Lec.3
Chromosome characteristics

I will make this sheet contains  what the dr said in the lec and below it what is written in the slide (in bold) so it will be easier for u to study (mol59)and to know what is imp and all infos will be there hopefully 

So no need to go back to the slides only to see extra pics

So if it seems long don’t be afraid ,mostly slides and pics for better understanding

·  (slide) the chromosome is The most important objects in the living world, for the genes they carry determine the existence and form of organisms.
When we talk about the all chromosomes that mean we will talk about the genome of that organism 

the genome is the organism's hereditary information. It is encoded either in DNA or( for many types of virus, in RNA). The genome includes both the genes and the non-coding sequences of the DNA/RNA.[1]
A chromosome it is not 100% DNA,it is an organized structure of DNA and neuclo protein found in cells.. 
It is double helices Coiled DNA containing many genes, regulatory elements and other nucleotide sequences. Chromosomes also contain DNA-bound proteins, which serve to package the DNA so it can fit in the cell,

So the chromosome is composed mainly of:

a. Double helices DNA

b. Proteins

Importance of these proteins is to package the DNA so it can fit in the cell

DNA packaging (simply)
The main structure the Double helices DNA                    will be coiled around histones (nucleoprotein )to form               nucleosome ,which will fold up to form               , chromatin fiber,which will  coil again  to form a loop  which is a segment of chromosome.

If the chromosome was stretched it will circle the  earth one person !
So that why this structure or packaging is very important cuz it makes it fit in the cell’s nucleus 

(slide) DNA Coiling Leading to the Visible Structure of Chromosomes
·    Primary coiling of DNA double helix
·    Secondary coiling of DNA double helix  
      around the histone proteins to form 

      Nucleosomes 

·    Tertiary coiling of nucleosomes to form 
      Chromatin fibers 

·    Loops of chromatin fiber forming the 
      Chromosome
Study this figure to understand the DNA packaging, it is explained in detail in this figure
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(1) Is the double helices DNA
(2) DNA with histones (neclusomes )

(5) Fiber 

(6) Loop ,(8) chromosome
Num 3, 4 the dr didn’t mentioned them.(this figure from the net)
First time the chromosome was discovered and visualized in  1959 in an abnormal structure  when they counted and  found 1extra chromosome (Down syndrome)

In the seventies they discovered another type of characteristics in banding technique
Later on the found many other technique which we can study the structure of the chromosome 
(slide) Chromosomal Abnormalities
· 1959 - Down syndrome (LeJeune)
· 1970 - Banding techniques
· Identification of individual chromosomes
· Karyotype and FISH 
· Types of abnormalities:
· Extra copy of chromosome
· Missing copy of chromosome
· Structural abnormalities
The anatomy of the chromosome
a pair of sister chromatids attached to each other at the centromere. 2 arms,The shorter arms are called p arms (from the French petit, small) and the longer arms are called q arms (q follows p in the Latin alphabet; q-g "grande").[image: image2.png]Chromosome
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  Ends of each chromosome is the telomere which is v.imp to keep the integrity of chromosome 

(The nucleotides sequence is  TTAAGGG)
**the length of the chromosome is imp in integrity cuz if it its shortened by telomerase it will trigger apoptosis for example and the life span of the cell will be short.
**Centromeres are extremely important in cell division and segregation 
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(slide )

· Centromere - movement during cell division
· divides the chromosomes into short (p) and long (q) arms
· Telomere - Tip of each chromosome
· Seal chromosomes and retain chromosome integrity
· Telomere consists of tandem repeats TTAAGGG
· Maintained by enzyme - telomerase
· Reduction in telomerase and decrease in number repeats important in ageing and cell death
**Sister chromatid are identical in every thing

What’s that mean?
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This figure: 
Paternal chromosome (1)-the X on the left 
Maternal chromosome (2) –the X on the right 
Everyone in his/her body have a 23 pair of chromosome ,22pair autosome and 1 pair sex chromosome

Now lets talk about autosomes

Each pair is consist of 1 and 2    XX                                                                                                                                                           
(1)  X: Has two parts: one part from the father as the figure shows and the other part is completed in the same sequence and arrangement and everything(a copy),so they are identical and we call them (sister chromatide ),they form the paternal X and the same go for (2)to form the maternal X.   1 and 2 (XX)are not identical cuz one comes from father and the other comes from mother ,they are different  ppl,but they are called homologues  chromosome 
for ex. Chromosome no 13 the two XX are homologues 

but if we took one X from chromosome 13 and other X from chromosome 20 they are non-homologues  

Homologous chromosomes are similiar but not identical. Each carries the same genes in the same order, but the alleles for each trait may not be the same. 
** If we took a chromatide  from 1 and other chromatide from 2 (1 and 2 are homologues chromosomes)these are non sister chromatides.sister chromatides came from the same chromosome but non sister chromatide come from two different chromosome in the homologues pair
**plz note that the dr said that the homologues chromosome are identical and when I asked him later he said they are not,but he kept saying in the lec that they are identical. Actually they are not identical cuz they come from different ppl and I searched a lot and all sources says that they are similar but not identical, am only saying this so u can know what the dr said although he said after that no they are not identical !! plz read the article below.
(slide)Chromosome Morphology
· 23 pairs of chromosomes (22 autosomes)

· G bands (light and dark)

· p and q arms; centromere and telomere


Study this figure well plz
And note the following

Sister chromatide 

Non sister chromatide

Homologues chromosome 

Non homologues chromosome 
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· slide

· Two sister chromatids per chromosome
· DNA replication    chromatids 
· Two sister chromatids joined together at centromeres 

chromosomes differ in size and appearance with staining

the difference btw autosomes and sex chromosome

· Autosomes are the first 22 homologous pairs of human chromosomes that do not influence the sex of an individual.
· Sex Chromosomes are the 23rd pair of chromosomes that determine the sex of an individual.
Classification according to

1. Length of the chromosome       ,  3.satellite.
2. Location of the centromere

a. METACENTRIC(in the middle)  which mean that  roughly  p arm are equal to q arm

b. If the centromere close the the p arm then it called SUBMETACENTRIC, which the p arm is always shorter than q arm

c. ACROCENTRIC ,it don’t have p arm,it has other structure called stalk(satellite ) and it contains no genes  ,contain some condition that are imp in RNA transfer  and generally the whole necluic area are found in q arm

According to the classification we can group the chromosomes into 7 groups:

Group (1) A  : contain chromosome 1, 2, 3  and the centomere is in the middle and also their  length is more than the other chromosomes
groupB: we have chromosomes 4,  5 and X chromosome ,the  p arm is shorter.

Group (6) C : largest group and also the p  arm is shorter

group d : the are acrocentrice,they don’t have the p arm

group e :acrocentric

group f: metacentric like group 1 ,chromosome 19 and 20

group (21) G:acrocentric contain XYchromosome . (note that X  chromosome group b while Y chromosome is acrocentric )
·    Length
·  Centromere location 

· .  Satellite
Ideogram
· A 
1-3
·  B 
4-5 + X
·  C 
6-12
·  D   13-15 
·  E   16-18
·  F   19-20
·  21-22 +Y
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now every cell in our body contain the same no. of chromosomes
if we want to study them we should choose  a cell that divide rabidly (their growth rate is rapid)

for ex. If we take the epithilum cells and culture them we will need 2-3 weeks ,if we take muscle cells it will take longer time ,neural cells almost impossible to divide 

so we take the most imp. Cell that can divide very rapidly is the (lymphocyte),it can be stimulated to grow

steps:  (preparation steps)
1. take the cell and put it in a culture media that contains all the requirements needed

2. add an activator (poly clonal activator , phytohemagglutinin) or others so the cell begin to divide

3. after 72 hours  in the culture ,almost all the cells reach the division period  

we stop the cells in a certain division cycle (at metaphase period of mitosis ),add to the culture cytotoxic drugs (Mitomycin c),so the cells divition will stop at the metaphase

4. then we harvest the cells (lymphocyte) and put it in a tube,and try to separate the chromosomes by adding the the cells a hypotonic solution so the water will go inside the cell and it will swell 

5.  we fix the cells to keep their shape and swelling by adding a fixative agent (acetic acid with methanol )
6. Drop them into a slide and stain and study them under the microscope 

*72 hours if it’s a lymphocyte and about 40 if it epithilal cell

(the dr said this note and I write it exactly as he said it )

Now how can we them under the microscope ?

If we examined them immediately we will see only their length and the location of the centromer 

So we can not study the chromosome structure  bcuz it is a dense part 

To study their structure we will use sth called  ( banding technique  )

By denaturate the DNA proteins  
by

· Heat 
· ,or acid,
·  or proteolytic enzyme

It depends on test we are using 

(slide)

Cytogenetics

· The study of the genetic constitution of cells through the visualisation and analysis of chromosomes.
· G-banding
(and other traditional techniques)
· Fluorescence in situ hybridization (FISH)
· Molecular techniques
(QF-PCR, MLPA)

Molecular cytogentics
· Fluorescent Inistu Hypridization (FISH)

· Different Fish Probes

· Centromeric Probe

· Chromosome specific unique sequence probe

· Whole chromosome point probe

· Reverse painting

· Multicolor spectral karyotyping 

· Comparative Genomic Hybridization (CGH)

· Flowcytometry 

G banding : 
 Purpose:  To stain metaphase chromosomes with Giemsa to elicit a banding pattern throughout the chromosome .This G-Banding technique requires a chromosomal pretreatment step of trypsin to induce chromosome bands.and destroy proteins in that area 

 So , The metaphase chromosomes are treated with trypsin (to partially digest the chromosome) and stained with Giemsa
Procudure 

Heat the chromosome before drop them into the slide and add trypsin into the tube 

Satin: (Giemsa) 
Giemsa stain is the most famous one, it is used with (G- banding) that’s why it called G-bonding

· Here we are using the proteolytic enzyme trypsin before Giemsa (imp. Note)

· [image: image7.png]



· How many bands we can see?

· Normally about 400 bands in the haploid , with all nucleic acid and  all genetic material , each band is about 5 to 10 mega bases

· If we stop the chromosome division at the prometaphase the bands will be approximately  800,cuz here the chromosome is longer and the Reaction of proteolytic enzyme is  more active  cuz the chromosome is less dense
· in the figure above we can see that in the metaphase it’s a normal banding with about 400  bands

· if we stopped the division at the prometaphase ,and re-band it again and look to the same area in the metaphase u can find maybe 4 new bands in the same area that were not visible in the metaphase cuz it was dense. u can use this to detect deletion or duplication 

· we called it High resolution banding to see abnormalities in chromosome
(slide) G-banding
· Most common method used
· Chromosomes treated with trypsin 
·  denatures protein
· Giemsa stain 
· Each chromosome characteristic light and dark bands
· 400 bands per haploid genome
· Each band corresponds to 5-10 megabases 
· High resolution (800 bands ; prometaphase chromosome) 
·  use methotrexate and colchicine 
· Dark bands are gene poor
· Each band corresponds to about 5000-10000 kb

R_ banding: is the exact reverse (opposite) of G-banding

If we find a dark band in G-banding ,it will look open(light) in the R-banding

The reverse of G-bands is obtained in R-banding. Banding can be used to identify chromosomal abnormalities,

Using heat before giemsa ,while in the G-banding we used trypsin

We use this method with the G-banding to identify the duplicated ,normal,abnormal centromere 

(slide) R-banding
· Used to identify X chromosome abnormalities
· Heat chromosomes before staining with Giemsa 
· Light and dark bands  are reversed
Another technique is 

Q-banding :chromosomes are stained with a fluorescent dye such as quinacrine  
It will stain the dense chromatin 

Here the bands are fluorescent or not ,not dark and light

          Q banding is used for identify whether the baby is a boy or girl by identifying the Y chromosome becuz the Y chromosome is a very dense one and as we said above G banding is used for the dense chromatin.

(slide) Q-banding
· Used especially for Y chromosome abnormalities or mosaicism 
· Similar pattern to G banding 
· But can detect polymorphisms
· Needs fluorescent microscope
C _banding:used for the centromere cuz sometimes the centromere will not divide or other abnormalities. 
Is that chromosome homologouse?is this sister chromatide come from the same chromosome or if there is any abnormality? The c_banding answer this. we use here 

acid

,alkali

  and then stain it.
(slide) C-banding 

Used to identify centromeres / heterochromatin  
· Heterochromatic regions 
· Contain repetitive sequences
· Highly condensed chromatin fibres 
· Treat with chromosomes with 
· Acid 
· Alkali
· Then G band
Ag-NOR stain
- Nucleolar Organizing Regions active agent :

It is imp.for the cell division

So what method to use?

it depends on the condition of the patient what we want  to look for 
(slide) Karyotyping
· Staining methods to identify chromosomes
· G banding
- Giemsa 
· Q banding
- Quinacrine 
· R banding 
- Reverse 
· C banding
- Centromeric     (heterochromatin) 
· Ag-NOR stain
- Nucleolar Organizing Regions (active)
· Karyotyping: is the number and appearance of chromosomes in the nucleus of a eukaryotic cell
· El mol59 :

· Q banding: chromosomes are stained with a fluorescent dye such as quinacrine 

· G banding: produced by staining with Giemsa after digesting the chromosomes with trypsin 

· C banding: chromosomes are treated with acid and base, then stained with Giesma stain 

· Each of these techniques produces a pattern of dark and light (or fluorescent versus non-fluorescent) bands along the length of the chromosomes._
· this is the regular examination that normall ppl do
we have another technique which is the Molecular Cytogenetics, such as:
Fluorescent In situ Hybridization (FISH)
Hybridization: if we have one  DNA strand ,you can produce a complementary  strand to it in the lab then they bind to each other

Which means we brought one segment from the out side and hybridized it هجينDNA ( one u produce it and the other is the original)

So what we can see in FISH?

Fluorescent means that the  new necludite that we bring it from out side is fluoresecnted (have fluorescent color under the microscoop)

In other words,the new neclutides we want to use will be flourscented 

We can use this in lot of application, what are they?
For gene mapping , chromosome identification and many others.

Procedure:

Drop the chromosome on the slide 

If we Heat it then the DNA will be separated(denaturated),if we re- cool it then it will come back to normal(re bind to each other exactly the same)

So what will we do?

We will bring a synthesized double stranded segment of DNA(probe) , )labeled)
We will add it to the chromosome or DNA which we want to exanimate (non labeled) ,in the same tube then we will heat the  chromosomes 

Then all of them will be denaturated ,

When we cool them ,they will re-bind to each other

But bcuz the one we added exactly the other,so the binding will not differentiate btw the labeled and non labeled

There will be an arbitrary type of binding,(colored with noncolored )
.under the microscope area of hybridization will be colored 

Note plz that the dr said we will bring double stranded probe and add it to the original chromosome but in his slide and from what I have read on the net ,we add single strand probe to the chromosome to hybridize . I think he meant we produce a double stranded probe and then denaturated it  to take a single strand probe and add it to the meta phase chromosome .

(slide) FISH technique:

· Slide with metaphase chromosomes

· Denature chromosomes while on the slide (formamide/ 2XSSC)

· Denature commercial probe (biotinylated)

· Add single stranded probe to denatured slide (o/n hybridization)

             Examine slide under fluorescent .

FISH technique is based on the unique ability of 

a single stranded piece of DNA (probe) 

to anneal or hybridize with its complementary

 target sequence on the chromosome

Applications :

    Gene Mapping

• Chromosome Identification

• Aneuploidy Detection

• Sexing for X-Linked diseases

• Marker chromosome Identification

• Total chromosome Analysis

• Translocation Analysis

• Unique Sequence DNA Detection

• Microdeletion Syndrome Analysis

• Gene Amplification Analysis

• Mouse Chromosome Research

Whats nice about this technique that if u want to study only one chromosome u think it has the abnormality u can produce a stain specific to this chromosome ,cuz every chromosome have a differenet sequence.also we can stain centromere
Also If u want to look for the telomere,u can have specific staining for this telomere,such as u want to look where is the telomere,how many one or two cuz some one absent and so on…”( slide 28 ,29,30). We also can do :
Chromosome count:

If u don’t want to look for the structure and u want to look for the number

For example if we have a 37 pregnant lady and we are afraid that the baby has a down syndrome ,we take a sample from the amuinitic fluid,and we will look for the chromosomes no. .we don’t do culture or anything we just stain what chromosome we are interesting in
Slide 35 

In the first pic we have 2 red,2green which means a normal no. Of chromosome and the baby doesn’t have down syndrome. In the second pic we have one red one green which means a baby boy .so the baby is a normal baby boy

Another method  that if we want to stain the whole 46 chromosomes , stained with different color  ,easier ,this method called Spectral Karyotyping (SKY)
Use:

Counting and quantity 

If there is abnormality we can see ex. Deletion, exchange
(slide) Spectral Karyotyping (SKY)
· 24 different chromosome painting probes labeled with different fluorescent dyes

· Used as total genome chromosome paint

· Computer assigns a different color to each of the 24 different fluorescent spectra made by the probes

Fluorescent Inistu Hypridization (FISH)

· Different Fish Probes

· Centromeric Probe

· Chromosome specific unique sequence probe

· Whole chromosome point probe

· Reverse painting

· Multicolor spectral karyotyping 

 Multicolour FISH ( each pair of homologous chromosomes can be identified on the basis of its unique painted colour)
At  the previous slide we can see that the FISH technique have many methods and application

We can use to identify one chromosome ,counting chromosomes ,or to stain  the whole genome ,etc.
· First technique we use it was the G-banding
(and other traditional techniques)
· Second :Fluorescence in situ hybridization (FISH)
· Now we are going to talk about Molecular techniques
(CGH, QF-PCR, MLPA, Microarray)
Molecular tech.:
In the previous techniques we couldn’t tell if the chromosome is 100% normal

(when we use Fish or banding)
And still u think there is abnormality
We do Comparative Genomic Hybridization (CGH):

v.widely used method
Compare the whole chromosomes btw one normal and other u think there is problem with it
Ex. Patient suspected to have lymphoma,And we did  the other tests (chromosomal analysis) and we couldn’t find anything,we do this technique
Take a sample from the suspected tissue (lymph for ex.),And from normal tissue from the same person and label them  in different colors
For ex. Chromosomes from tumor labeled with  green color,and the normal labeled with red color

Take these chromosomes and hybridize them together 

If the red and the green equall in the chromosome ,then its normal and there is no problem

**in other words: it is normal when we have a chromosome that has one chromatide completely red and the other chromatide completely green.

If the red color in one cell akthar or the green akthar,then there is a problem cuz they are not equal 

**again in other words: if we have abnormality ma be9er 3ndna 100% same color, instead we will have array of colors, red, green and combination of them

The Combination of these 2 colors is yellow, we put it in a machine (not us) to analyze and read it.
If the Green color in tumor cell akthar min normal then  there is a gain material came to that chromosome (extra chromosome,gene or segment)
If the Red color akthar  then there is a loss in material 
يعني بل كروموسوم الطبيعي عدنا لون واحد يعني طبيعي ما ناقصه شي ولا في شي زايد عليه
بلغير طبيعي نلاحظ تغير بالاالوان ممكن تصيرمنطقه بيها ا صفرهوهي عباره عن مزيج بين الاحمر والاخضر
او نلاحظ في لون بلخليه السرطانيه اكثر من ما موجود بلطبيعيه معناها هاي الخليه السرطانيه بيها ماده ازيد (جين مثلا
نسمي هذا الشي gain  طبعا احنا ما نقدر نعمله او نعرفه وانما الكومبيوتر هو الي يقرا التغييرات 
او مثلا نلاحظ لون اقل بلخليه السرطانيه عن الطبيعيه معناها هاي الخليه فقدت جزء منها
نسمي هذا الشي lose وكذلك الكومبوتر رح يتعرف على هاي التغييرات ويحللها
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بنلاحظ هذا الخط الي مكتوب تحته 1.0  المفروض الخط المتعرج يطلع قريب منه من الجهتين 
الشكل اليفوق ببين انو الخط المتعرج بعيد من الجهتين من ما يعني وجود gain and lose
Tw9’i7:

If the material coming from the abnormal akthar it means there is gain
If the material coming  a8l that means there is lose
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What the dr said about this subject and the other methods kan mo5ta9er and these methods are really complicated so I tried to include some extra infos for u to understand it better .this figure explain the CGH but in order to understand it u need to see the colors so I wrote the colors below:

The balanced one have a brown color (first one from the left)

the second one have a green color they consider this as over representation of the whole chromosome within the tumor DNA .

The third one have only the q arm in orange color they consider this as an under representation of the long arm within the tumor cell

The forth one have only small portion on the long arm that in green color they consider it as an amplification

Another method:
Genome wide study of the all 46 chromosomes in the same time at the DNA level We have 1000 marker for any kind of tumor,Suppose that we have a suspected patient to have a type of cancer,we want to know what type of cancer he has.

We want to study which gene is abnormal ,so what do we do? We Take all the markers and put it on the slide ,one drop.(in one slide we can put about 1000 probe)
Then we take DNA from patient’s tissue ,we do Fragmentation to the DNA,we add it to the probs after we do denaturation
If he has any tumor marker ,it should bond with these Bond with probe cuz it is copmlementry to it.
مثلا لوكان عندنا مريضه مشتبه باصابتها بسرطان الثدي بناخذ عينه وبناخذ 
 الخاص بسرطان الثدي وهو معروف .اذا كان عدها سرطان رح يرتبط مع ال probe
 وهيك رح نعرف انو عندها سرطان لان لو صار تفاعل رح يعطيني لون محدد او مميز .probe
This technique we used with diseases that we don’t know there gens or they are a multifatorial such diabetes.
Micro array and DNA chip[image: image10.png]normal DNA tumour DNA

25 enes2 3
o S
2 S

eras2

cDNA microarray




Molecular Cytogenetic Technologies

Karyotype

· 3-5 Mb resolution
· Proficiency requires very high level of skill
· Cultured cells
· Sample type/quality
· Limited throughput
FISH

· Clone size (~100kb)
· Proficiency requires high level of skill
· Cultured/uncultured
· Limited number of loci
· Limited throughput
· Known abnormalities
Array CGH

· Clone size/spacing
· Automation allows for
  lower level of skill

· Cultured/uncultured
· Up to 1000’s of loci
· Higher-throughput
· Unknown abnormalities
***No single technology can detect abnormalities at all levels
Chromosomes abnormalities:
· Numerical  (decrease, increase),in one or all, deletion etc
· Aneuploidy : is an abnormal number of chromosomes, and is a type of chromosome abnormality. An extra or missing chromosome is a common cause of genetic disorders (birth defects)……note extra or missing chromosome
 (monosomy,: refers to lack of one chromosome of the normal complement. 
Monosomy of the sex chromosomes (45,X) causes Turner syndrome.
trisomy,: refers to the presence of three copies, instead of the normal two, of a particular chromosome. The presence of an extra chromosome 21, which is found in Down syndrome, is called trisomy 21(47,XY,+21 : Down Syndrome)يعني عندنا  واحد زايد
 tetrasomy) are the presence of four copies of a chromosome, -tetrasomy (48,XXXX) 
· Polyploidy :refers to a numerical change in a whole set of chromosomes 
(triploidy, (three sets; 3x )(69,XXY)
 tetraploidy) (four sets; 4x)( 92,XXYY))
Therefore the distinction between aneuploidy and polyploidy is that aneuploidy refers to a numerical change in part of the chromosome set, whereas polyploidy refers to a numerical change in the whole set of chromosomes
· Structural
· Translocations
· Inversions
· Insertions
· Deletions
· Rings
· Duplication
· Isochromosomes 
(slide) Aneuploidy
· Almost all been found in oocytes and early embryos, trisomies and monosomies 
· Most lethal (miscarry)
· Do not see in pregnancy or live born
· Exceptions sex chromosomes and Down
· Some aneuploidy is age related
Numerical Abnormalities:

· Aneuploidy 
· -monosomy (45,X : Turner Syndrome) 
· -trisomy (47,XY,+21 : Down Syndrome) 
· -tetrasomy (48,XXXX) 
· Polyploidy 
· -triploidy (69,XXY) 
· -tetraploidy (92,XXYY) 
Structural Abnormalities:
· Translocation – balanced vs. unbalanced 
· Reciprocal (46,XY, t(2,4)(p23;q25)) 
· Robertsonian (45,XX, der(13;14)(q10;10)) 
· Deletions (46,XX, del(1)(q21)) 
· Inversions 
· Paracentric (46,XX,inv(X)(p12p21)) 
· Pericentric (46,XX,inv(9)(p12q12)) 
· Ring Chromosome (46,XX,r22) 5. Isochromosome (46,X, i(Xq); Turner Variant) 
Sex chromosomes:
· Abnormalities more tolerated
· If have extra Y, few genes mainly for sex determination
· If have extra X, excess X is inactivated
· Monosomy X, Turners
· Majority die during development
· Only small proportion survive to birth
· Short and infertile
Sex chromosome abnormalities:
· Turner Syndrome

45,XO
(female)
· Trisomy X         

47, XXX 
(female)
· Klinefelter Syndrome
47,XXY 
(male)
· Extra “Y” chromosome   47,XYY 
(male) 
Marker Chromosomes
· Chromosomes of unidentifiable origin (except now chromosomal origin can be identified using SKY, although specific bands cannot yet be identified)
· Occasionally occur as supernumerary chromosomes with or without phenotypic effect
· Parental chromosomes should be analyzed
Look at slide 30 u will see an arrow ,this arrow is pointing to a round portion of chromosome called marker, it don’t have an origin ,w kman hwa mo jozo2 min e chromosome.
Plz not from slide 51 to 63 the dr didn’t explain them so i didn’t witre them here.

Nomenclature: mashro7a bl slide below
اول شي نكتب رقم الكروموسوم وبعدين اسم ال Arm وبعدها رقم ال region  وبعد رقم الباند والساب باند
International System for Human Cytogenetic Nomenclature (ISCN):

· Regions, Bands & Sub-bands
· Each area of chromosome given number
· Lowest number closest (proximal) to centromere 
· Highest number at tips (distal) to centromere 
· 1p31.1
· Chromosome 1
· Short arm p
· Region 3 , band 1, sub-band 1
**If there is an abnormality in the sex chromosome :
46,XX,del(5p)
· separates
· chromosome numbers
· sex chromosomes
chromosome abnormalities
· separates 
· altered chromosomes
· break points in structural rearrangements involving more than 1 chromosome

46,XX,t(2;4)(q21;q21)
هنا عندنا مشكله بل X كروموسوم .العدد صحيح بس عندنا translocation  بين كروموسوم 2 و 4   وين؟ بل  21q and21 q
46,XX,del(5p)
We have here deletion in the 5 p.

***fe slide ll mo5t9rat the dr didn’t mentioned it ,if u want to read it ,plz go back to slide 65
slide summary :
· Normal karyotype = 46 chromosomes: 22 pairs of chromosomes and 2 sex chromosomes (46,XX or 46,XY) 
· Chromosomes divided by the centromere into short (p) and long (q) arms 
· Each chromosome has a number of bands, each of which has been assigned a number 
· Karyotypes written using a system of nomenclature 
· Abbreviations used to describe changes such as t, der, dup, inv 
· Balanced constitutional rearrangements (translocation or inversion) do not alter phenotype and most are unique to a family 
· Unbalanced constitutional rearrangements result in duplication and deletion of material and are associated with changes in phenotype 
· Acquired rearrangements are not unique to a family, but are recurrent 
· Unbalanced rearrangements occur but do not alter the patient’s phenotype 
· Recurrent changes have been correlated with diagnosis and prognosis 
· FISH is a useful technique, used with karyotyping 
· FISH can be used to determine the number of copies of a particular region, detect microdeletions, confirm rearrangements and monitor cell populations in leukemia 
Done by :

Yasmine chalabi

Study well and good luck
(1) Chromatid. One of the two identical parts of the chromosome 


(2) Centromere. The point where the two chromatids touch, and where the microtubules attach;


(3) Short arm;


(4) Long arm.








From wiki (just for ur knowledge cuz the dr said this topic is v.imp:


Sister chromatids are ones that are identical and are usually located on the same chromosome, connected by a centromere. It may also be said as “one-half” of the duplicated chromosome


It is seen in mitosis, where you see the doubling of the one chromosome, and held together by a centromere (at which point in mitosis that will split apart, and each separate chromatid will go towards the centrioles).�Sister chromatids are identical to each other. During S phase of the cell cycle the DNA is replicated and an identical copy of the chromatid is made. These two chromatids are then called sister chromatids.


On the other hand, non-sister chromatids are ones who are different and are located on different chromosomes. They represent different but homologous chromosomes. They will carry the same type of genetic information, but not exactly the same information


Homologous chromosomes are �HYPERLINK "http://en.wikipedia.org/wiki/Chromosome" \o "Chromosome"�chromosome� pairs of approximately the 


a. same length,


b. �HYPERLINK "http://en.wikipedia.org/wiki/Centromere" \o "Centromere"�centromere� position,


c. and staining pattern,


d. with �HYPERLINK "http://en.wikipedia.org/wiki/Genes" \o "Genes"�genes� for the same characteristics at corresponding �HYPERLINK "http://en.wikipedia.org/wiki/Locus_%28genetics%29" \o "Locus (genetics)"�loci�. 


One �HYPERLINK "http://en.wikipedia.org/wiki/Homology_%28biology%29" \o "Homology (biology)"�homologous� chromosome is inherited from the organism's mother; the other from the organism's father.�HYPERLINK "http://en.wikipedia.org/wiki/Homologous_chromosome" \l "cite_note-Campbell-0"�[1]� They are usually not identical.


Each chromosome in the pair contains genes for the same biological features, such as eye color, at the same locations (�HYPERLINK "http://en.wikipedia.org/wiki/Locus_%28genetics%29" \o "Locus (genetics)"�loci�) on the chromosome. However, each can contain either the same �HYPERLINK "http://en.wikipedia.org/wiki/Allele" \o "Allele"�allele� (e.g., both alleles for blue eyes) or different alleles (e.g., one allele for blue eyes and one allele for brown eyes) for each feature.


Homologous chromosomes are similar in length, except for �HYPERLINK "http://en.wikipedia.org/wiki/Sex_chromosome" \o "Sex chromosome"�sex chromosomes�, where the �HYPERLINK "http://en.wikipedia.org/wiki/X_chromosome" \o "X chromosome"�X chromosome� is considerably larger than the �HYPERLINK "http://en.wikipedia.org/wiki/Y_chromosome" \o "Y chromosome"�Y chromosome�. Humans have 22 pairs of homologous non-sex chromosomes (called �HYPERLINK "http://en.wikipedia.org/wiki/Autosomes" \o "Autosomes"�autosomes�), and one pair of �HYPERLINK "http://en.wikipedia.org/wiki/Sex_chromosome" \o "Sex chromosome"�sex chromosomes�, making a total of 46 chromosomes in a genetically normal human. Each member of a pair is inherited from one of the two parents. In addition to the 22 pairs of homologous autosomes, female humans have a homologous pair of sex chromosomes (�HYPERLINK "http://en.wikipedia.org/wiki/X_chromosome" \o "X chromosome"�two Xs�), while males have an �HYPERLINK "http://en.wikipedia.org/wiki/X_chromosome" \o "X chromosome"�X� and a �HYPERLINK "http://en.wikipedia.org/wiki/Y_chromosome" \o "Y chromosome"�Y chromosome�.














