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FIGURE 10-6

Electron micrograph of the DNA molecule of T-even phage released from the phage head
by osmotic shock. Center: The phage ghost. Bottom right and top center: The two ends of
the DNA molecule. [From A. K. Kleinschmidt, D. Lang, D. Jacherts, and R. K. Zahn,
Biochim. Biophys. Acta 61, 857 (1962).]
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Selected Genome Projects

Category Species Genome size (Mb) Genes
PROKARYOTES
Actinobacteria Mycobacterium tuberculosis 4,4 4397
Chlamydia Chlamydia pneumoniae 1,1 1000
Cyanobacteria Synechocystis species 3,6 3215
Gram-positive bacteria Bacillus subtilis 4,2 4221
Mycoplasma genitalium 0,5 503
Oxygen-reducing bacteria Aquifex aeolicus 1,5 1572
Proteobacteria Escherichia coli 4,6 4397
Haemophilus influenzae 1,8 1791
Helicobacter pylori 1,7 1609
Rickettsia prowazekii 1,1 834
Radioresistent bacteria Deinococcus radiodurans 3,2 3000
Spirochete Borrelia burgdorferi 0,9 1279
Treptonema pallidum 1,1 1082
Archea methanococcus jannaschii 1,6 1813
EUKARYOTES Chromosomes
Fungi Saccharomyces cerevisiae 16 12 6548
Nematode Caenorhabditis elegans 6 97 19000
Insect Drosophila melanogaster 6 137 13500
Plants Arabidopsis thaliana 5 116 25545
Fish Fugu rubripes 22 400 25000
Human Homo sapiens 23 3000 25000
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In spite of their much larger DNA content vertebrates have
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Genome complexity
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Some Data on Human Genome

« 3.1647 Bhp

 Average gene is three thousand bp long

*The longest gene (for dystrophin) is 2.4 Mbp long
 Total number of genes is estimated to be 25 000

* Less than 2% of DNA encode proteins

« Over 50% of identified genes have unknown functions
» Over 50% of junk DNA are repetitive elements

« Around 20% of our genome is transcribed



Importance of chimp genome

Medical Condition

Definite

HIV progression to AIDS
Influenza A symptomatology
Hepatitis B/C late complications

Malaria
Menopause
Likely

E. coli K99 gastroenteritis
Alzheimer’s disease pathology
Coronary atherosclerosis

Epithelial cancers
Speculative

Menstrual blood loss

Early fetal wastage

Human

Common
Moderate to severe
Moderate to severe
Susceptible
Universal

Resistant
Complete
Common
Common

Variable
High

Great Apes

\ery rare
Mild
Mild
Resistant
Rare

Sensitive?
Incomplete
Uncommon
Rare

Lower amount?
Low?






Integrace genomiky do mediciny

* Molekularni diagnostika
* Genova terapie

* Personalizovana medicina
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jednotlivé enzymy hemové syntézy, vedou k sedmi typum porfyrii.
Cesky soubor 2100 porfyrika je celosvétové unikatni délkou
sledovani i rozsahem.



Lidsky genom — etické aspekty

« Duvérnost dat (rodina, zaméstnavatel, pojiSt'ovna, adopce)
 Patentovani genu (vlastnicka prava)

* Genova terapie (somaticke bunky vs. zarodecné bunky)

« ,Pozitivni* genove inzenyrstvi

Lidské bunky — eticke aspekty
- Klonovani
 Embryonalni kmenove bunky



Francis S. Collins
Rec¢ Zivota -
- DNA a revoluce v personalizované mediciné

Edice Galileo, Nakladatelstvi ACADEMIA 2012






Applications of Molecular Genetics

1. Transgene organisms

- Microorganisms producing important proteins
(enzymes, hormones...)

- Higher organisms producing important proteins
(e.g. in milk)

- Improved organisms (e.g. for agriculture,
bioremediations...)

2. Diagnostics (prenatal, infections...)
3. Forensics (DNA tests)
4. Gene therapy
- Somatic cells
- Germinal cells
- ,Positive” gene engineering
5. Protein engineering



Biotechnologické a biomedicinské centrum
Akademie véd a Univerzity Karlovy

BIOCEV



Mise projektu BIOCEV

,Vybudovat centrum excelentniho vyzkumu jako soucast
Evropského vyzkumného prostoru a garantovat rozvoj
modernich biotechnologii a biomediciny ve prospéch
védeckého pokroku a spolecnosti”



Vedecky program

Funkcéni genomika - charakterizace komplexni funkce gent véetné jejich
interakci, zejména se zamérenim na molekularni podstatu chorob

Bunécnad biologie a virologie - asociace nadorovych onemocnéni
s virovymi infekcemi, regulacni mechanismy transformovanych a
kmenovych bunék a mechanismy interakce mezi patogeny a hostitelem

Strukturni biologie a proteinové inzenyrstvi - vyvoj a produkce
rekombinantnich protein( s praktickym vyuzitim (napfr. pfiprava léCiv
cilené smérovanych do patologicky postizenych oblasti organismu)

Biomaterialy a tkanové inzenyrstvi - vyvoj syntetickych polymernich
terapeutik a diagnostik a vyvoj polymernich materidlt pro tkanové
nahrady v regenerativni mediciné

Vyvoj lécebnych a diagnostickych postupi - studium molekularni
podstaty chorob smérujici ke zlepSeni diagnostiky a ziskani udaju
vyuzitelnych pro dalsi studie terapeutickych moznosti




Zdakladni pilife projektu BIOCEV

Vyzkum a vyvoj

+ spolecny projekt prednich védeckych
instituci CR

» zaméfeni na celosvétoveé vyznamné
a v posledni dobé se rychle rozvijejici
biotechnologické a biomedicinské
Obory

+ vznik komplexné technologicky
vybaveného pracovisté

» integrace do evropského vyzkum-
neho prostoru

Vyuka
a vzdélavani

Transfer vysledku

vyzkumu do praxe

-

Vyuka a vzdélavani Transfer vysledku vyzkumu do praxe
vzdélavani studentl magisterského a doktorského studia « dlraz na pievedeni vysledk( zékladniho vyzkumu do
ve stimulujicim prostredi prednich védeckych kolektiva praxe, zejména v humanni a veterinarni mediciné
AV CR a UK - intenzivni spoluprace s komerénim sektorem
rozvoj novych studijnich obort « ddraz na ochranu dusevniho vlastnictvi a na jeho dalsi
Skoleni pracovnikd podnikového sektoru vyuziti (vznikne oddéleni transferu technologii, jehoz
popularizace a medializace biomedicinskych a biotechno- ukolem bude nejen chranit vysledky prace védca BIOCEV,

logickych obor( ale i maximalizovat jejich ekonomicko-socialni prinos)
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Life Without the Double Helix

The Secret of Lite 1]




Importance of “junk” DNA

» Syncytin (adapted ancestral env polyprotein of HERV-W family)

» Social behavior in rodents (and possibly humans).
Microsatellite instability generates diversity in brain and
sociobehavioral traits

P Regulation of gene expression and promotion of genetic
diversity. Retrotransposons regulate host genes in mouse
oocytes and preimplantation embryos

P Antifreeze-protein gene in fish

» Source of microRNAs. Highly conserved non-coding sequences
are associated with vertebrate development

» LINE-1 retrotransposition is involved in repair of broken DNA
strands



Pax genes: the vertebrate proteome is markedly larger than the
amphioxus proteome:

Protein isoforms

PAIRED OCTA-  HOMEO-
DOMAIN PEPTIDE DOMAIN

Pax-3/7 e e e 5 R

Pax-2/5/8

Pax-4/6

Amphioxus




Studium molekularni podstaty familiarni
juvenilni hyperurikemické nefropatie

(pozicni klonovani podminujicich genti, charakterizace
mutantnich proteinu, studium vztahu genotyp-fenotyp)



Mutace uromodulinu

229 236 273 317

v _

II!H

Analyza 20 rodin Cys32Tyr - Cz5
: Cys126Arg - GB2

chr.16 + 4 mutace/7 rodlr_1 Met229Arg - Cz2
chr.16 - 1 mutace/13 rodin Pro236Leu - GB7
Val273Phe - Be2

1 mutace nalezena u sporadického piipadu | €ys3171Iyr - Cz1

FIHN je geneticky heterogenni onemocnéni



Cytochrom c oxidaza



DNA analyzy u 180 déti s defektem cytochrom c oxidazy

(nejvétsi svétovy soubor déti s COX deficienci)

mutace v SURF1 genu 45 déeti
mutace v SCO2 genu 9 déti
mutace v mtDNA 18 déti

Imunoelektroforetické analyzy
Poruchy asemblace COX v srdci a mozku u déti s mutacemi v SCO2 a SURF1

% control % control
kba 10 50 100 P1 P2 P3 P4 5 50 100 P1 P2 P3 P4

669 —
440 —

232 — ™8

140 —

66 —

SRDCE MOZEK



Etické, pravni a socialni otazky

Kdo ma mit pristup ke genetickym udajum jedince?
Jak ma a smi byt dédic¢na informace pouzita?
Patenty, autorska prava a obchodni tajemstvi
Vlastnicka prava

pojistovny, zaméstnavatelé, soudci, ucitelé, organizace

zprostredkujici adopci, armada???



Lidsky genom — etické aspekty
Duvérnost dat
Patentovani genu

Genova terapie (somatické bunky vs. zarodecné bunky)
»Pozitivni“ genové inZenyrstvi

Lidské bunky — eticke aspekty
Klonovani
Embryonalni kmenové bunky
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FIGURE 10-6

Electron micrograph of the DNA molecule of T-even phage released from the phage head
by osmotic shock. Center: The phage ghost. Bottom right and top center: The two ends of
the DNA molecule. [From A. K. Kleinschmidt, D. Lang, D. Jacherts, and R. K. Zahn,
Biochim. Biophys. Acta 61, 857 (1962).]



Selected Genome Projects

Category Species Genome size (Mb) Genes
PROKARYOTES
Actinobacteria Mycobacterium tuberculosis 4,4 4397
Chlamydia Chlamydia pneumoniae 1,1 1000
Cyanobacteria Synechocystis species 3,6 3215
Gram-positive bacteria Bacillus subtilis 4,2 4221
Mycoplasma genitalium 0,5 503
Oxygen-reducing bacteria Aquifex aeolicus 1,5 1572
Proteobacteria Escherichia coli 4,6 4397
Haemophilus influenzae 1,8 1791
Helicobacter pylori 1,7 1609
Rickettsia prowazekii 1,1 834
Radioresistent bacteria Deinococcus radiodurans 3,2 3000
Spirochete Borrelia burgdorferi 0,9 1279
Treptonema pallidum 1,1 1082
Archea methanococcus jannaschii 1,6 1813
EUKARYOTES Chromosomes
Fungi Saccharomyces cerevisiae 16 12 6548
Nematode Caenorhabditis elegans 6 97 19000
Insect Drosophila melanogaster 6 137 13500
Plants Arabidopsis thaliana 5 116 25545
Fish Fugu rubripes 22 400 25000
Human Homo sapiens 23 3000 25000




Some Data on Human Genome

« 3.1647 Bhp

 Average gene is three thousand bp long

*The longest gene (for dystrophin) is 2.4 Mbp long
 Total number of genes is estimated to be 25 000

* Less than 2% of DNA encode proteins

« Over 50% of identified genes have unknown functions
» Over 50% of junk DNA are repetitive elements

« Around 20% of our genome is transcribed



HERV

Human Endogenous Retroviruses (Example of HERV H)

rv_888219 on ch 21 family HERVH
3430 kb

HERWH conzensus

Color coding: Internal Internsl nsed for classificanon LTE LTR used for classificaton ©ther HEEY Cther exo




HERV

Human Endogenous Retroviruses (Example of HERV L)

rv_B888099 on ch 21 fanily ERVL-B2
3422 kh 34229 kh

3421.3 kh 3423 kh 3423.9 kb

Hininininilinin

ERYL-BZ conzensus

Color coding: Internal Internal nsed for classificaton LTE LTR used for classification Other HERY Other exo

rv 888219 on ch 21 fanily HERVH
3430 kh 3433 kh
| L L

(T 11 [ ] [ ][] verit consensus
+

Color coding: Internal Internal used for claseification LTR LTR used for classification Other HERY Other exo



HERV

Human Endogenous Retroviruses (Example of HERV 16)

rv_881974 on ch 12 fanily HERV1G
- 200 kh — 210 khk

LB PV N

HERY1E consensus

Color coding: Intemnal Internal nsed for classificanon LTE LTR used for classificanon Other HERY Other exo

rv_888219 on ch 21 fanily HERVH rv_8a88s9 on ch 21 family ERVL-B2
343? kh 3437 kb 3421.5 kb 3422 kb 3422.5 kb 3923 kb 3423.5 kb
L L L L 1 1 1 1 L 1 L L L 1 L 1 1 1 1 1 1 1 | 1 1 1 1 1

0, | . minlSlslslnlni

T T [ ] [ ] ] Herw consensus ERVL-BZ consensus
R

Color coding: Internal Internal used for classification LTR LTR used for classification Other HERV Cther exo Color coding: Internal Intemal used for classification LTR LTR used for classification Other HERY Other exo



Evolution of Primates
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SCANNING THE GENOME

To find the parts of our genome that make us human, the author wrote a computer pro-
gram that searched for the DNA sequences that have changed the most since humans and
chimpanzees diverged from their last common ancestor. Topping the list was a 118-letter
snippet of code known as human
accelerated region 1 (HAR1). This
region of the genome changed very
little for most of vertebrate evolu-
tion, with chimp and chicken se-
guences differing by just two letters.
Human and chimp HAR1s, however,
differ by 18 letters, suggesting that
HAR1 acquired an important new
function in humans.

Human
Common ancestor of
humans and chimps
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BRAIN SHAPERS: Changes
to certain genome
sequences can have
dramatic effects on the
brain. Mutation of the
ASPM gene, for exam-
ple, leads to markedly
reduced brain size (mid-
dle) compared with a
normal brain (fop),
suggesting that this
gene played a key role in
the evolution of large
brain size in humans.
Malfunctions in the
neurons in which HAR1
is active during develop-
ment, meanwhile, can
lead to a severe disorder
in which the brain's
cerebral cortex fails to
fold properly (bottom),
hinting that HAR1 is
essential for the forma-
tion of a healthy cortex.




FOXP2

Mutations lead to articulation impairment (KE family).
Only three aa changes between human and mouse.

Two specific changes [thr -> asp (233) and asp -> ser (325)]
appeared 100 000 — 200 000 years ago when Homo sapiens

appeared.



Evolution of FOXP2

Human

0/2

0/5
Chimp

Gorilla

Orang-utan
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MYH16 inactivation
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DISTINCTIVE DNA

Effiorts to uncover uniquely human DMA have ylelded 3 numiber of sequences that are
distinctive In humans as compared with dimpanzees. A partial list of thess sequences—
and some of thelr functions—follows below.

SEQUEMNCE: HAR1

What it does: Active in the beain;
may be mecessary for development
5 I:I'f#l! cerebral cortex, which is
espeecially karge in bumans. Possibly
also immoived in spemm production.

SEQUENCE: Foxr2

Whatit does: Facitates formation
s Ofwonds by the mouth, enabling
modern human speech.

What it does: Faciitates digestion
y ofstarch, which may have enabled
early fmans to exploit novel foods.

SEQUEMNCE: ASPM

Whatit does: Controks brain size,
§ which has more than tripled over the
courss of basman evolution.

SEQUENCE: LcT

Whatit does: Permits digestion
of milk smar in adulthood, aliowing
people o make milk from domest-
cated animals a dietary staple.

SEQUENCE: HAR2

What it does: Drives gene actiwity
inthe wrist and themb during devel-
opment, an activity that may hawe

given the hand Encwsgh dexterity tn
malke and use compley tools.




