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سكتنيجلا



Chromosome structural changes
• Deletions
• Duplications
• Inversions
• Translocations

• In humans, cri-du-chat syndrome, also known as
chromosome 5p deletion syndrome, is a rare genetic
disorder due to a missing part (deletion) of the short arm of
chromosome 5. The symptoms of this deletion, include
severe mental retardation and an abnormally small head.

Deletions 
( Scream of the cat ) هانعم يسنرف مسإ  Short arm of chromosome 5

 بيكرت يف ريصتب يلا تاريغتلا نع يكحن حر مويلا ةرضاحمب اما ، تاموسوموركلا ددع يف تاريغت نم ةجتانلا diseases لا نع انيكح ةيضالما ةرضاحلماب *
 تاموسوموركلا

mutations لا عاونأ نع ةقباسلا تارضاحلماب اندخأ

 ىلع ينبب ريغتلا نوه
موسوموركلا لكش

 لوا هيف ينباصلما لافطلأا هنلأ كيه هومسو
 توص يز مهطايع توص نوكب ودلوني ام

 سسبلا

😃

 دوقفم ءزج اهيف نوكب هتعبت p arm لا 5 مقر موسوموركلا هنا ضرلما داه ةلكشم



• Fragile X syndrome is a genetic disorder which occurs
as a result of a mutation of the fragile x mental
retardation 1 (FMR1) gene on the X chromosome,
most commonly an increase in the number of CGG
trinucleotide repeats in the 5' untranslated region of
FMR1

• In unaffected individuals, the FMR1 gene contains 5–44
repeats of the sequence CGG, most commonly 29 or 30
repeats.

• Individuals with fragile X syndrome have a full
mutation of the FMR1 allele, with over 200 CGG
repeats.

Duplications
 يف CGG وه يلا trinucleotide لا ددعل راركت يف راص ضرلما داهب
untranslated region ’5 لا

gene expression لا ميظنتب ةقلاع اهلا امنإ protein لاب ةقلاع اهلا ام nucleotides نع ةرابع

ةرم 30 وأ ةرم 29ً ابيرقت رركتم انبلغا و ةرم 44 ل 5 نم رركتم CGG لا هنا يعيبطلا *

repeats 400 ل لصوي نكمم و 200 ل لصو CGG nucleotides لا ددع مهدنع ضرلما داهب ينباصلما سانلا *



• In these individuals with a repeat expansion
greater than 200, there is methylation of the CGG
repeat expansion and FMR1 promoter, leading to
the silencing of the FMR1 gene and a lack of its
protein product which is most commonly found
in the brain and is essential for normal cognitive
development and female reproductive function.

• This methylation of FMR1 in chromosome band
Xq27.3 is believed to result in constriction of the
X chromosome which appears 'fragile' under the
microscope at that point, a phenomenon that
gave the syndrome its name.

Long arm فيعض

 ورثأتي حر شم protein products لا ينعي untranslated regions لاب ريصب وهم ، راركت يف ريصي هنا ةلكشلما نيو بيط *
 نع ةرابع ياه هنلأ ةينات ءايشاب متهن مزلا ، يعيبط نوكي هنا  gene sequence لاب طقف متهنب ام gene expression لابً لاثم ينعي يش لكب متهنب انحا هنا ةركفلا *
CGG لاب راركت اهيف نوكي مزلا ام untranslated region لا نوه كيه ناشع اذكه و ينجلا قبست يتلا ةقطنلما و ينجلاب متهنبف ةلماكتم ةموظنم

 طحن الم و methylation هلريصي حر ريبك لكشب cytosine لا دوجو هنا نوه ةلكشلما
ينجلل turn off لمعي حر methyl group لا

 هنا وفرعا سب مقرلا نع ليصافتلا فرعن ريثك مهم شم تكح ةروتكدلا
 ياه هنا و ةقماغ و ةحتاف قطانم هيف نوكب banding pattern هيف موسوموركلا

لا وأ يعيبط موسوموركلا اذإ فرعن اندعاستب و اهيلع لدتب ماقرلأا
&

C



 و ةفيعض ريصتب methylation لا ةجيتن
رسكلا ةلهس



• An inversion occurs when a chromosome
breaks in two places and the region between
the break rotates 180° before rejoining with
the two end fragments. Inversions do not
result in a gain or loss of genetic material, and
they have damaging effects only if one of the
chromosomal breaks occurs within an
essential gene or if the function of a gene is
altered by its relocation to a new place in the
chromosome.

Inversions

 وأ ةمهم فئاظو اهلا تانيج يف عطقلا راص اذإً لاثم ليدبتلا داه نم ررض ريصي نكمم
 موسوموركلاع ديعب ناكلم هلقن ببسب ينجلا ةفيظو ريغتت نكمم



• The balance of genes is still normal (nothing
has been gained or lost) but can alter
phenotype as it places genes in a new
environment.

• Acute promyelocytic leukemia (APL) is caused
by translocation.

Translocations

BCR-ABL
9 : 22

 17 و 15 تاموسومورك ينب ليدبت

22 و 9 تاموسومورك ينب ليدبت ريصب  Chronic promyelocytic leukemia لا يف  



Mitochondrial disorders
• Mitochondria are large organelles present in all aerobic

cells to use food and oxygen to make energy.

• The body uses this energy for daily function and
growth.

• Cells contain hundreds or thousands of mitochondria
molecules; each mitochondrion contains two to ten
copies of a small circular double stranded DNA
molecule that makes up approximately 1% of total
cellular DNA.

 ينعم للخل ضرعتت نكمم ةيثارو ةدام اهيف هضرب ايردنوكوتيلما

 Electron transport chain لا قيرط نع  oxidative phosphorylation  ريصب اهاوج ايردنكوتيالما



The mitochondrial genome differs from the nuclear 
genome in the following Properties:

•The mitochondrial genome is circular, whereas the
nuclear genome is linear

•The mitochondrial genome is built of 16,569 DNA base
pairs, whereas the nuclear genome is made of 3.3
billion DNA base pairs.

•The mitochondrial genome contains 37 genes that
encode 13 proteins, 22 tRNAs, and 2 rRNAs.

• Mitochondrial ribosome ormitoribosome is a protein complex that is active in mitochondria and functions
as a riboprotein for translating mitochondrial mRNAs encoded in mtDNA. Mitoribosomes,
like cytoplasmic ribosomes, consist of two subunits— large (mtLSU) and small (mt-SSU). Mitochondrial DNA

Mitochondrial large subunit

اهيف ينصاخ ribosomes و genes اهدنع ايردنوكوتيلما

 large & small subunits مهدنع نوكب انع يلا ribosome لا يز و  Mitoribosomes مهمسا ايردنوكوتيلما يف ribosomes لا *

↳



•A cell can contain several thousand copies of its
mitochondrial genome, but only one copy of
its nuclear genome.

•The mitochondrial genome is not enveloped,
and is it not packaged into chromatin.

•The mitochondrial genome contains very few
noncoding DNA sequences.

اهعبت genome لا نم ةدحو ةخسن اهيف ةاونلا ياه و ةاون اهيف ةيلخلا
 رثكا اهيف ةيلخلا يلاتلابف ريثك ايردنكوتيام اهيف ةيلخلا ياه لباقلماب

ايردنكوتيالما عبت genome لا نم ةخسن نم



•The 13 mitochondrial gene-encoded proteins are
mainly involved in electron transport and
oxidative phosphorylation. These proteins are
inherited from the mother since the sperm has
little or no mitochondria and therefore, all zygote
mitochondrial DNA are mainly contributed by the
ova.

•The small mitochondrial genome is not able
independently to produce all of the proteins
needed for functionality; thus, mitochondria
depend heavily on imported nuclear gene
products to facilitate its complete functions.

 ةياج يلا تانيتوربلا
 nucleus لا نم

 بلأا نم هصن يجيب  nucleus لا يف genome لا يز شم ملاا نم سب يجيب mitochondria لا يف genome لا
 ملاا نم يناتلا صنلا و

 رطضتبف اهفئاظو لكل وفكب ام ةنيعم تانيتورب وطعب و ايردنوكوتيلما نم ينياج يلا gene 13 لا
ةلماكلا اهفئاظوب موقت و ةمهم ةينات تانيتورب عنصت ناشع ةاونلا نم تانيجب ينعتست



•A mutation can cause the mitochondria to fail in their
function of making energy, allowing both normal and
mutated mtDNA to coexist within the patient’s tissues, a
condition known as heteroplasmy. Therefore, clinical
phenotype can vary among tissues.

 Heteroplasmy : the presence of more than one type of organellar genome
within a cell or individual. It is an important factor in considering the severity
of mitochondrial diseases.

•Every human organ system can be affected, but tissues with
high requirements for oxidative energy metabolism, such as
muscle, heart, eye, and brain are particularly vulnerable for
mitochondrial mutations.

• Most mitochondrial genetic diseases are associated with
myopathies (muscular diseases) and neuropathies
disorders.

ةيعيبط ريغ و ةيعيبط ءايشأ cell لا اوج يقلانب ينعي

  ROS لا جتنت نكمم تابكرم اهيف هنلأ تارفطلل ةضرع رثكا mitochondria لا

 اهلراص ايردنوكوتيلما يف DNA لا ةيبلغأ ولف normal لا ىلع abnormal لا ددع بسح ىلع ينبتب severity of mitochondrial disease لا *
damage لا نوكت حر severity of disease ةيلاع



• Mitochondrial diseases are inherited from 2
types of genetic material:

•Mitochondrial DNA, which are passed on from
the mother to all children

•Nuclear DNA, which is passed on from both
parents. Therefore ,mitochondrial disease can
be inherited as:

 mitochondrial genome لا لقنتب طقف ملأا هنا انيكح



• 1. Maternal inheritance
A mother with a mitochondrial DNA gene mutation will pass this abnormal gene to
all of her children, but these children will be affected with different degrees of
severity. The inheritance of the disease does not follow Mendelian pattern .

• 2. Autosomal recessive inheritance
• The nuclear DNA that make part of the mitochondria is inherited from both

parents (half from each parent).

• Autosomal recessive mitochondrial disease can be passed on only if both mother
and father are “carriers”.

• The inheritance of the disease trait will follow Mendelian low of distribution 
between born children.

• 3. Autosomal Dominant inheritance

• 4.X-linked inheritance

لقنيب ام بلأا سب اهدلاولا ملأا اهلقنت حر ، ايردنوكوتيلما تانيجب ةباصلإا تناك اذإ
مهدلاولا اهولقنب بلأا و ملأا نوه  nucleus لا نم ةياج تانيجب ةباصلإا تناك اذإ و

 فلتختب severity of disease لا كيه ناشع ةيئاوشع ةقيرطب ova لاع عزوتتب ايردنوكوتيلما
 و defected يقابلا و ينميلس mitochondria 10 هدنع نوكي نبا نكمم ينعي نبلا نبا نم
 اذكه و ينميلس يقابلا و defected mitochondria 20 هدنع ينات نبا



• Some evidence suggests that mutations of
mitochondrial DNA might be major
contributors to the aging process and age-
associated pathologies.

• Particularly in the context of disease, the
proportion of mutant mtDNA molecules in a
cell is termed heteroplasmy. The within-cell
and between-cell distributions of
heteroplasmy dictate the onset and severity of
disease.

 aging لاب ةقلاع اهلا mitochondrial DNA لاب ريصتب يلا mutations لا


