Unit One
Reproduction and Genetics
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Chapter One

pasic mecnanisms or sexuai réproduciigy,
Document 1 : Male and female reproductive Systems

Male reproductive system

The male reproductive system includes:
I- Testes (Gonads):

Role: Produce sperm (spermatozoa) and a male sex hormone Calleg
testosterone.,

2- Epididymis

Structure ;. Highly coiled tube,

Location: Located op the top of each testis .

Role : Maturation and storage of sperm.
3- Va

S deferens {sperm duct)

Role: Transportation and storage of the

| SPEIM and it is the site where the
Sperms acquire their motility,

4- Accessory olands

Kinds: Seminal vesicle, prostate

and cowper's glands,

WI:]iIC}l contains fiyctoge and othe
otility of the sperm.

Role: They secrete seminal fluid
that ensure the surviva] and the m

I' nutrients

5- Semen : Sperm + seminal flyid

6- Penis : Male copulatory organ,

Notes:

1) Number of sperm = 100 milljon
¢jaculation knowing that the Volume

2) The activity of the male reproductj
from puberty till death.
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Female reproductive svstem

The female reproductive system includes:

1- Ovaries (Gonads): There are two ovaries

W . j = L F, a [
Role :@ Produce oocytes and female sex hormones: Estrogen  and

progesterone.

2- Oviducts (Fallopian tubes):

Role :Reception of released oocytes and site of fertilization. .

3- Uterus (Womb)
Role :Site of implantation and development of the embryo.

4- Vagina : Female copulatory organ .
y of the female reproductive system is cyclic and the releasing

Note: The activit
of oocytes starts from puberty till menopause (around 45 years of age).
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Anaturmv of the fermale reproductive system.
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N : and pick out the lymphoe 1,
1. Take a sample ol ml of blood and | Phocytes (Whiy
blood cells).

. itive cultural medium for 3 dayg 41 14,
». Put the lymphocytes in a nutritive culturs ys at 37°c 0
activate the cell division.

' / y 5 e,
1. Add colchicine to the cultural medium to stop the lymphocyte divisic,
at metaphase.

4- Spread the chromosomes by placing the cells in a hypotor.uc medium th,
leads to the swelling of the lymphocytes causing their lysis.

>- Add stains, photograph the chromosomes, cut them and arrange ths

chromosomes according to their length, pesition of centromere and
banding pattern.

Dinloid cells

In diploid or somatic cells [ike skin, blood, bone ......... the number of
chromosomes is represented by 2n and the chromosomes are grouped 1n pairs,
each chromosomal pair has 2 copies: one of maternal origin (mother) and the
other of paternal ori gin (father)

In human

somatic cells the number of chromosomes
Chromosor

nic formula of g human
XYor2n=m7

1S 2n = 46 or 23 pairs.
| male somatic cel] 1S : 2n = 44 autosome =+
PaIrs autosome + XY
Chromosomic formula of

a human female
XX.

somatic cel| ig 2n =

44 autosome +
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Haploid cells : Sperm and oocyte (Germ cells).

n haploid cells, the o1 Braryesmims -l
1 | number of chromosome is represented by n where the

¥ 1%

chromosomes are not grouped in pairs and each chromosome has one copy only
Chromosomic formula of a human oocyte is n = 22 autosome < X
Chromosomic formula of a human sperm is n = 22 autosome + X or

n =22 autosome + Y.

: -
, I
s R B0 g
1 2 3 4 5 5
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F & L 9 10 11 12
fl {"1 I’? b 7 A
13 14 15 16 17 18
A b A e ]
19 20 21 a2 X
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Document 3 : Mitosis and meiosis L g g e
Interphase: it 1s the rest state or e ccil. it prececas uie gen Aivisiog i

includes 3 stages: ' s g v
G1 = Gap one: Where the chromosome 15 made up 01 onc chromatid.

S = Svnthesis © Where the chromosome duplicates and becomes of

2 chromatids. o S
G2 = Gap two : Where the chromosome 15 still formed of 2 chromatids.

in diploid cells and it is important for repajr ¢

Mitosis : Mitosis takes place kreur
dead and injured cells and for growth of individuals.
Mitosis occurs in four phases:

Prophasc: o
1) Each chromosome, which is made up of two chromatids joined by ,

centromere, becomes shorter, thicker and more visible.
2) The centrosome divides into two asters, each one occupies a pole of

the cell.
3) The nuclear membrane and the nucleolus will disappear.

4) Between the asters extend achromatic spindle fibers.

Metaphase |
The split chromosomes are grouped at the equatorial plate. In this phase the

chromosomes are distinct and can be counted.,

Anaphase
1) The centromere will divide and the free chromatids become chromosomes

similar to the mitial ones.
3 - 1 t " ~ . PO, = "
2) The chromosomes (sister chromatids), of the same origin , will slide and

migrate (o the opposite poles of the cell. (Pole formation or pole

ascention).

Telophase
I) The chromosomes become chromatin material.

2) The spindle fibers will disappear.
3) The nuclear membrane and the nucleolys reappear
4) The aster becomes a centrosome.
) glzrir:?lnl;unq will appear at the cquatorial plate dividing the mother cell
vo Identical daughter cells each of 2 chr-:mmf:mncg

* Amount of DNA (H.LE) P'ro + meta
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M = mitosis
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|

Meiosis

ace in germ or sex cells, it occurs i two divisions: Hmuclioﬂai

Meiosis takes p

and equational division,
ivision : Reductional division it 1s like mitosis but wig, the

First meiotic «
following exceptions:
Prophase 1 : The homologous chromosomes synapse and form tetrad.

Metaphase I: The tetrads are grouped at the equatorial plate.

Anaphase I : The homologous chromosomes will separate and migrate to the
opposite poles of the cell without the division of centromere. In this phase the
number of chromosome is reduced from 2n into n chromosome at each pole,

Telophase I: first cytokinesis (division) will occur dividing the mother cell intg
two daughter cells but the chromosomes are still formed of chromatids.

Second meiotic division Equational division it is like mitosis but each
obtained cell is of n chromosome,

Reductional division

» q~~~.4<___quI:-’rtiu:_'*:nal division

—
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e — G
= = ) - e —— e o - - - 2

- : . >
| Phase | Number of chromatid/ chromosomes Number 0f CAromosvIne § Ceol

Gl | O 2r
ame : T | S— }.
| G2 I 2n
" Prol | 2 e
| Metal | 2 — | -
Ana | 2 | 2norn/pole
Telo | 2 ) O
. Pro Il 2 n
Meta Il 2 n
" Anall 1 3n or n /pole
| Telo I 1 | 0 j
First meiotic division
|- Individualized chromosomes 4- Separation of the homologous

chromosomes
2- Production of the homologous pairs  5- Cytoplasmic division
3- Homologous pairs are arranged at
the cell's equator.

Second meiotic division

6- Chromosomes at the cells equator
7- Separation of the chromatids

3. Cytoplasmic division
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Document 4 : Spermaiogenesis

Histology of testes

The microscopic observation for a longitudinal section of a testis shows that it is
composed of seminiferous tubules which produce spermatozoa. In the
seminiferous tubules there, are reproductive cells of different developmental
stages in addition to sertoli cells that produce nutritive substances for the
development of reproductive cells. Between the seminiferous tubules there are

Leydig cells that produce testostcrone_hormone.

Interstitial cell (.LL A4
Tube 3 Tube 4 / 51

14— Caplllary
: :':l'f-—-——_ Seminiferous

ST tube's envelope

Th (B asal Law hﬁ.)

Serioll coll's

nucleus |'

——

Tube 5

Spermatids

Spermmzlozoa

At Crosssection Of Ay

2} Seminiferpus 1ibe . _
Spermatogenesis: Spermatogenesis takes place in the seminiferous tubules and
it is the process by which haploid cells (sperm) are formed.

This process occurs in a centripetal direction that 1s from the basal Lamina to the
Lumen. It lasts around 74 days and includes four stages or phases:

1) Multiplication period: The spermatogonia increase In number by

successive mitotic divisions.
2) Growth period: each spermatogonium increases in size to give primary

spermatocyle.
Maturation period: (Meiosis): Each primary spermatocyte is subjected

‘o two divisions: Reductional and equational to give two secondary

3)

spermatocytes then four spermatids.

4) Sperm’ ogenesis (Differentiation):

' ' al0zoa Wi ' lification In
The spermatids are converted Into spermatozoa with certain modiIic:

the form and structure:

- Distzal centriole of the spermatid will ¢
Sperm.

- Mitochondna are groupe

Golgi bady of the spermatid becomes the acroso

- Most of the cytoplasm in the spermatid is restricted and eliminated.
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Concept map of spermatogencsis:
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Document 5 : Oogenesis
Histology of the ovary

The microscopic observation for a section of a mammalian ovary shows the
presence of many follicles at different developmental stages: These follicles start

from :

primordial — primary — secondary — tertiary — graafian —» corpus luteum

(yellow body) —> corpus albicans (white body).

nrimary follicles
epithelium

primordia \
follicle -

_corpus albicans
(white body)

) medullary region
(] cortical region

oocytes I blocked
at prophase [

secondary follicles

follicu'ar colle )

cavitary

follicular cawity l? fofice :

(antrum)

% '..'_,,

; muyly o

: '.H_-Hll‘!‘
-+

oocyla 11
expulsed from
the Grazfian
follicleinic
the paviion

corpus luteum
(yellow body)

————

Doc.a Schematic coction of an ovary.

Graafian follicle structure

]
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' I.' ”
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e
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ere transformed into

> N0t end in the ovary
and includes four phases:

= Multiplication period: During

embryonic life

, the O0gonia will
Increase i number by mitosis

2= Growth period: During embryonic life,

cach O0genium i
INcrease in size 1g form oocyte |,

3- i\i:ﬂuratiw_;wrimi (Meinsis): During “mbryonic |jfe
Q0CY1e starts jis fiyg merotic divies

division (lime of birth) 11) puberty then resumes e
divide into two

Uf}fi}"[t

Unequal cel)s:

The secondary 00CYle second mejotje
Metaphase 1] | blocks s dWision 1o e rele
This blocked 00Cyte can SUTVIVe for 9
but in the Presence of (e o

10 give two unequal cells: A sec

.‘.1[:“ 15 IS

activity to

.

and secondary

L’ii\-'iRi!’.}n and at
ased nto the Oviduct
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4- Differentiation period -

The ootid will develop and becomes an ovum |

Concept map:

' fﬁ_“x”
| S 1
- .-..ﬂ e
l // ‘“‘x.h e t
Multiphcation £~ Hﬂ | -
Mu 1 | (o b Oogonia
penos | f ‘\Zn At During
el a Y a W am embryonic
% ¢ ) o O life
2n 2n 2n 2n
4
N .
Growth penod (T\" Oocvte |
y ‘!' 'H\r/.?n '
1 e
| AR, s \..1"blockageat Prol v
\\ A
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\ O “Oocyte 11
n :)’x
1*' polar bod
................... P (_'.?T__?__}_,.-____."”.J..hlﬂf.-‘!«.qg@,t.lt_m.ui_:l_.ll____.‘%ﬁcr
— o 1 e n\\ Ooftid
Jifferentiation 2™ Doldt body
@‘*H_Ovum
v 3 n
Y

Oogenesis and folliculogenesis

A large number of oocytes are formed very early, by the 15" week of fetal life.

The ovaries of a five

months — old fetus contain more than six million cocyies.
A large number of these degenerate during embryonic life. At puberty,

J.lt..h

temale has in her ovaries around 400.000 oocytes and releases, by ovulation, not

more than 400,

The total depletion of these oocytes correspond to menopause.

10
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Document 6 : Fertilization
Definition : Fertilization is the union of two haploid gametes: a sperm cell 2nc

-

an oocyte gIving rise to a diploid cell called zygote that is the first cell of 2 new
individual. |
The passage of male gametes in the female reproductive tract: |
During sexual intercourse millions of sperm are deposited in the vagina but less
than 1% can reach the uterus and only a few hundreds can reach to oviduct.

Sperm ca pacitation: The sperm cells acquire their capacity for fEI'{rllIZ;T:.LIL‘-. and

' itat s due w0 a
retain it for 48 hours In the female tract. This capacitation Is due -t )
hiochemical change in the plasma membrane. - g

Structure of a secon dary oocyle

e — n—

" ShromQsemes

- i
n maapnaat |

g et
-

¢ 2 secONaary 0OCYTE.

.

‘ ] - - py P ‘n {:ﬂp
srhematic represeni 1on ¢
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Test cross : It 1s a cross to show the real genotype of'a dominant charactar.

DUTL NOW 7

-—

We cross a dominant character like gray with a recessive character like black. [t
the result obtained is 100% gray then gray 1s a pure race but if the result 1s 30%
eray and 50% black then the gray character i1s of hybrid race.

(/i

Note: The recessive character 1s always pure.

Co —dominance = Non-dominance
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Chapter Threc

Genetic variation and pulymorphlsm

Revision notes on nucleic ﬂflllﬁ
Nucleic acids: DNA and RNA

DNA: Deoxy ribo nucleic acid: | P
- Ve Adenine (A), [hyamine

IFXEUaTs W16 l"-l"llh_l‘il" ‘ :

¢ {FORCNOUS 1 L

T\'I ! i? "-\-:{,:__jn:_‘ I[;-] Hﬂ{j (ﬂ]d}hfn. T(F,l

o Affinity . AtoTand C 10 C

« Kinds of nucleotides: Adenine
Thyamine — [Je0X}
Cvtosine — Deox) | | |

_ Deoxvribise - Phosphorus

. 4 " J*q‘ " " I
- Deoxyribose - Phosphorus

ribose — Phosphorus

-y g =

o T '} By 3
TIDOSC — ! I.C':-‘.._..J‘ 11

Guanine
e Structure of nucleotdes :
) p
) ]J' [
]
S A S — | S ( S .
¢ Structure of DNA
|’ P
S A | S
| p
N — l - ".‘ S
}J'
i]
> = ( () §
IJ
i"h
S G { .
RNA: Riobo nuyclee uciy
L] N (i , o .
I.u“hm“ub bises: Adenine (A) | tacil (U), Cvios : .
* Allinity : Ao Uand C o G, atosine (C ) and Guanine (0)
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e Kinds of hucleotides -

Adenine = Ribose — Phosphorug

Uracil — Ribose
Cyvtosine — Ribose

I"hosphorus
Phosphorus

Guanine — Ribose — Phosphorus
. Structure of nucleotides:
]l I] [J !_:.
f ;
S — A Ny o= O | S - (1
o Structure of RNA
P
S — A
P
8 - 0
5
.--'f.lf
P .
S — O
What are the differences between DNA and RNA?
DNA RNA -
1) Big molecule 1) Small molecule R
’7’) Stable molecule due to the presence
of strong hydrogen bond between | 2) Unstable molecule
the bases _
| 3) Duublc chained molecule | 3) Single chained molec U]L
| 4) The bases are: A, T, Cand G 4) The bases are : A, U, F mr.i Lr i
' 5) DNA are located in the chromatin 5) RNA are located in the nucleolus,
material. B ribosome and cytopl; s }
6) DNA plays a role in the auppu:l of |6) RNA plays a role in protein |
genetic information. - synthesis. ] |
7) The sugar is deoxyribose 7) The sugar is ribose. |
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DNA and protein synthesis

Synthesis of protein starts it
accurs in three steps:

+m DNA to RNA to ribosome in the cytoplag, )

"-': _Li———i " L . < 1II - 4 ¥ L L ] r Y "

Thic . olication can take place onl
DNA molecules. This duplication 01 TL,I | P ¥ In the
DNA - polymerase enzyme.

presence of the

Supply of now 3-"'-.. /

nuclnotidas New stards

2- Transcription :

It 1s the process by which a DNA strand is transcribed in the form of messenger
wae el

RNA (m - RNA) as follow: :
ATCGAC ... Transcribed DNA.

UAGCUG .................. m - RNA

YACOAET wovvnive non = transcribed DNA

VACGACY ... m - RNA

3- Translation

[t 15 the process by which (he ntrogenons |

translated into amino acids I a way that ciach
an amino acid under the yc |

e.g UAU, CCG, GAC
Tyr, Pro, Asp

ases carried by m -~ RNA are

o | riplet (codon = 3 bases) forms
Lon ol transfer RNA (1 - RNA)

4A L
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i Lt ceul CALLY e feGH | ' Fifan
| cuc . cce e Reliclian | o
“UA leucine (Leu) jrrabine 1|'+-n.} CAC ! l [0 , 7 {
L ’ CCA CAlN AT Ll J|.|"_r'..f',, ! =
s cual CCG = lee,o ! ( -_
! . : ; !.-'I.UL__I‘ isoleucine (1lc) 'm-_l I AL PR P S ;_:,.,~,[f*'r-iF-J' e Lt d
L:‘A? .‘FIHL‘IL ﬂ{,r_ ”r ” ;hnl[__ 'l pred Dal o J i a::;‘r'!‘_ : a1 T J 5ty ; |
| ola gll L ITCOTne = . s
e T o '_-‘“"”A_ JACA e ”J ARA | bt [ ] | AGA | ; ( h '
101 T AUG | methionine (MtYACG | pie) T S e R i S
e st GUU| SCU GAL | mepartique 1G] U “_'|
+-" , ‘;'-. GuUC ) : | acide (Mg - i §
S ' _E%L;;.' GUA valine (Val) GCC alafiine (Ala) Ghr’--: 3 L ! : CGCY ghycine [Gly) TP | :'.[' —grn .!
g *'; I *‘ J = - GCA GAA | plutamegue 1,'|:.r':f"1 : |...- A |
eS| OUG I (<< GAG| Adde (i) |GGG 3 AT |

Genelic code

Process of protein synthesis

After copying the messa
through the pores of the n
takes place in three steps:

1- Initiation:

ge from the DNA
uclear membrane.

The first amino acid translated by t —

(AUG). So, the first three bases of the t —

ke

AUG on m — RNA.

-

Anachament! of
an aminc-acid

I
L i

the m — RNA leave the nucleus
The process of protein synthesis

RNA in the ribosome is methionine
RNA are UAC (anti codon) facing
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2- Elongation :

A . _ | . | |
t S;C}?Jnd : .RN‘A‘ carring an amino acid is fixed on the ribosome near the firs
A facing the second triplet of the m — RNA to translate a new aming

ECI.d- BE{“.' _ I ; ' . '
- dﬂu_en the two amino acids a peptide bond is formed and this process
peated Ul several amino acids are translated.

3- Termination :

P ™ : ¥
unuu::tmn cmdctns (stop codons): UAA, UAG and UGA
m — RNA to terminate the process -

codons face t—-RNA.

arc found on
of protein synthesis when anv one ol these
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Document One: Mutations and the environment

Definition of mutation: A mutation 15 a change i the nucleotide sequence of

DNA.
Mutations and genetic variation

The genome of humans include coding sequence that we know their function
and constitutes only 10% of the genome and non coding sequence that we don’t

know their function till vet and constitutes 90% of the genome.

1) * Active and inactive mutation :
ctive mutation that leads to a change in the gene expression and includes

favourable mutation that can reproduce and exist and unfavourable mutation

that can't lIive much.

Example: Gray moth can escape from their predators by blending with gray
trunk covered by fungi and lichens, but due to mutation these moths start
produce dark gray moths that can be seen by their predators (contrast in color

with the trunk).

This 1s unravourabie mutauon.
With pollution, the trunks were blackened and the dark moths now are

hlended and increase in number while the light gray moths start to decrease

(contrast in color). This is favourable mutation.

* Inactive mutation : This mutation does not lead to a change in the gene

expression (silent) or affect the non coding gences.

2) Transmission of mutations:
Transmitted _mutation : mutation that affects sex cells like sperms and

oocytes is transmitted from one generation to another.

c.o. - Thalassemia , color of moth
Untransmitted mutation : Mutation that affect somatic cells can't be

transmitted from one generation to another.
e.g, - lung cancer due to smoking

- skin cancer to U.V rays.

Can mutation be repaired (corrected)?
Yes, normally there are enzymes that can repair the DNA damage. These

enzymes are coded by a repair gene in the cell but depends on the degree of

mutagenic factor :

49
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e Mutations occured however the repair gene is not destroyed. In this case th,
damage can be repaired, thus mutation go unnoticed and not expresseg

phenotypically.
* High exposure to U.V: more damage in the DNA strand. The repair gene stj]|
not atfected, the repair gene repairs some of these damages while others wi]

not be repaired thus mutation are expressed. e.g. black or brown spots, war
...... etc.

. ‘o :
nghe:r degree of eXposure to U.V.: The repair gene is damaged, thus
mutation and damaged areas can't be repaired e.g. skin cancer .... .. ete
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Document 2 : Mutations and multiple aileles

Types of mutation : There are three types.

1) Substitution mutation : A process where by a base pair on DNA s
replaced by another.

c.o. ATCGTA —» AGCGTA

2) Deletion mutation : A process whereby there s a loss of a segment of
base pairs from DNA.

e.g. ATCGTA — ATCG

3) insertion mutation : A Process identihed h}.‘ the presence ol an
additional stretch of base pairs in DNA.

c.o. ATGGCT — ATGGCTACT

S

LEffects of mutations :

1) Missence mutation : A type of base-substitution that causes one amino
acid to be substituted for another in the resulting protein product.

e.g. Pro — Glu—Thr — Pro - Val - Thr

2) Non sense mutation : A type of base — substitution that results mn - an
amino acid — specifying codon being changed to a stop codon, The
resulting protein is non functional.

3) Frame shift mutation : there is a total change in the sequence of amino
acids after the site of mutation.

4) Silent mutations : Arc mutations that don't change the product ol a gene.

Note: point mutation leads to change in one codon only.

typa of ronranscibed DA ssnd of 2 norms ir'-ff'r-r:ar*s.:ihn.! DNA strand of e mutant] ",‘,.h-:,",.‘ —
mutation gene and comesponding amina acids pens apd mrai?gp,:'ﬂ%_nf;__«f neids | __m of By mutation
CCA-GAG-ACT! | _JICCA-GIG-ACT/ | M
Pro - Glu - Thr . Pro - Val - Thy Alared polvpantide
| _[CCA-GAG-ACT/. | ..[CA-GAA-ACTI [ ot
subaliuon Pro - Glu - Thr ¥ro - Gu - Thr 0 dplpclaliy change
ICCA-GAG-ACTI. _GCA-JAG-AQTL. | e
Pro - Glu - Thr Pro - Siop - | IS OO0
¢ TR
delelon | _[TAG-ACC-ACG -Al.. | _TAG-CCA-CCAL,  ated SIS
Tyr- The - Twe 1 Ty Pre - A ] _
| ~_r E Same-shi
nserfon | _[JAG-AGC-ACG -Al.. | [TAC-GAC-CAC- GA /.. byl 8
Tyr - Thr - Thr kL Ty . Asp - Mis ATONN PNXyPeys

'J*
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Genes and multiple alleles

In an individual everv gene has a maximum of 2 alleles while in 3 Popy!
we can consider multiple alleles. Uiy

e.g. Blood group of humans. This svstem is defined by the eXpressiop
two of the three alleles A. B and O on the surface of red blood cel|s th
the same basic structure called H.

Allele A _Cell Marker A
Substance H Allele B Cell Marker B
Allele No cell marker
Antigen B

. | ~

s = i 2 ’ |
" galactose | B -transferase { H | A transferase | 1y -
\ / o T N- acety] |

. B galactosamine ‘

O- transferase

of &?}

Antigen A

»

-
-

—

AJ

' Honly . There is no :
lormation of apy |
sugar '

| No antigens aro formed
In this process.

The transferase enzy
there is 4 change in 4

Role of mutation

me Is subjecte
he function of
Betwf':en A and B there g
substitution While allele ﬂ
runcated inactjye enzyme. '

d o many Mutation
this CnzZyme.

a mndiﬁcminn
1S 0btained by

and for each mutation

of four amine acids done by
¢ small deletion leading to @
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Document 3 : Poivmorphic genes in a population

Genetic polymorphism s a source of genetic variation in a popuiation .

How do mutation alleles lead to genetic polymorphism?

- Major Histocompatibility Complex (MHC) [HLA in humans]

SR .
¢ 84atd

MHC of the genes in a given population exists in multiple alleles and
to be polymorphic.

HILLA genes codes for two classes of glycoprotein:
a1l

wxll

- HLA class 1 (HLALI): are coded by loci A, C and B and expressed by
nucleated body cells. They are involved in graft acceptance or rejection.

i

bt W

HLA class IT (HLLAH) : are coded by loci DP, DO and DR and expres

by some cells of the immune system like macrophage.

Fach locus of the two classes has a large number of alleles. So, it is
impossible for two individuals, except in real twins, 10 have identical

distribution if the alleles in the six loci.

7- B alahi

il = Tl ==
Hemoglobin is a protein molecules made up of globin (protein) and -
molecules of heme (iron). B globin is responsible for binding the 1ron to

olobin. The mutation of [3 globin leads to B - thalassemia that has several

degrees of severity:
- If only one allele is mutated, it is not dangerous.

. Ifthe two alleles are mutated then thalassemia 1s dangerous.

What is a wild type allele? The wild type allele is the allele that codes for the

most common phenotype in a population.
Note: An allele is considered polymorphic if present at a frequency > [%c i a

population.
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Document 4 : Detection of genetic polvmorphism

Restriction enzvmes

Definition: Restriction enzymes are biologic

order to defend themselves againsl VIruses.
from the chromosop L

are necded to isolate the gene 1 pieces 1o do o
. - small pieces
NA molecule into defined smail | O gen

al scissors produced by bacterj, i_

Restriction enzymes
fragmenting the linear D

analysis.
2 = z i -2
How do the restriction enzymes Wol k'
oonize 1ts restriction site which 1s ©

TR - {4 to 6 base Paj
Restriction enzyme rec
sequence.

e.0. consider this DNA molecule:

b e
—

* ATCOCATGAATTICGTAL onmenns 1" non — transcribed
" TAGGTACTTAAGCATG oovvnmen 5 ranscribed

this molecule is subjected to an enzyme which has a restriction site:

L

'JJ

5" GAATIC 3
"CTTAAG 3’
Indicate the number of sites that cut the above DNA molecule then indicate

the number and the sequences of fragments formed by this enzyme for the
rwo sequences knowing that the enzyme reads DNA from 57 to 3” and the cut

is done between G and A.

a4

Restriction map : Application

¢.g1) A DNA molecule is subjected to enzyme A, B then enzyme A and B at the
same time, the following [ragments are obtained: -

1000bp 1200b.p igzhlp
A{600 By A +B;
- 800 600
200
Draw the restriction map.
[1400b.p 1100
e.g2) Al 400 g/ 1°00 A o ) 300
~EDU 500 ' 300
200

Draw up the restriction map.,
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DN A Geleleetrophoresis

i e s120 OF 1SS WO o6 the 1ODNA I} H'“l' s can i"L‘ I'.|'.L;L‘”Hi|-i'..'!hi ',-I‘ 9 1'.';',,'."51"l"i it
T\\ ‘Ih 'k Jd | hl-.n.ni"'“h ore wt

5
#owey
Hu\- y 1N
L]

1) Use restriction en: ymes to cut the DNA into m: any lragments

i Fear rhas 1 ' - .
2) Put this maxture of DNA Iragments in a well made at one side

- Apply an electric current by putting the negative electrode at the sids
the wells and the positive L[Lu:mh_ at the opposite side since DNA has
m_ﬁ.hn ¢ char = due 10 115 phmph:m, group.

P T W

4) The bands are visualized by staining them with ethidium bromide an
tluoresces under ULV light.

Result: The tragments of DNA will migrate toward the positive side in a wa
that the smallest in size is fastest and closest to the positive electrode.

DANRRNVARDYRANNRRIYS
ey A
© DNAcutwitha restiction enzyms
100 b F-L i 290 b i ‘GI]'L:II[}
: ﬂﬂﬂ!l"" ; 200 base pairs 4 ch
RVAU T me&ﬂ DN wrﬂ,f

mmue prazed in this well

¥ - -\-"’-_ 1
e e e L
15K é s ~- | : 2 §
‘: : |:!.i-ﬂ. -
E.'.l' i 10C base pars
Ge! elactrophoresis of ONA .-_-Y.___—J
sandards of known sr2e

! - —— . e—— . e ——

= N Uy
F [

How can we know if the sene has 2 similar or 2 different alleles?

c.¢0) The alleles of the gene are subjected to the same restriction enzyme.
20b.p

Allele | + enzyme A = {30

40

20b.p

Allele I + enzyme A = {30
40

. No mutation between the alleles .
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&) Allelel ! cazymec A = I4Ub.p
160

20b.p
Ailele IT + enzyme A = 130
30

L

"~ Mutation took place and the alleles of the gene are not identical.
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Document 5: Genetie identify of individuals.

- FISH fechnigue (Finorescence in Situ iiyvoridizaiiony

Purpose of FISH: To determine the location of specific DNA sequenc:
(location of a gene).

Steps ¢
|- Denature the double stranded DNA into single strands.

>~ Add labeled. radioactive and specific probe to the single strands in order

to hvbridize with them.

3- Observe under a fluorescent microscope
Observation : As a resull, the chromosome shows a fluorescent dot and
hence the gene or the DNA sequence is located.

2. Genetic maps:
Genetic map is the distribution of genes on a chromosome.

3- DNA finger print (Jeffreyvs technique)
Purpose: To show the uniqueness of the genotype.

Steps :
I The DNA of two individuals is cut with the same restriction
enzyme.
2. DNA fragments are separated by electrop herosis.
3. Fragments arc then transferred (blotted) and fixed onto a solid
ue is called "Southern

membrane (filler paper). This technig

blotting".
Put the blotting paper in a mixture containing radioactive 32P-DNA

4.
_whieh-is—a—{rasment-of DNA—complementan—{0-a-seqUencs that

occurs frequently through out the genome. (repetitive sequence).
5 Observe the fragments by auto radiography (x-ray film),

. The resulting pattern of bands for each individual 1s

Observation : ndivie
referred to as a DNA finger print and is uniquely characteristic for that
individual.
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h,f\*"_! r*i

oA T
' IRENi vl T
{ weineny | ' [ restnclion’ -| |
| e t.\E‘I @ @%! rf?gmnnla JL T uI '!“.554[:.;
N m I !.1 I
1 O m : HHL]”[
bitchalic i) 1

Q C25iet on iler panier chﬂ aturaiion and hybridization

\=aang with a radioactive proba

25 of the Jafreys technigue.

- DNA Firlger print in paternity testing

e uilqueness of our DNA finger print can be used to de

El:“ b termine parent K
r.i of a child's DNA finger print should be shared with [:nh:.!: the fatf?:js

or the mother's DNA Il]l”LI'I'H'l!'ll

AT —
F C M - |
¥ 1 —-_|' s ! . F H
&Y
@
@ ™ @ @
o
pF = father ) -
C =child
M = mother |
In each case whj 'l
: ich fa |
| ther I —— A —
IS the real one? Justi fy. j 'I
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Chapter : Four
Human Genetics

Document 1 : Constructing a pedigree: symbols used

| = Normal b{}}" O = Normal ojr]
. = Diseased boy

‘—O = Mating <> = Fetus

| = ldentical twins

= Fraternal twins

= Consanguineous Mating

PO —— -

_
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Document 2 : Autosomal discases

Cvstic fibrosis : a recessive disease
Cystic fibrosis is a severe disease leading 10 respiratory and digestive problems.
The gene for cystic fibrosis is found on the pair of autosomal chromosomes

SCVET.
| O
_ | 2
u O e Ol O
5 4 3 6 Q & 9
11 ﬁ O 4 6
10112 3 14 15
I\ ‘ HE N
6 17 18 19 20
DOC -a

Write the genotyvpe of the family members represented in the pedigree of doc a.

Prediction of a genetic risk
The frequency of cvstic fibrosis is relatively high due to the large number of

heterozygous.

For example, in France. heterozy gotes form 5% ol the population.

In a randomly chosen couple without a family history for this disease, the
]/

probability of a female being heterozygousis 25 ..

. I
he risk fi ~ouple to be both heterozvgous 1s then — % — =—— and the
The risk for the couple t«c 50 20 400

I

4

Risk = Risk of the father to be hyvbrid x Risk of the mother to be hybrid
x Risk for the couple to have a diseased child.

I I |

Rjﬁk — Y o———
00 4 1600
Example : Calculate the risk for a couple to have an affected child (Doca)
a) If thev already have an affected child.
b) If each one has an affected sister.
c) If neither of them has a famuly history.

risk to get a disecased child 1s

63
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Huntington's chorea: a dominant disease
Ly B s e

1S GisCass ._1} j"—'“—’ ”“}J ;n .u._:n::; IL‘,CL‘:,'C;I] :rﬂ :;i-:l.: _-'-i: -\ ol ILI}L.I I[ 15 L!Lh._ s
lesion of centain neurons of the central nervous system. It 1s dominant g,
autosomal discase. its gene carried on the chromosome fDllI'.
| &
I 2
i O
3 4 3
111 O
6
_ 7 8 y
1V '
| DOC - |y
11 12
Write the genotypes of the family members remr i
! ) nbers represented in

the pedigree | (doc b))
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Document 3 ¢ Sex — Linked discases

Sen chromosomes
Qe chromosomes X and Y or gonosomes ha

L |
- | E ] .I - ¥ =
.th a Nnon=-Nomaologous one

T I|
% 5§y l["l-‘*‘l Y Eha - il
LICTIL S bealed Oon e homi ICEOL LIene ~ A4 5
LR |
13 'r'i 1 & T - | 1 _1

segment have two alleles both in male S4LS LA -

L -

..-! 'a.n.lu - .] i '[,_hr oo 4 ) i

1 T LA JSJ LliLd engve weige & alrc 1 !
% 11[ L B L S Ty . __-1‘-- .. i = F O L a oy - - -
QULIOSOMAL QoS In maies, wWin eiprc 13 At
- . - ¢
{__‘“ 1'1"': ¢ 1[‘!E I 1."1 fl‘r-]' i ! ] 1 I""_,‘"'. W r‘: AL o g 8 - ¥ e -.'--
I‘FI“'"‘ LSS LO R L) LR il I I. '-h}lll'lil' l! {”.J l.+l'~\. ¥ Lok ™ L, dadiled &da = R : - -
3 ;
I
¥

- LA I | T Tl g ' o r— Fia " e B Nt . ]
seament are expressed differently in who never express the genc

b & —r

males and females and thus said to be

q:\-irxlkm‘ | S—
4 . —_—_— SR m}h&!ﬂ
- QGenes of the X chromosome exist 2 ok =4

In one copy in males and two In ;%% |
females. Males will thus express the '
single allele they have. ah:.:her tis | oekiis | B s
dominant or recessive. Females Vg & | b 90 B e
sxpress the dominant allele in the | S l':';'s'—f'-:g )
homozveoous and  hetero z}'gnus 1 -
states while the recessive allele Doca Shematic representation of X and Y sax cheom
SETES

expressed only in homozygotes.

Duchenne muscular dvstrophv =a recessive disease -
Myopathy or Duchenne muscular dystrophy 15 a ﬂnnc}sn*rf-.! disease carried on X

chromosomie and the affected girls only are not viable.

! 2
ch: o | (t\ -
3 | 3 5 __ I . |
1 — o "
il t | O : | .
12 E 14 15 16 17 I8 10 20 i %

i ily ' ssented in the pedigree Doc.b.
Write the genotypes of the family members represented in the pedig

a dominant disease

Vitamin-ressitant rickets,
ease carried on SeX chromosome X

Itis a gonosomal dominant dis

-
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B ()
T | 3
[ “' l ::]
1 3 E J O
5 b
- 6 @ [
7 8 9

Doc-c¢
Write the genotype for each member of Doc. ¢

Example 1 : Consider this pedigree

——C

QE ® [

4 3 :
- &)

1) Is the allele of the disease dominant or recessjye? lustify

2) Discuss logically the chromosomal localization.

3) Write the genotype for 1, 2, 4 and 6. Justify.

Example 2 :

i3 &
| 9

e wd

1) Is the allele of the disease dominant or recessive? Justify
2) Discuss logically the chromosomal localization.
3) Write the genotype for 1, 2, 5 and 6 . Justify.
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[Example 3

3 c} 3 0 ]
1) Isthe allele of the disease dominant or recessive? Justify.

2) Discuss logically the chromosomal localization.

3) Write the genotype for 1,2, 4 and 5 . Justify.
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Document 4 : Chromosomal mutations

Abnormalities in chromosome number

Autosomal abnormalitics :

Trisomy 21: Down syndrome
Such individuals are characterized by the presence of 3 copies of Chfﬂmgg%

21 instead of two.

Symptoms: Oblique eyes, short hands, one palmar crease, cardiac dcmmm
and mental retardation. Sexual maturity 1s usually attained.

Trisomy 21 with transcolation: One of the three copies of chromosome 214

translocated and attached to another chromosome.

¢.g. Consider these karyotypes

SO <

] 2 ]

i

#,

s (4( NN

3
Normal Karyotype

P2

<

-
2

((

irisomy 2

<

l

N

~
3

t-J

(

-t

=

Normal Phenotype but
abnormal Karyotype

e
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I Kll’&'n'l'yi!'m ol n perann whn heg the trisnmy ™

AlGg

;
H
M B e

i ¥ oo Piits M
.|..-.|-,'|ﬂ' !-fr..-'i- !"|' K
i T o TR Bl

Sex chromosome gonosome abnormalities:

Turner svndrome (XQ)

Such disease s characterized by the absence of a copy of X chromosome.
It affects onlv women and has the following symptoms:

Patients are sterile due to the atrophy of the ovaries,
They have a short stature.

Secondary sexual characteristics don’t develop.

69
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¢ syndrome (XXY)

Kline Felte |
the presence of an extra cop, ¢

characterized by
e following symptoms:

Quch disease 1S

v It affects only male and has th

thmnmmmc

; > testes.
batients are sterile duc 10 the atrophy of the test

exual characteric,:
They exhibit both male .nd female secondary SEXU eristy

(abnormal development of breast).

- They are mentally retarded.

i ,
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Document 52 P renatal diagnosis

Aethods vsed an prenatal diagnosis
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Mustranan of the steps of preaatal thapousi
A = amniocentesis
B = chorionic villus biopsy
C = Fetal blood
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