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Second year, Second semester, 2014-2014

Principles of Genetics and Molecular Biology



Syllabus and references

@ Part I: Cell biology (Dr. Mamoun Ahram)

2 The Cell: A Molecular Approach, Geoffrey M. Cooper
and Robert E. Hausmann, 6th edition, Sinauer
Associates, 2013.

@ Part ll: Molecular biology (Prof. Said Ismail)

2 Mark's Basic Medical Biochemistry, Smith, Marks

and Lieberman, Lippincott, Williams and Wilkins,
2009.

@ Part lll: Genetics (Prof. Mohammad El-Khateeb

2 Emery's Elements of Medical Genetics, Muller &
Young, Churchil Livingstone, 13th edition, 2011.



The origin of life
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DNA homology

Aligning
¥ iml * ZE0 * 300 * 320
species | TCAARGATTAARC-CATSCATGTCARAGT--ACALGLCT EL -G GA-ALCCEC AR THHCTC AT TA AL ——TCA

specics 2 TCARMGATTAAGC -CATSCATGTC TAAGT--ACARTCCTCTTCA-G5—-GAGA-AACTICSARLGGCTCATTALL —-TCA
species 3 TrALARATTAARE -CATICATHFT N CAMRT——ArAAGTCTRAS - RA-AACCSE S AR TR T AT TA AL —— TR A
species 4 TCALAGATTAAGC-CATZCATEIC TAAGT——ACACNCCC-LTCT GCEA-AACCEC ZAATGECTCATT ——TC.A

species 5 TCARABATTAAGC - CATZCATGTC TAAGT - —ACACGCCG-LTCT

species 7
species B TCAMMGATTARGC-CATSCATGICTAAGT-—ACALGCCG-ATTT

species b TCAAAGATTAAGRC-CATICATGTCTALGT-—ACACGLC G- AACT 4
TCE TETCTCGTTSC 2 TSC-TETC TAAGT ——ACAAGCC F—4ATTC 4

COEL-AACCEC AR TEECTCAT TA AL —~TCA
GCGA—AACCECEAL TGO TCAT TALL ——TCA
GCGh—AACCIC AR TEECTCATTAAL——TCA
CLoA—ARCCFCAMTEECTCATTARL ——TCO

species 9 TCARLGATTAAGC -CATSCATETGTAMGT--ACANGCCG-ATGT G Gh-ALCCECFALTHEETCATT --TCa
species 10 TCALAGATTAAGE - I:ET:CA'I‘GTC'IT-]TI]GT——AEA———CETETI}——GI}——GEGA ALCCSCEAR T TCAL TAALA-TCA
species 1] TCALAGATTAAGC - CATCATETC TAAGT--ACANGCGLTATG—-C6--GCGA-AACCSCFARTEGCTCATTALL ——TCA
species 12 TCARAGATTAAGC - CATCATETC TAAGT - -ACAAGCCCCTAGA-CG—--GGA-ARCCICARTEOCTC AL TALL ——TCA
species 13 TCAMLGATTAAGC - CATSCAGETC TAAGT--ATANGCCCALATA-Ak—-GTGA-GACCSC AR TG TCATTACA—-TCA
gpecies 14 TRALARATTAAGRE -CAT FRA AT TAART——Ar GART LA L ATA- LAT-FRA- AN SN A AT TR ATTACA—- TR A
species 13 TCALAGATTAAGE - CATSCAGETC TAAGT - —ACATGCTCT TATA-TATGE AL - FACTSCSARCEGCTC AT TACA—-TCG
species 16 TCAAACATTAACC CATICATCTCTAACT ELEELE.FLECM CTCA AAMCCICIARTCCCTCATIALD TCA
species |7 TCAAABATTAARC - CATICATETC TAAGT——ACAMLCCCTACAL-BG--CTGA-AACCICIARTEOCTCATTAAL ——TCA
species |8 TCAMMGATTARGC - CATSCATETC TAMGT-—ACATGCCGCL “GCGA-ARCCECEALTEHETCAT TALL ——TCL
species 19 TUARARA T TAAFL - Uil U8 1F L TAMFL - —AL4 THL AL -4l - 15 17A—- AALL 5L 740 1 TLA LA L ——-La
species 20 TCAGAGATTAAGC - CATZCATETC TAAGT - -ACACACCTTCATA-CG--GTGA-AACCSCFARTECC TCATTALL ——TCA
species 2] TCARLGATTAAGC - CATCATETC TAAGA--TCA-ACCTCGTCT-CG--CEGACAACTSCSGATEGCTCATTALL —-TCA
species 22 T AALGATTAAGC - CATSCANGTATC AGT--ACAAGCCTCACTN-AG- -G GA-ARCCSC AR TG TCATTALL —-TCA
species 23 TCALAGATTAAGC AL CTCATETC TAAGA--TCATGCCCALAC (EAT) - GUGA- AACC L SARTEGCTCATTALL ——TCA

Ak ¥ Vierstraecde |99




Humans and others

Histone H1 (residues 120-180)

HUMAN KKASKPKKAASKAPTKKPKATPVKKAKKK LAATPKKAKKPK TVKAKPVKASKPKKAKPVK
MOUSE KKAAKPKKAASKAPSKKPKATPVKKAKKKPAATPKKAKKPKVVKVKPVKASKPKKAKTVK
RAT KKAAKPKKAASKAPSKKPKATPVKKAKKKPAATPKKAKKPK IVKVKPVKASKPKKAKPVK
COW KKAAKPKKAASKAPSKKPKATPVKKAKKKPAATPKKTKKPK TVKAKPVKASKPKKTKPVK
CHIMP KKASKPKKAASKAPTKKPKATPVKKAKKK LAATPKKAKKPKTVKAKPVKASKPKKAKPVK
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“We are all Arabs”!!

The Arabian Cradle: Mitochondrial Relicts of the
First Steps along the Southern Route out of Africa

Veronica Fernandes,!-2 Farida Alshamali,® Marco Alves,! Marta D. Costa,!2 Joana B. Pereira,!-2
Nuno M. Silva,! Lotfi Cherni,** Nourdin Harich,® Viktor Cerny,”® Pedro Soares,!
Martin B. Richards,211 and Luisa Pereiral.10.11.*

A major unanswered question regarding the dispersal of modern humans around the world concerns the geographical site of the first
human steps outside of Africa. The “southern coastal route” model predicts that the early stages of the dispersal took place when people
crossed the Red Sea to southern Arabia, but genetic evidence has hitherto been tenuous. We have addressed this question by analyzing
the three minor west-Eurasian haplogroups, N1, N2, and X. These lineages branch directly from the first non-Atrican founder node, the
root of haplogroup N, and coalesce to the time of the first successtul movement of modern humans out of Africa, ~60 thousand years (ka)
ago. We sequenced complete mtDNA genomes from 85 Southwest Asian samples carrying these haplogroups and compared them with
a database of 300 European examples. The results show that these minor haplogroups have a relict distribution that suggests an ancient
ancestry within the Arabian Peninsula, and they most likely spread from the Gulf Oasis region toward the Near East and Europe during
the pluvial period 55-24 ka ago. This pattern suggests that Arabia was indeed the first staging post in the spread of modern humans

around the world. /

Arabia was indeed the first staging post in the spread of
modern humans around the world.

The American Journal of Human Genetics 90, 1-9, February 10, 2012



Genetic relatednessiofworld populations

San (Bushi ]
Mbuti Pygmy
Bantu

Nilotie

West African

Southeast Indian
Lapp

Fibiapia N - -
Southeast Indian |

Berber North African

Lapp
Berber North Africanl
Sardinian

Sardinian
Indian

_—:
{C
L ——
—L=

_

=

P

ISouthwest Asian
Iranian

Greek

Basque

Italian

Danish

English

Samoyed
Mongol
Tibetan
Korean
Japanese
Ainu

North Turkic
Eskimo

Chukchi

South American Indian
Central American indian
North American Indian
MNorthwest American Indian
South Chinese

Mon Khmer

Thai

Indonesian

Philippine

Malaysian @
Polynesian

Micronesian

Melanesian

New Guinean

Australian

. . 0.05 0.0
L 1 1 1 ] e

Cavalli-sforza et al., 1988

tic Distance (Fst)

-

b-u-"’\

African
Caucasoid
Mortheast Asian
Arctic

American
Southeast Asian
Pacific Island

Oceanian




Dlisipd

<

ey
SAraclt
b =

S
e
~

@eltiberiz

IN

Aqu anE:iy Jn

OIO'I?ec o 35_:

“LL

Tarraca =
)
Arse,
Iberians, e

TV & mmed el

L e

-~

S,

abz:s o where.|

Slovenians
Spaniards (Cantabrians, Pas)
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Spaniards (Cantabrians, others)
Spaniards (Basques, Arratia)
Belgians

Germans

Czechs

Georglans (Svaneti area)
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Italians (Northern regions)
Croats
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Spaniards (Madrid reglon)
Greeks
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=

Molecular Analysis of HLA Allelic
Frequencies and Haplotypes in Jordanians
and Comparison with Other Frenciaman
Related Populations

Hum Immunol. 2001 Sep;62(9):901-9.

l_q: Spaniards (Cantabrians, Cabuerniga valley)
ordanians
Pablo Sianchez-Velasco, Naif S. Karadsheh,

Alfredo Garcia-Martin, Carlos Ruiz de Alegria, and 9
Francisco Leyva-Cobidan
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Spaniards (Cantabrians, Pas valley)
Spaniards (Madrid region)

Spaniards (Cantabrians, Cabuerniga valley)
Spaniards (Cantabrians, others)

Czechs

Germans

Belgians

Frenchmen

Romanians
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Georgians (Svaneti area)
Italians

Sardinians



Human [mmunology 62, 889900 (2001)

© American Society for Histocompatibilicy and Immunogenetics, 2001

Published by Elsevier Science [nc.

The Origin of Palestinians and Their
Genetic Relatednes 1th Other
Mediterranean Po

Antonio Arnaiz-Villena, Nagah Elalwa, Ca E@

Ahmed Rostom, Juan Moscoso,
Eduardo Gémez-Casado, Luis Allende, Pilar Varela,
and Jorge Martinez-Laso
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“Dr. Ahram may I be excused? My brain is fifl.”



Model systems



Prokaryotic cells (E. coli)

: :
@ Simple, rapid growth, small | e f

genome.

@ They are ideal models to
study basics of biochemistry
and molecular biology.

2 E. coli is used to understand

basic mechanisms of
molecular genetics.

2 It has ~4.6m base pairs/4300
genes/1 chromosome.

They cannot be used to study aspects of
eukaryotic cell structure and function.
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Yeast

@ The simplest eukaryotes with
features of eukaryotic cells.

2 A distinct nucleus surrounded by
a nuclear membrane

2 A cytoskeleton and subcellular
organelles

@ Growth is rapid and as
colonies.

@ 12 million base pairs of
DNA/6000 genes/ 16
chromosomes

ER: reticulum
S: Secretory vesicles

Used to understand DNA replication,
transcription, RNA processing, protein
sorting, and regulation of cell division.
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Dictyostelium discoideum

@ A cellular slime mold

@ More complex genome than
yeast’s, but simpler than that
of higher eukaryotes’.

@ can be readily grown in the *‘[ ‘ 3 e o
laboratory and undergo 2= A8
genetic manipulations

@ Highly mobile cells used to
study molecular mechanisms
of animal cell movements.

. Single cell stage Multicellular stage
Single cells can aggregate

into multicellular structures  =mp— c"fﬁa ‘ﬁ'/\keé:) g f
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Caenorhabditis elegans

More complex eukaryotes

97m base pairs of DNA/~19,000
genes/6 chromosomes

easily grown in lab and genetically =
manipulated

Adult worms consist of only 959
somatic cells starting from 1090.

used for studies of animal

Cell lineage (1080 cells)
development and cell [ e romatoe
differentiation and apoptosis o e ——

Programmed cell death (131 celis)

"death

living cell dead cell
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Drosophila melanogaster
(The fruit fly)

@ 180m base pairs, four chromosomes, 14,000 genes

@ Easily maintained and bred in the laboratory with
short reproductive cycle (~2 weeks)

A . a 1] =3
* unravel genes involved in development and R
differentiation —
* Determine the relationship between genes Oouse Crossover Oeeus
and chromosomes = &%
MUTANTS v
blick body . — vesngiél :m ngs o s + + +

3 €
§ g

short aristae

Homologous Chromosomes Separate (Anaphase )

long aristae long wings

red eyes
long legs gray body red eyes long wings )

WILD TYPE
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msh

wild-type drosophila



http://scienceblogs.com/pharyngula/upload/2006/09/septuple_hox_lg.php

Xenopus laevis (a frog)

@ used in studies of early
vertebrate development.

@ Xenopus eggs are large (a
diameter of ¥~ 1 mm) and .
develop outside of the e ‘
mother o A \
2 stages of development can be -;;-;f-,'"";{'; - l

studied in the laboratory. k .'

@ Used in studying \g R A

NSRRI 1§ A
development, NGRS DA
differentiation, and
embryonic cell division.
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Mice

@ 3000m base pairs, 20,000-
25,000 genes/20
chromosomes

@ Transgenic mice with
specific mutant genes
introduced into the mouse
germ line
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Cultured mammalian cells

® Mammalian cells are
isolated, get immortalized,
and grown in dishes

@ can be manipulated under
controlled laboratory
conditions.

@ Uses: many aspects of
mammalian cell biology,
(DNA replication, gene
expression, protein
synthesis and processing,
and cell division, etc.)


http://www.google.jo/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.mpbio.com/featured.php?fid=8&ei=VcuuVODeKsivUcyugbgK&psig=AFQjCNGaKYJJbdrkYj9B4RjDX5pTpuoLAg&ust=1420827837651713
http://www.google.jo/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.microscopyu.com/galleries/dicphasecontrast/&ei=ecuuVLOrFYG1Ucubg9gK&psig=AFQjCNGaKYJJbdrkYj9B4RjDX5pTpuoLAg&ust=1420827837651713

Viruses

intracellular parasites

They reproduce by infecting
host cells and taking over the
cellular machinery.

In their simplest forms, viruses
consist of genomic nucleic acid
surrounded by a protein coat.

Bacteriophages (bacterial
viruses) allowed understanding
basic molecular genetics.



http://www.ncbi.nlm.nih.gov/books/NBK9941/figure/A154/?report=objectonly
http://www.google.jo/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.scaconference.co.za/?attachment_id=136&ei=R8-uVMaYF5XwaJeGgMAM&psig=AFQjCNEst0SKQzkq8foArNhTFrd_Gx_r-g&ust=1420828830773436

Organelles

TABLE 4-2 Organelles

Organelle

Function

Mitochondrion

transfers energy from organic compounds to ATP

Ribosome

organizes the synthesis of proteins

Endoplasmlc reticulum (ER)

prepares proteins for export {(rough ER}); synthesizes steroids, requlates
calcium levels breaks down toxic substances (smooth ER)

Golgi apparatus

processes and packages substances produced by the cell

Lysosome

digests molecules, old organelles, and foreign substances

Microfilaments and microtubules

contribute to the support, movement, and division of cells

Cilia and flagella

propel cells through the envnronment move materials over the cell surface

Nucleus stores heredltary mformatuon in DNA; synthesizes RNA and ribosomes
Ceﬁ wall* supports and protects the cell

Vacuole* stores enzymes and waste products

Plastid*

stores food or pigments; one type (chloroplast} transfers energy from light
to organic compounds

" Cell walls, large vacuoles, and piastids are found in the cells of plants and some other eukaryotes, but not in the cells of animals.




Membrane
proteins

Major components of cells

@ Nucleic acids
@ Carbohydrates
@ Proteins

@ Lipids (50% of mass of plasma membranes, 30%
of mitochondrial membranes)



Composition and properties of
membranes

Cholesterol is an essential component of
animal plasma membrane.
It is not resent in bacteria and plant cells, M

but latter cells contain sterols.

Table 8 18. Mass % Blochemical Composition of Cell and Organelie Membranes®*" *%% 79653

Mitcchondrion Endoplasmic Ecoli
Liver Cell Red Call Uy=lin Innes /Outer Reticulum (Bacterial
Type of Membrane Molscule  Plasma Membrane Plasma Mambrane Sheath WMembranes Mombrare Mambrane)
Liped 40N 1% 240/ -ABN
Frotesn 0% 57% 19% TN/ 52K 50r% 50%
Calbotyckate g% ‘ .
Lipid Class
Crolkesterol 1% 23% 2% % 6% o
Phospholipeds
Phosphatdylethanolamene 1% 18% 15% 35% 17% 10
Phosphatidytssire 4% ™ % 2% 5% lrace
Phosphatidyichodine 24% 17% 10% [39% a0 0%
Sphingormyadin 19% 18% 2% % "% o%
Ghycolipeds 1% [y 28% tace e 0%
Ceher lipids 2% 13% |3 3 21% 25 3%




Composition and properties of
plasma membranes

@ The phospholipids are asymmetrically distributed
between the two halves of the membrane bilayer.
2 The outer leaflet: ®choline, sphingomyelin
2 The inner leaflet: ® ethanolamine, ®serine, ®inositol (minor)
2 (@inositol has a role in cell signaling.

2 The head groups of both ®serine and ®inositol are
negatively charged making the cytosolic face of the plasma
membrane having a net negative charge.

Outside of cell

Phosphatidylserine  Phosphatidylinositol Phosphatidylethanolamine

Cytosol



Lipid rafts

@ These are clusters of (UipiafRatts
cholesterol and the
sphingolipids (sphingomyelin
and glycolipids).

@ Sphingolipids provide an
ordered lipid environment.

@ Rafts are enriched in
glycosylphosphatidylinositol
(GPl)-anchored proteins, as
well as proteins involved in
signal transduction and
intracellular trafficking.




Lipid rafts and diseases

@ HIV virus

2 Budding may occur from
lipid rafts

@ Influenza virus

< Raft-associated
glycoproteins in envelope

@ Prion disorder

2 Normal prion protein
(PrPc) is converted to
abnormal proteins (PrPsc)
in lipid rafts .
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Membrane proteins
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Peripheral membrane proteins

@ They are proteins that dissociate
from the membrane following
treatments with polar reagents
(solutions of extreme pH or high salt
concentration) that do not disrupt
the phospholipid bilayer.

® Once dissociated, they are soluble in
aqueous buffers.

@ They are indirectly associated with
membranes through protein-protein
interactions, mainly ionic bonds.




Integral membrane proteins

@ Portions of these integral membrane proteins are inserted

into the lipid bilayer.
® They are dissociated by reagents of small amphipathic
molecules.
2 The hydrophobic portions of detergents disrupt hydrophobic

interactions.
2 The hydrophilic part makes the detergent-protein complexes
soluble in aqueous solutions.

Detergent 9
L 1T Q 4
. Ale) f
Q | Mo T N
e L OJ—‘ Hydrophilic group =
“O } 8 =
,SD Hydrophobic tail rE:——J)
-=77 Octyl glucoside "=~ )
: )
CH,OH + —
()‘ s
CHy= (CHa)g— CH, %
HO OH x
H OH

Hydrophilic group  Hydrophobic tail



o-helices vs. B-sheets

® The membrane-spanning portions of
transmembrane proteins are usually a-helices of 20-
25 hydrophobic amino acids.

@ They are usually glycosylated with the
oligosaccharides exposed on the surface of the cell.
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Beta-barrel (example: porins)
(bacteria, chloroplast, mitochondria)



Lipid-anchored membrane proteins

@ Four types have been found:
2 Myristoylation
2 Myristate attached to glycine at inner face of membrane
2 Palmitoylation

2 Palmitate is added to sulfur atoms of the side chains of
internal cysteine residues.

2 Prenylation
2 [t refers to linking of "isoprene"-based groups
2 Attached to cysteine near C-terminus of proteins
2 Glycolipid (glycosyl phosphatidylinositol) anchors

2 The carbohydrate bridges the protein with the fatty acid
chains of the phospholipid (usually ethanolamine)
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Example: farnesylation of Ras

@ Ras is an oncogene that farnesylation is important for its

function and oncogenic activity.
® Farnesyltransferase inhibitors (FITs) had impressive anti-
tumor activity in preclinical cell culture and mouse models,
but they failed in human clinical trials because:

2 FTIs did not block prenylation of other Ras isoforms (N-Ras
and K-Ras) and their tumorigenic activity.

2 There are other farnesylated proteins with important roles in
the cell including growth regulation.

FTIs are considered for the
treatment of other diseases such
as Hutchinson-Gilford Progeria
Syndrome (AKA progeria), which is
caused by mutated gene encoding
lamin A, a farnesylated protein.

o

RAS —C]rs

MK

0
o P-0P . /‘-J‘V\JJ\NL PP;- AAX

\v/

Farn Esyl tran sferase

RAS —Cys-

Farnesyl Transferase Inhibitor

Plasma
membrane




Human cell Mouse cell
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Glycocalyx

@ The surface of the cell is covered by a carbohydrate
coat, known as the glycocalyx, formed by the
oligosaccharides of glycolipids and transmembrane

glycoproteins.

Functions:

e Cell-cell interactions (e.g,
leukocytes)

* Protection of cell surface
from ionic and mechanical
stress

 Formation of a barrier for
microorganisms
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Extracellular Glycocalyx
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Techniques



Centrifugation (ultra-)
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Sedimentation

@ A particle sediments by centrifugation
@ Sedimentation depends on its mass and shape

@ The sedimentation of a particle is constant and can be
defined as a sedimentation coefficient

2 Sedimentation coefficient = 1013 S Svedberg
@ The sedimentation of a particle depends on its
2 Mass (direct correlation)
2 Density (direct correlation)
2 Shape (inverse correlation)
2 The density of the solution (inverse correlation)
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Example: cell fractionation

HOMOGENIZATION
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Two-dimensional gele electrophoresis
(2D-PAGE)

@ In 2D-PAGE, proteins are separated by first, isoelectric
focusing, then through an SDS-PAGE

@ Thus, it allows protein separation based on both

charge and size

Low pH
(+)

SDS-polyacrylamide slab

SDS-PAGE

Isoelectric focusing
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Types of protein microaffays

00077

Direct labeling
Forward-phase microarray

o

Expression microarrays

/§ Y
Indirect labeling
Forward-phase microarray

Functional microarrays

N

Interaction microarray

At

Reverse-phase microarray

Enzymatic microarray
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