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'xﬁuman genelics:
) n Chromosomes. Human Karyotype

* Important
* Notes




Describe the number, structure, and classification of
human chromosomes

Explain what a Karyotype is and how it is obtained.
Describe chromosomal banding and explain its use.

Describe the process of in situ hybridization and the

information it provides.



* In transcription Cell machinery copies the
code making an mRNA molecule.
* mRNA moves into the cytoplasm
* Translation: Ribosomes read the code and
accurately join amino acids together to make
protein.

Transcription Transiation

D J =)

e Only folded protein can perform function
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* Eukaryqtlc cells present in humans and some other micro-
m‘ganl ﬁis Ilke Parasite and fungi

l@r are two types of organelles :

| \a*

Membranous Non-Membranous

organelle organelle
Rough & Smooth Ribosomes
Endoplasmic reticulum
Mitochondria Centrioles

‘ Golgi apparatus Microtubules
Peroxisomes Inclusions
Lysosomes Cilia - Flagella

Vacuoles & vesicles Microvilli
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G1 Phase : It takes about 10-12
| hrs (Growth and normal
b | metabolic activity)
| S Phase : It takes about 6-8 hrs
(DNA replication)
G2 Phase : It takes about 2-4 hrs
&N (Preparation for mitosis)
_Mitotic Phase :
h _Prophase, Metaphase, Anaphase
} | and Telophase

\\ )
Interphase:
\

% antdhc c:eII cycle
D, R

Interphase is the

longest stage

The cell cycle.
Interphase, the
stage of growth and
metabolic activity,
occupies most of
the cell cycle, The
division stage
involves the
reproduction of
the nucleus and
the division of the
cell contents,



GENETICS

Cytogenetics

)

the study of the structure, function
and behavior of chromosomes during

somatic and germline division

\

]

Molecular genetics

-

The study of structure and function of
genes at molecular level and how the
genes are transferred from generation to
generation

\




This slide is taken from
435 teamwork

involves the study of human chromosomes i
disease, New techniques allow for increased resolution.

Diagnostic procedure

diagnosis Sexua

¢
1S test@eases

or conditions in a fetus
ryo before it is

born e.g.. chronic myelogenous
LW eukemia (OML)

7"\
GENETICS
Cylogenetics

’-\' :
Fluorescent in situ

ybridization (FISH).

S

.

[ } Zenta; 2 ; so;e casg of ; }
prenatal retardation and " normll infertility or ~ study/and treatmert Kwe

multiple birth multiple of patients with
p deWnt miscarriages  malignancies &

hematologic
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Chromosomes:

1- carry genetic material

" | 2-heredity: each pair of
\" homologues consists of
~«. one paternal and one
W:j maternal chromosome
 3-The intact set is
3 passed to each daughter

cell at every mitosis

Chromosome

p arm = short arm structure

Centromere - constricted point
of the chromosome

s
4-——  arm - long am structure
V"'

&3 !

DNA molecule - long string like DNA
~ molecule formed into a compact structure
| by proteins called histones,



“Structure of chromosomes

DNA

Nondividi
cell e

| primary coiling Tertiary

coiling
Nucleosome
Ksecondary coiling

Histones

Order of DNA coiling and
folding :

1-Primary coiling: DNA double
helix.

2-Secondary coiling: around
histones (basic proteins)
nucleosomes

3-Tertiary coiling: chromatin
fiber -Chromatin fibers form
long loops on non-histone
proteins tighter coils
chromosome.

LIRS

*folding the protein makes it active
*The histones are positively charged
* the DNA is negatively charged

\_¥_7




Chromosomal |
& classification |

22 pairs of autosomes,
numbered from1 to 22 by
order of decreasing length

1pair of sex chromosomes
- XX in female
- XY in male




karyotype

The number and appearance of chromosomes in the nucleus of a
eukaryotic cell
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SEeXx Chramossomes
These are pair of homologous chromosomes :
* One from the father and one from the mother

*They have the same genes arranged in the same order
* Slightly different DNA sequences



Karyotype:
describe the

1 \ chromosomes,
attention is paid to
their

* One strand of the pair comes from the mother ‘maternal’
and one from the father ‘paternal’

* Theintact set is passed to each daughter cell at every
mitosis.

This slide is taken from 434 team
work
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Procedure of Chromosome Preparation

Visual Demonstration For

Karyotyping:
https://youtu.be/7ShPzzr
CetE

Culture media
contains
Phytohemagglutinin
to stimulate T
lymphocytes to
divide

- < Vi

from Peripheral Blood

<
)
'3
:
K_\;/

.

5 mL venous blood

v

Add phytohemagglutinin
and culture medium

v

Analyze “metaphase spread”

T

Digest with trypsin
and stain
with Giemsa

Prevents formation

of the spindle ->
arrest cell division

Culture at 37°C
for 3 days

during metaphase

g 'l <
Spread cells onto
slide by dropping

Add colchicine and
hypotonic saline

—» Cells fixed



g \ e A
X Meiaphase chromosomes:

&
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together at the centromeric region.
~ - Each chromosome has a centromere (CEN),
\\ region which contains the kinetochore,
N

A (p arm) (g arm).
telomere.

i - Short arm (p)
sentromere

Long arm {(qQ)

L
Sister chromatids



 Ceniromeric position and arm length:

f
\ K’ Chromatids
\. \ /' __ Satellites
y

Short arm
™
(_entromere%i’
J \ / \ \
Long arm
/ 1‘ \. Te!')mere—i-—

Metacertnc Slbmetaceﬁt ic Acrocentric

“:I"jt\e ratio of the lengths of the two arms is constant for each
e ué;azk{'lromosome
. This ratio is an important parameter for chromosome
? identification and allows classification of chromosomes into
several basic morphologic types:
=metaceéntric  11-sub-metacentric  111-acrocentric

N P -
I
\
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In the human karyotype chromosome pairs 13, 14, 15, 21, 22 are

acrocentric



. Chromosomes Banding

Banding is using certain “staining techniques” to make the

N\
N

sequence of dark and light bands)

2‘ Why is banding important?

chromosome take on a banded appearance (each arm presenting a

It allows accurate identification of the chromosomes and accurate longitudinal

mapping

And that’s is to: locate gene positions and characterize structural changes (helps
S, us in identifying the location of the gene and if there are any abnormalities such as
! chromosome breakage, loss, duplication or translocation

‘ Non-banded karyotype| '
(no bands)
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Banded karyotype (we
can see dark and light
bands alternating)



g:hromosoine Banding (continued):

A"

chromosome 17

| Banding resolution

HLM 3

2 ez
2

Eq1 2
213

24
;-325

estimate number of B
: and dark bands o P
q

per haploid set of |
chromosomes i

B/

400 - 850+

N

400

(in the picture the same chromosome with different resolutions)



Different protocols'for banding:

‘ G- Banding
‘ Treat with trypsin then with
- Geimsa stain
R- Banding
v ‘;o Heat then treat with Geimsa stain
u a To remember: R-banding bands are
Reversed to G-banding bands (light in
place of dark)
Q- Banding

Treat with Quinicrine dye giving
rise to florescent bands. It
requires an ultraviolet fluorescent

microscope
» C- Banding
s
. . Staining of the centromere. Treat
: 8 with acid followed by alkali prior
" -

to G banding

e %4 s . -

B OR & ¢ G

)¢ k=88 & < 32 ;2 G-banding
" T " " " karyotype fora

# B 88 & = ¥ npormal male

=€ 23 - =¥ 3 \ @
1 20 21 22 x M

We notice reversed light and dark bands
between G and R banding

AW . TR
NACK i o
1 2

3 4 5

(R IR Rt R-banding
6 7 8 9 10 " 122 Xx ka ryotype fOr a
ENTN]) 3 TIRL normal male
B u 15 16 7 18
3% &3 i 4
19 20 21 22 Y
C-banded

) ’ chromosomes
9 % . -
. for a female

got (shows centromere
2, ° =y A darkness)



Nomenclature

Example of chromosome 7
(good picture for understanding)

, 2 m _i Chromosomal location of a gene
. I’
] SR
d l I | chromosome # 7 | E
1 - ﬁ An uxn :l
< Centromere chromosome short arm p ¥ |
i £\ showing the short e _ AP gane:
3 and the long arms ' .

- . l I 3 Chromosomal location:
: (p and qg) each a0 A ¢ o R
subdivided into | |!

,' _— regions and o
. 5 l l bands ‘ ") band # 1
i sub-band # 2
7 B ﬂ
at region # 3

Remember that:
- - For each chromosome, patterns are specific and repeatable
- Patterns and nomenclature for defining positional mapping have been standardized



fluorescent in situ hybridization (FISH )

* FISH is a cytogenetic technique where a
chromosome is labeled with fluorescent
tag to create a probe ( a fragment
of DNA or RNA which is radioactively
labeled ) this probe will only hybridized
with a complementary DNA sequence
from the patient’s chromosome . the
probe will mark the segment being
tested , Which can be visualized under a

LADHING with

fuorescant dye J

\
\

fluorescent microscope .

FISH can be applied to detect genetic
abnormalities such as characteristic
gene fusions, deletions , translocations,
aneuploidy .

They can be used to study chromosomes |y rther Explanation of FISH
in metaphase or interphase- https://youtu.be/WSISSmKvSlo



https://youtu.be/w5l5SmKvS1o
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Nucleosome




Phytohemagghutinin

to stimulate T

lymphocytes to

divide

GaEimsa stamn

Fresence an-:l absence
al satellites

Abnormal

47, X¥ +21 a5, X¥t{D:G)

CQuinicrine dye

Utraviodet Fluoresoent
microscope

C
Staining of centromers
Acid followed by alkali prior
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o hﬁtps //www onlinequizcreator.com/human-
| genetics-1/quiz-219352



https://www.onlinequizcreator.com/human-genetics-1/quiz-219352
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