DNA’nin ve karakterlerin nesilden
nesile aktariimasini calisan Genetik
bilimine, yani kalitim bilimi dersine

hos geldiniz

Kalitim ve segregasyon analizi nedir



* Biyolojinin iki temel sorusu - genetigin 6zU:
1. Her yeni nesilde benzerlik nasil korunuyor?
2. Cesitlilik nasil olusuyor?



* Yer yuzundeki yasam genlerin kontroli ile
gerceklesir. Boylece genetik, butin biyolojik
bilimlerin merkezinde yer alir.




Genetik neden cok 6nemli?

* Genler hayatimizin her asamasinda vardir.
Yasamimizda genleri etkisi olmayan hicbir olay
mevcut degildir.

* Yer ylzundeki yasam genlerin kontrolu ile
gerceklesir. Boylece genetik, butin biyolojik
bilimlerin merkezinde yer alir.

* Fakat bazi alanlarda genler daha da onemlidir.



Genetik ve Tarim

e Homo sapience, seleksiyon islahi veya yapay
seleksiyon (melezleme islahi ve mutasyon islahi)
ile domestik tiirlerin (kiiltiiri yapilan bitkiler ve
evcillestirilmis hayvanlarin ) genomlarini
degistirir.

* Problem ¢cikarmadan dikkatle yapilmasi gereken
bir stirectir bu. Ne gibi problemler cikabilir?

monokdiltir



* Tarimsal acidan dnemli bir karakteri
kesfettigimizde (ne olabilir bu karakter ?);

eger bu krakter resesif (cekinik ise) ise bu
karakteri cogaltmanin en yaygin yolu
inbreeding yani kendine melezlemedir.



Kendine melezleme iyidir cinku istenilen karakterin
cabucak cogaltilmasini saglar. Fakat monokdultur
olusturma riski vardir.




Monokultur

Monokultlr arzu edilebilir fakat :

Zararh resesif mutasyonlarin poplilasyonda homozigot
olarak birikmesine neden olur.

Patojen ve parazitlere dayaniniklilik zayifliligina neden
olabilir.

Genetik cesitliligin kaybolmasi tur icinde ve turler
arasinda yikima neden olabilir.

Genetik; genlerin nasil ¢calistigini anlamak ve bu

sorunlarin ¢6zmemizde veya sorun olusturmamada bize
yardim eder.




Genetik ve Ticaret

Homo sapience, genleri manuplile ederek insan yasam
kalitesini ytikseltmeye calisiyor.

Mikroplar manuptle edilerek instlin, hormon ve ilac
Ureten bakteriler olusturuluyor.

Bazi diger organizmalar daha kompleks trinler Gretmek
Uzere dizayn edilmeye calisiliyor (6rnegin orimcek agi)




Insanlarin bir cogu genetigi degistirilmis Grinler
vemeye pek hevesli degil




Genetik ve Hukuk

* Homo sapiens, genetik teknikleri kullanarak
insanlari kimliklendirir:

— Forensik durumlar

— Ebeveyn testi

— Tarihi arastirmalar

— Kayip insanlarin tespiti
— Kitlesel felaketler
— Askeri kayit sistemi ve kayiplarin tespiti

— Sosyolojik ve antropolojik calismalar

lllllllll
99999
" Laborgg
ory Fee

Additiongy
llllll
or



Genetik ve Tip

Insan genomu sekanslandi ?

Her gecen glin artan sayida genin gorevi
oelirleniyor.

Genetik hastaliklara neden olan mutasyonlar
tespit ediliyor. 3000 mutasyon kaynakli hastalik

Gerive mutasyonlar ile genetik hastaliklar
diuzeltilebilir

Muscular dystrophy, Huntington hastaligi, cystic
fibrosis gibi bir cok hastaligin genetigi
belirlenmistir.




Gen terapi

1. Hiicreler 2. Laboratuvarda viriis
hastadanalinir g degistirilere, disardan
gen alabilirforma
/ ‘ “ = donusttralar
“ /
’/../ 3. Hastaliga neden
7 . Hiicrelerdeki genlerden & OIan,g‘im,,n (el
ifade edilerek, istenilen allelivirise

hormon sentezlenir lﬁ aktarilir
v P&

6. Hicrelerdeki .')

hastaya enjekte edilir

‘ Q 4. Viris hastadan

alinan hticrelere
eklenir

5. Hucrelerdekl mutant
genler yabanil tiple degisir



Model Organizmalar

Genetik bilgimizin cogu model organizmalar ¢alisilarak Uretilir

Hangi model organizmalar?



Model Organizmalar




Arabidopsis thaliana



http://en.wikipedia.org/wiki/Arabidopsis_thaliana
http://en.wikipedia.org/wiki/Maize

Genetigin uc alt bashig! vardir:

e 1. Kilasik genetik - Mendel Genetigi

Konusu kalitimdir. Karakterlerin bir nesilden digerine nasil
aktarildigini konu alir.

2. Molekller genetik

Genetik matervallerin (DNA, RNA ve proteinler) vapisini ve
fonkisvonunu ve aralarindaki molekiiler iliskivi konu alir.

3. Evrimsel genetik (popiilasyon genetigi)

 Populasyonlarda nesiller boyunca gerceklesen
degisimlerin genetik temellerini konu alir.




resesif genotip

Onemli terimler

fenotip

homozigot

e Gen

allel

genom
kalitatif

dominant
Segregasyon analizi

heterozigot kantitatif



Gen - kalitim birimidir. Baslangi¢c ve sonlanma
sinyalleri ile cevrili, komplamenter RNA
Uretimi icin kalip gérevi yapan DNA parcasidir.

Promotor Transkript edilen
bdlgesi bolge

mRNA sonlandirma
dizisi

Alt kodlanmayan

y Ust Oncil Bolge Proteyin kodlanan bdlge dizi f
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- Il start codon Stop codon, Il |
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Insan DNA’sinda gen orani

insan genomu

, Muklear genom |
| 3260 |
|

|25% 75%

Mitokondrial genom 16.5Kb

Gen ve genle Send ki 2 rRNA 22 tRNA 13 Poplipeptid
iliskili DNA dliﬁzliTera ! geni | geni kodlayan gen
10% 90% 600 40%
Kodlayan ve Kodlamayan I Tek tekrar ! Tekrar bélgeleri
regilator bolge hilge bélgeler
I
|
| sddogen Gen intron, | Tekrar Rastegele
parcalan Kodlanmayan aralan Tekrarlar
diziler vs




Allel:

bir genin tek, iki veya daha fazla
formu

rrpp rrP - I




Standard
Chesinut
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Palomino Black Buckskin Buckskin Cremelo

Standard Seal Brown Dapple Grey White-Grey Fleabien Gray
Brown with Blood Mark
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Periino Red Dun Grulio Dun

’
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Red Tafly Biue Tafy Siver Dapple Chocolate Classic Amber Gold Ivory Classic Ivory
‘ Champagne Champagne Champagne Champagne
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¥

Amber Ivory Chestnut Brown 'Blue’ Sooty Pangaré Brindle Minimal Classic
Champagne ‘Srawberry Roan on Chestut on Chestnut Tobiano Tobiano
Medicine Hat Minimal Classic Overo Exiensive Minimal : Classic : Exf.enSiVG? ‘ ini

Overo Overo Splashed Whee  Splashed Whie Solashed Whie

Sabino-Whie Rabicano Snowiake Snowcap Blanke!  Spoted Blanket ~ Near-leopard
Appaloosa Appalocsa Appaloosa Appaloosa

Few-spot Varnish
Appaloosa Appaloosa




The British royal family

Kate Middleton joins a British royal family that has been
wracked by divorce, Three of Queen Elizabeth II's children
split from their first spouse and two have remarried. The
queen has eight grandchildren and one great-grandchild.

Elizabeth Il

Camilla

Timothy Princess
Parker Charles Laurence Anne

Phillips Andrew | Ferguson Edward Rhys-Jones

Louise
Windsor*

James

~ Windsor*
Al g e
Kate Prince Prince Peter Zara Mike Princess Princess
Middleton William Harry Kelly ‘ Phillips  Phillips  Tindall Beatrice Eugenie
Savannah Phillips* (Engaged) *Photo unavailable
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Elizabeth

— Mark Prince
Philips Andrew
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Prince  Prince Petar Zara Pﬂncees Princess
Wiliam Harry Philips  Phili Beatrice Eugenie
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Homozigot : bir hiicre veya organizmanin bir lokusta iki ayni alleli bulundurmasi
durumudur

Heterozigot : bir hicre veya organizmanin bir lokusta iki farkh alleli
bulundurmasi durumudur

Lokus: Kromozomlar tGzerine bir genin fiziksel lokasyonu
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Homologous
Allele for pair of chromosomes Allele for

white flowers / \ purple flowers

AN

Locus for flower-color gene



Hemizigot?

Hemizygous

Homozygous

Heterozygous



Chromosome

Allele

AT

| 20



W =allele for brown eyes (dominant)
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Individual A: Individual B: Individual C:

Heteroz Homozygous gous

Homozy
(will have neyes) (for browneyes) (for blue eyes)
B ABP| 2007



Homzigot= AA (Dominant homozigot) ve aa (resesif homozigot)
Heterozigot= Aa

da
ja 5 rabbits

reproduce
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genotip- Bir genin veya karakterin bir organizma veya hiicre icindeki allel veya

alleleri.
fenotip - Bir organizmanin fiziksel goriintlist, yada karakterlerin fiziksel
goruntuleri
Genotype =  aa
PhEﬂDt}"pE = |Dark Greer‘ll | Pale Green I | I
Genotype Aa aa

Phenotype
A: dominant/a:
recessive

Phenotype %

A and a codominant

0 e
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Genotip
Fenotip

11,11 1 2.Curly hair straight hair
T, T tt
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3.Curl'stongue can't curltongue 4. Mid-digital mid..-digixal
CC,Ce ce hair present hairabsent

MM, Mm W

S.Eyes not blue bluc eyes
EE,Ee ee 6. Widow's peak no peak
WW,Ww ww

7.bent little finger straight little Einger
EE,Eb bt



Fenotip iki sekilde kendini gosterebilir:
Kalitatif (sureksiz)

Kantitatif (surekli)
Juantitative anc qualtatlve

traits

Trait Xude of Envirvmmend:al
inherptance effects
-Uunalitadve, simple Little
Dlood and Mendelian
serum types (MOnogene)
Enzvine
clefects Mormal Dizeased

frequency

Quantitative, Complex Mocerate to
Stature height  (polyzene) oreat
Intelligence

Milk yield

Lequency

=everity of the diseass



TABLE 8.1 Differences Between Qualitative and Quantitative Genelics

QUALITATIVE GEMNETICS

DUANTITATIVE GENETICS

e

L

., Characters of kind
. Discontinnous variation: discrete

phenotvpic classes

. Single-gene effects discernible

. Concerned with individual matines

and their progeny

. Analyzed by making counts and ratios

|. Characters of degree
. Continuous variation; phenotypic

measurements form a spectrum

. Polygenic control; effects of single

genes too slight to be detected

. Concerned with a population of organisms

consisting of all possible kinds of matings

. Statistical analyses give estimates of

population parameters such as the mean
and standard deviation




Baskin (dominant) alel
cekinik (resesif) alelin
ifadesini baskilar.

Bir diploid organizmada;

Dominant alelin
bir kopyasi dominant
karakterin ifadesi icin

yeterlidir

Resesif bir
karakterin ifadesi icin ise
iki resesif alel gereklidir.

DOMINANT RECESSIVE
Thmarr THATY

sreo
SHAPL

wrooth arrding

SEED Fof
COLOR v

vellow g

FLOWER
coLon

FLOWER
LOCATION

FLANT
SIZE

owart
%1% feet)

Preare 0.4, 0150 Trails of pea plants studied by Mendel



Dominant alelin bir kopyasi dominant karakterin ifadesi icin yeterlidir

Resesif bir karakterin ifadesi icin ise iki resesif alel gereklidir.

Heterozygous

Genotype Phenotype
E E Detached
) Earlobes
Homozygous dominant
E e Detached
Earlobes

ee

Homozygous recessive

Attached
Earlobes

F1
(Green

%5

Appearance: Purple ﬂowers White flowers
Genetic makeup: pp

Gametes: .:.P ) P

Appearance: Purple flowers

Genetic makeup: Pp

Gametes: 1,(p) (P
Sperm

& d

G | GG Gg
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Gg d9g ‘U

% ﬂv
% %?4
3%1};}

Eggs



Baz1 viirtsler harig, kalitim bilgisi Deoksiribontikleik asitler (DNA) dir.

2 purinler: 2 pirimidinler:

Fhospate Phospate Phospate Phospate
backbone ' backbone : backbone . bhackbone

e #\

Iki halkall Tek halkall



Bir hiicre i¢erisindeki tiim genetik materyale GENOM denir.

Okaryot hiicreler dort alt genom tagirlar

1. Nuclear

2. Mitokondrial
3. Plastid

4. Klorplast

Bakteriler dairesel veya dogrusal genomlar
tasilar, ayrica plazmidleri igerirler.




Merkezi dogma: DNA q qein

Modifiye edilmis dogma: DNA EEEEE) DNA ve RNA,
RNA‘ DNA, RNA an Protein

Okaryot ve prokoryotlarda merkezi dogma asamalarinda temel asamalar:

(A}  EUCARYOTES 18] PROCARYOTES

DNA
cytoplasm "

TRANSCRIPTION
MANA Sss——
‘ TRANSLATION

protein commmmr———

nucleus
exons

introns

Illll[:::][::::;ll[_Ll;:::]lL:]IIlll

gene

primary RNA ltanscnp] l TRANSCRIPTION

ADD 5° CAP AND
POLY(A) TAIL

AAAA
lRNASPUONG

mRNA P AAAA
| EXPORT
v
mANA (P AAAA
1'mmsu'non
, protein

RNA cap




Amino asidler — Protein yapi taslari

A, Amino acids with electrically charged side chains

B, Awmino acids with polar but uncharged side chains

Positive Negative
= A — z A \ Serine Threonine Asparagine Glutamine
Arginine Histidine Lysine Aspartic acid Glutamic acid (Ser) (Thr) (Asn) (Gln)
(Arg) (His) (Lys) (Asp) (Glu)
LI'OO' fo& (;00 cl‘oo cloo COO- (I‘OO' c|°0 £00
mN'—(i‘—ll u,N’—cl—u II‘N'—(|‘——H H,N‘—(I'—n H\N'—LI‘-H H,N'—-("-H Hp\r_cl_“ HsN'-CI—H H,N'—-Cl.—-H
CH; CH, CH, A CH, 4 "M, )
i i iz CH, i CH.OH H=C =011 (IH' (lH
(lu: C—\H ﬁ-“ Ll.” (l“ : ¢
- )
Cth H / CH coo 4 J
HC—NH | B0
T” Cliy L2 T v N
= | . e 0= .
S \—0 “NH; 5 e, bAE R
NH $e . & { .
- ”‘_:0 . \ e
o e @ - %
- * @ S s C
e 5" 5 N
O & 9
C.  Special cases D. Amino acids with hydrophobic side chains
Gvstéine Glycine Proline Alanine Isoleucine Leucine Methionine  Phenylalanine  Tryptophan Tyrosine Valine
(C\'S;l € ((;'h-)l = “,:0) S (Ala) (Tle) (Leu) (Met) (Phe) (Trp) (Tyr) (Val)
COO- C]OO CIOO COO- LIOO (;OO COO- COO-
00" OO~ COoOr . . % ¢
(! Qlk I HN —C'—H HiN —cl—n HN'—C—H HN —cl'—u HyN'~ Ll H HN—C-H HN —CI—H HWN'=C —H
A S Al | ! |
HN (i 1 HWN—C —H I\J (\ H CH. H—C —Clis Clis (_;H: CH, CH, Cli, /CH
S A | | | AN
CH, H HC CH 0g® CH, CH CH: Cc=CH HC  CH
| Cil, ‘ I TN [ \,
SH 80y CH, HC CH, S NH | _.
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0,0 ¥ 7 1 S ‘r CH, .’,0 N\
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i A .8 35 9t 14 ofty
o .50,_' - T & D O
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First letter

Uuu
UuC

} Phe

UUA }Leu

UuG

CUU
CuUC
CUA
CUG .

AUU
AUC

» Leu

> |le

AUA |
AUG

GUU |
GUC
GUA

Met

> Val

GUG |

C

UCU ]
UCC
UCA
UCG |

CCU '
CCC
CCA
CCG |

ACU ]
ACC
ACA
ACG |

GCU ]
GCC
GCA

Second letter
A

} Tyr

L Ser

* Pro

> Thr

» Ala

GCG |

UAU
UAC

UAA Stop
UAG Stop

O PO0OC QFr0cCc @QFPOC @ P OIC

Jon8| pIIyL
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DNA dizisinde her hangi bir bolge 6 farli amino asit zinciri icin bilgi tasima
kapasitesindir, NASIL?



Cift iplikcigin her birinden Ug¢ farkl okuma gergeklesebilir.

(A) reading direction for sequence of top DNA strand =—e-

I3 N- ile leu phe arg val ile arg pro il thr arg asn phe thr ] a9 C
;"d'"ﬂ 2 N- tyr phe ile ser ser asn ser thr leu asn ala lys Jleu his leu thr -C
AMES 11 N-leu phe tyr phe glu [l phe asp leu lys arg glu thr ser leu asn -C
oA |¥ 0 TTATTTTATTTCGAGTAATTCGACCTTAAACGCGAAACTTCACTTAAC 3

3 AATARAATAAAGCTCATTAAGCTGGAATTTGCGCTTTGAAGTGAATTG 5

[ C-HEM s ile glu leu leu glu val lys phe ala phe ser [l lys val N
;?9':'"9 -2 C- ile lys asn arg thr ile arg gly [l va! arg phe lys val [l arg N
M 1.3 C asn |l 'vs ser thr asn ser arg leu arg ser val glu ser leu ser -N

-~ raading direction for sequence of bottom DNA strand
(8) _reading direction for sequence of top DNA strand —e-
ol 3O 1111 | | === T1 I O |
f,,m:: 2T I T [ .
O s T S S e e (]
5 3
DNA3. 5
di T I i B I | =]
;f:m':f -2 EEIEIET=—1 I T 1 T TN 1T TINT 171 E =R ]
-3

T I N TN N T N .. )
«— reading direction for sequence of bottom DNA strand L |
500 base pairs
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Proteyin katlanmasi

Bir insan hemoglobin proteyini:




Bir cDNA dizisi

>g1|14456711|ref|NM 000558.3| Homo sapiens hemoglobin, alpha 1 (HBAl), mRNA
ACTCTTCTGGTCCCCACAGACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGCCGACAAGACCAACGTCAAGGCCG
CCTGGGGTAAGGTCGGCGCGCACGCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGATGTTCCTGTCCTTCCCCACC
ACCAAGACCTACTTCCCGCACTTCGACCTGAGCCACGGCTCTGCCCAGGTTAAGGGCCACGGCAAGAAGGTGGCCGA
CGCGCTGACCAACGCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCALCGLCGCALCA
AGCTTCGGGTGGACCCGGTCAACTTCAAGCTCCTAAGCCACTGCCTGCTGGTGACCCTGGCCGLCCCACCT CCCeaee
GAGTTCACCCCTGCGGTGCACGCCTCCCTGGACAAGTTCCTGGCTTCTGTGAGCACCGTGCTGACCTCCAAATACCG
TTAAGCTGGAGCCTCGGTGGCCATGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCCTCCTCCCCTTCCTGCACCCGET
ACCCCCGTGGTCTTTGAATAAAGTCTGAGTGGGCGGC
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Bir cDNA dizisi (okuma cergevesi)

>g1|14456711|ref|NM 000558.3| Homo sapiens hemoglobin, alpha 1 (HBAl), mRNA

ACTCTTCTGGTCCCCACAGACTCAGAGAGAACCCACCAT GGTGCTGTCTCCTGCCGACAAGACCAACGTCAAGGCC

GCCTGGGGTAAGGTCGGCGCGCACGCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGATGTTCCTGTCCTTCCCCAC
CACCAAGACCTACTTCCCGCACTTCGACCTGAGCCACGGCTCTGCCCAGGTTAAGGGCCACGGCAAGAAGGTGGCCG
ACGCGCTGACCAACGCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCGCACL
AAGCTTCGGGTGGACCCGGTCAACTTCAAGCTCCTAAGCCACTGCCTGCTGGTGACCCTGGCCGCCCACCTCCCCGC
CGAGTTCACCCCTGCGGTGCACGCCTCCCTGGACAAGTTCCTGGCTTCTGTGAGCACCGTGCTGACCTCCAAATACC

GTTAAGCTGGAGCCTCGGTGGCCATGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCCTCCTCCCCTTCCTGCACCC
GTACCCCCGTGGTCTTTGAATAAAGTCTGAGTGGGCGGC

Bir protein dizisi

>g114504347|ref|NP _000549.1| alpha 1 globin [Homo sapiens]

MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMEFLSFPTTKTYFPHEDLSHGSAQVKGHGKKVADALTNAVAH
VDDMPNALSALSDLHAHKLRVDPVNEFKLLSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR
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Ve bir tim genom...............

ACTCTTCTGGTCCCCACAGACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGCCGACAAGACCAACGTCAAGGCCGCCTGG
GGTAAGGTCGGCGCGCACGCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGATGTTCCTGTCCTTCCCCACCACCAAGACCT
ACTTCCCGCACTTCGACCTGAGCCACGGCTCTGCCCAGGTTAAGGGCCACGGCAAGAAGGTGGCCGACGCGCTGACCAACGC
CGTGGCGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCGCACAAGCTTCGGGTGGACCCGGTC
AACTTCAAGCTCCTAAGCCACTGCCTGCTGGTGACCCTGGCCGCCCACCTCCCCGCCGAGTTCACCCCTGCGGTGCACGCCT
CCCTGGACAAGTTCCTGGCTTCTGTGAGCACCGTGCTGACCTCCAAATACCGTTAAGCTGGAGCCTCGGTGGCCATGCTTCT
TGCCCCTTGGGCCTCCCCCCAGCCCCTCCTCCCCTTCCTGCACCCGTACCCCCGTGGTCTTTGAATAAAGTCTGAGTGGGCG
GCACTCTTCTGGTCCCCACAGACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGCCGACAAGACCAACGTCAAGGCCGCCT
GGGGTAAGGTCGGCGCGCACGCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGATGTTCCTGTCCTTCCCCACCACCAAGAC
CTACTTCCCGCACTTCGACCTGAGCCACGGCTCTGCCCAGGTTAAGGGCCACGGCAAGAAGGTGGCCGACGCGCTGACCAAC
GCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCGCACAAGCTTCGGGTGGACCCGG
TCAACTTCAAGCTCCTAAGCCACTGCCTGCTGGTGACCCTGGCCGCCCACCTCCCCGCCGAGTTCACCCCTGCGGTGCACGC
CTCCCTGGACAAGTTCCTGGCTTCTGTGAGCACCGTGCTGACCTCCAAATACCGTTAAGCTGGAGCCTCGGTGGCCATGCTT
CTTGCCCCTTGGGCCTCCCCCCAGCCCCTCCTCCCCTTCCTGCACCCGTACCCCCGTGGTCTTTGAATAAAGTCTGAGTGGG
CGGCACTCTTCTGGTCCCCACAGACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGCCGACAAGACCAACGTCAAGGCCGC
CTGGGGTAAGGTCGGCGCGCACGCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGATGTTCCTGTCCTTCCCCACCACCAAG
ACCTACTTCCCGCACTTCGACCTGAGCCACGGCTCTGCCCAGGTTAAGGGCCACGGCAAGAAGGTGGCCGACGCGCTGACCA
ACGCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCGCACAAGCTTCGGGTGGACCC
GGTCAACTTCAAGCTCCTAAGCCACTGCCTGCTGGTGACCCTGGCCGCCCACCTCCCCGCCGAGTTCACCCCTGCGGTGCAC
GCCTCCCTGGACAAGTTCCTGGCTTCTGTGAGCACCGTGCTGACCTCCAAATACCGTTAAGCTGGAGCCTCGGTGGCCATGC
TTCTTGCCCCTTGGGCCTCCCCCCAGCCCCTCCTCCCCTTCCTGCACCCGTACCCCCGTGGTCTTTGAATAAAGTCTGAGTG
GGCGGCGCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCGCACAAGCTTCGGGETGG
ACCCGGTCAACTTCAAGCTCCTAAGCCACTGCCTGCTGGTGACCCTGGCCGCCCACCTCCCCGCCGAGTTCACCCCTGCGGT
GCACGCCTCCCTGGACAAGTTCCTGGCTTCTGTGAGCACCGTGCTGACCTCCAAATACCGTTAAGCTGGAGCCTCGGTGGCC
ATGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCCTCCTCCCCTTCCTGCACCCGTACCCCCGTGGTCTTTGAATAAAGTCTG
AGTGGGCGGCACTCTTCTGGTCCCCACAGACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGCCGACAAGACCAACGTCAA
GGCCGCCTGGGGTAAGGTCGGCGCGCACGCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGATGTTCCTGTCCTTCCCCACC
ACCAAGACCTACTTCCCGCACTTCGACCTGAGCCACGGCTCTGCCCAGGTTAAGGGCCACGGCAAGAAGGTGGCCG. 4.



Tum genomlar ne kadar blyuik?

E. coli 4.6 x10° nukleotid
— Yaklasik 4,000 gen

Maya 15 x 10° nikleotid
— Yaklasik 6,000 gen

insan 3 x 10° niikleotid
— Yaklasik 22,000 gen

En kliclik insan kromozomu 50 x 10° nikleotid
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