareket edebilen DNA parcalari

. 50-10,000 bp

Kopya sayis1 1 den 100e ve 1000e kadar degisir
Memelilerde TEs: LINES (L1) ve SINES (Alu)



(a) Alu SINEs in the human gendme.

0.28 kb Alu units: ~300 é d .
dispersed throughout h%%ié; ?&Lg]nco%ées
-

‘ at ~10 kb intervals
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(b) TEs cause mottling in corn.




Retropozonlar: RNA ara molekiillerinin transkripsiyonu
ile olusurlar.

(a) Two kinds of retroposons.

Genomic
DNA Retroposon

|
2 A[A[A[A[A[A[A]A[A
aiid HiikiikikL

 —
Direction of transcription

Genomic
DNA

+3' RNA-like strand

~5' Template strand

Genomic
DNA

Genomic
DNA

Retroposon

Direction of transcription

(b) Retroposons move via RNA intermediates.

Plasmid
Intron from
another yeast
w gene

Transcnpllon

LTR

Yeast Ty1
retroposon

.,wf?vm

* Splicing
Intronless mRNA

Primary transcript

PAINPII IS

'

* Reverse transcription

B

l Ty1 inserted into l

Double-stranded
copy of Ty1 retroposon

yeast genome
without intron

\Yeast genomic DNA )

Retrovirus (RNA tiimor viriisii)
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i (c) How retroposons move.

5 bp repeat
»~— offarget DNA

5o =
& —— - wiis O
| |Retroposon at original

genomic position
Translation lTranscription

o‘\ - BNA transcript
2 2

[
Reverse transcriptase

5.

} Reverse
* transcription

3‘.-.

g Double-stranded cDNA
copy of retroposon

Insertion into new site
in the genome

5 bp repeat
" ofnew target m«

Retroposon




Transpozonlar
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(a) Transposon structure

Transposase enzyme recognizes inverted
repeats and excises the transposon.

Genomic DNA
at original

‘ ’ ‘ insertion site
- | w3

GGTGTACAAGT 72 .
CCACATGTTCA | b

Transposon
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(b) How P element n'ansp'o's"t;r'l'; ‘move

Transposition of P element to new location
/’— - \ "
TTACGAAT TTACGAAT
3. AATGCTTA AATGCTTA

I

P element in original P element i
genomic position excised Excision of P element leaves
a gap at its original location
° l Exonucleases widen the gap
Transposase 5 3 5' .3
31" -5. 3i-:"50
Repair of gap using a sister chromatid or homo- Repair of gap using a homologous
logous chromosome containing a P element chromosome lacking a P element
3. 5 3 5’ 3 5' 3 “g!
3h — — by 3 “§!
3 B 3 w5
3‘...l I...5' 3-..l ....5'
" Transposon remains in original position " Transposon no longer

at original position
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bf x

w? copia
V v
W#12 P

=

Direction of transcription

X

white gene — -
2

N
Exon 1 4 5




(a) Unequal crossing-over between TEs.
Transposable element

A B } &
e —
A X B 2
——— ——
A B B C
DU a0 s ——
A C
Deletion u— —

(b) Two transposons can form a large, composite transposon.

R w? A

A s D 0 G

R IR

Composite transposon can move to new location. '
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TABLE 13.1 cChromosomal Rearrangements and Changes in Chromosome Number

Changes in Chromosome Number
Euploidy: Cells that contain only complete sets of
chromosomes

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

1 3
Monoploidy (x): One copy of each homolog x x X
1 3

2

Polyploidy: More than the normal diploid number of
chromosome sets

Triploidy (3x): Three copies of each homolog x XX X x x X X x
1 2 3
Tetraploidy (4x): Four copies of each homolog XXX X x X x x X XXX
1 2 3

Aneuploidy: Loss or gain of one or more chromosomes
producing a chromosome number that is not an exact
multiple of the haploid number

TR O
TR (R
TR W




XY
Normal &'

/M Active genes

Normal Q
X X

Klinefelter &
X XY

Some X genes expressed
at twice the level of normal
males



Nondisjunction in meiotic recombination results in aneuploidy
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(a) Nondisjunction can occur durmg elther melotlc dmslon

First meiotic  Nondisjdnction during
division first meiotic division

Nondisjunction during

Second meiotic
second meiotic division

division
Gametes [ Q m
Fertilization Fertilization neuploid

Tnsomuc Monosomlc Monosomic Trisomic Diploid
(2n+ 1) (2n-1) (2n-1) (2n+1) 2n




e e -y s ey

- v vy e v ey v g — -

-rItor

(a) Nondisjunction cal; '¢'>ccur durmg ellher melotlc lelSlOﬂ

First meiotic  Nondisjinction during
division first meiotic division

|
Tnsomlc Monosomlc Monosomic Trisomic Diploid
(2n+ 1) (2n-1) (2n—-1) (2n+1) 2n

Second meiotic Nondisju ction during
division second meiotic division
Gametes m
F em||zat|on Fertilization neuploid
‘gametes
Zygote
| | | L |




(b) Aneuploids beget aneuploid progeny.

Germ cell
in a monosomic
individual
First meiotic
division
Second meiotic
division
Normal Normal n-1 n-1

(n) (n)
Gametes

Germ cell
in a trisomic
individual
First meiotic
division

A
L

Normal Normal

(n) (n)
Gametes

Second meiotic
division

n+1 n+1
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(a) Mitotic nondisjunction (b) Mitotic chromos'ome loss (c) Ay

Y e R AEERTE AT A TEIWE P WA PSS ASWIT YW W WS wws YW r v owgws e

Diploid cell at metaphase Diploid cell at metaphase

Nondisjunction of one set Lagging chromatid at
of sister chromatids at anaphase anaphase is lost. Aneuploid
produces aneuploid daughter cells. daughter cell produced.

Trisomic cell Monosomic cell Monosomic cell Normal diploid cell



e Male-specific

White eye

Sex comb

Minute wing



Changes in Chromosome Number
Euploidy: Cells that contain only complete sets of

chromosomes
Diploidy (2x): Two copies of each homolog X x XX X X
1 2 3
Monoploidy (x): One copy of each homolog X x X
1 2 3

Polyploidy: More than the normal diploid number of

chromosome sets
Triploidy (3x): Three copies of each homolog Xxx X X x XXX
1 2 3
Tetraploidy (4x): Four copies of each homolog XXXX x X xx XXXX
i 2 8
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(a) How to create a monoploid plant 4. Monoploid plant

Diploid plant (usually sterile)

3. Embryoids
treated with
plant hormones

1. Haploid pollen grains are
s, lreated and plated onto

o

agar.

2. Growth of haploid
embryoids
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(b) Using monoploid plants to select for herbicide resistance 7. Cells can be grown into

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

5. Treatment of
somatic cells with
colchicine

1

6. Cells become diploid

2. Cell walls of somatic
cells removed;

cells exposed to 3. Cells with resistance
mutagen; plated mutation grow

on agar containing into resistant
selective agent embryoids.
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(c) Using colchicine to double chromosome numbers

Normal mitosis
n Metaphase Anaphase Two daughter cells (n)

Mitosis with colchicine treatment

O-0O0-0G

No spindle forms No chromosome  One daughter cell
movement to (2n)
poles of cell
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N
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(a) Formation of a triploid organism

Meiosis in tetraploid (4x) Meiosis in diploid (2x)
parent parent
Diploid (2x) gamete Monoploid (x) gamete

W

Triploid (3x) zygote

(b) Meiosis in a triploid organism
Triploid cell

I g L,
VISXSES

Unbalanced gametes
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(a) Generatlon of tetraplond (4x) cells

Defective mitosis,_
Diploid (2x) interphase  Mitotic metaphase SHIQMGROMes femaln
cell (x=2) in 2x cell in same cell
OO &
Tetraploid (4x) cell

(b) Pairing of chromosomes as bivalents
Balanced 2x gametes

&S &S
o1/
€S

IMelosnsl
Al Bivalent| A1 : Bivalent
2§w_——. = ( Pairing at
At REPiCaLION ?2=< - : meiosis |
4x(x=1
: ) 1Menosusl
Menoss II

S &

Balanced 2x gametes



(c) Gametes formed by A A a a tetraploids

Gametes produced by

e FAing random spindle attachment
] A 1 IA 3 Ia 1 IA 4 Ia 1+3Aa . 1+4Aa
' 24— o 238 2+4Aa ' 2+3Aa
2. _A_ § e }A {8
8, g |qeda. .12 vooll . la 1+42AA  1+4Aa

. - or 3__, - J—
4 a ‘a ¢a e ‘A 3+4aa 2+3Aa
1 EA 2 f4 1 IA 3 ta 1+2AA 1+3Aa
4 3 or 4 2
‘a *a |a ;A 3+4aa 2+4Aa

Total:

8Aa:2AA:2aa=4Aa:1AA:1aa
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(a) Pre'p-a;;e :nicroarr;\';-" T (b) Prepare genomic DNA samples.

Human chromosome Control DNA Test DNA
‘E@b \';"2' )
l Label with l
fluorescent dye

) | \ u /

Mix together and denature

|

(c) Incubate microarray with combined samples.

Microarray with ordered series of BAC
clones across the entire human genome

000000000

pooooccoﬂ

BAC clones
Genomic region
Deleted region

Duplicated region

Human chromosome
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TABLE 13.2 Aneuploidy in the Human
Population
Frequency

Chromosomes Syndrome  at Birth
Autosomes

Trisomic 21 Down 1/700

Trisomic 13 Patau 1/5,000

Trisomic 18 Edwards 1/10,000

Sex chromosomes, females

XO, monosomic Turner 1/5,000
XXX, trisomic
XXXX, tetrasomic X 1nactivation 1/700

XXXXX, pentasomic Limited fertility

Sex chromosomes, males
XYY, trisomic Normal 1/10,000
XXYY, tetrasomic
XXXY, tetrasomic -

Klinefelter } 1/500
XXXXY, pentasomic

XXXXXY, hexasomic )

\ J

About 0.4% of all babies born have a detectable chromosomal
abnormality that generates a detrimental phenotype.



Fig 13.34 Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

(a) (b)
Parents X Rye
Tetraploid 2n (= 4x,) = 28 Diploid 2n 5(=2x,) = 14
Gametes ny=2x,)=14 n,=7
Wheat Rye Triticale
Fy 9 — Hybrid seed
(ny+np=1447=21)
Germination ‘

n, + n, plant
(sterile)

Treatment with colchicine
causes chromosome doubling
in germ cells.

Fertilization with

.~ ‘doubled" gametes

¢ [Triticale seeds

Germination

J

Fertile Triticale plant
(2ny+2n,)




“B” Kromozomlari

“Accessory”, “supernumerary”’, “additional” kromozomlar, “selfish
genetic elements”

Normal kromozom yapis1 “A”

“B” kromozomlari
- kiictiik
-Bitkiler ve hayvanlar aleminde ¢esitli sayilarda

-1300 den fazla bitkide
- 500 hayvanda
-¢esitlt mantarlarda

-genetik olarak in aktif, gelisim i¢in elzem degil, ¢ok az bazen de hig¢ fenotipik
-Yasamsal degil, bir tiir igersinde bazi bireylerde olusur

- Gametogenez sirasinda veya sonrasinda olusur



Bazi1 organizmalarda:
-heterokromatik goriinlimde (deeply staining)

-light staining with telomeric and centromeric region of heterochromatin

I N Acrocentric
/ \‘ ~ chromosomes

Cavdar, misir; akrosentrik

N % #/:f\k
Parazitik esek arisinda; submetasentrik J o ;‘;@
Allium cernuum; metasentrik %‘E e TN
AL %
d £ =— : . &

Her hiicrede bulunmaz
Mitotik aktif somatik ve germ hiicrelerinde rastlanir

Triticum tripsacoides : B kromozomu kok ucu hiicrelerinde yok, fakat

present polen anahticrelerinflgyyasic ey vegetatif hiicrelerde
Crepis capillaris :

4 B Germ hiicrelerinde



-islevsel rRNA genleri(NOR lokus)tasirlar
-A kromozomlarinin eslesmesini
-Kiasma olusumunu

-genetik rekombinasyonu etkilerler

- Gen anlatim1 DNA metilasyonu ile iliskilidir.



