Molekiiler Markorler ve Kullanim alanlari



Definition
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Bir molekiiler isaret, kolayhkla tespit edilen ve kalitinm kolayhkla izlenebilen bir DNA
dizisidir.

Molekuler Belirtec Nedir?

». Tim genom i¢inde tanimlanabilen spesifik DNA parcalara.

»Molekiiler belirtegler, 1ki veya daha fazla birey arasindaki sekans
farkliliklarinin saptanmasina 1zin veren genel testlerdir.

» Molekuler belirtecler, genomun belirli yerlerinde bulunur.

»Belirli bir genin konumunu veya belirli bir 6zelligin veya istenen
ozelliklerin kalitimini 'isaretlemek’ icin kullanilirlar.



Marker systems are tools which is used to mark a trait in living organism

MORPHOLOGICAL MARKER: MOLECULAR MARKERS:
Classical markers Variation in macro-molecules
BIODCHEMICAL MARKERS GENETAC MARKERS
| >IS#ENZYME

*Low polymorphism :
*Requires expression of trait / gene

-Dominance effect
*Expression sex limited

*Expressed late in life

Depend uponse ce of DNA

They are protein produced by expression of gene



Non-PCR Based,
> RFLP- Restriction fragment lengthpolymorphism.

PCR Based
»RAPD- Random amplification of polymorphic DNA.

» AFLP-Amplified fragment length polymorphism.

»SSR-Simple sequence repeats
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Properties of Ideal Genetic Marker

polimorfik olmalidir.
Es baskin olmalidir.

Genom boyunca esit araliklarla ve siklikla
dagiimalidir.

Tespit edilmesi kolay, hizli ve ucuz
olmahdir. .

Yeniden uretilebilir olmalidir.

Bir ¢cok calismada ortak
kullanima sahip olmalidir.



of molecular markers

Feature RFLP RAPD AFLP SSR or
Microsatellite
DNA required (ug) 10 0.02 0.5-1.0 0.05
DNA quality High High Moderate | Moderate
PCR-based No Yes Yes Yes
No. of polymorphic loci | 1.0-3.0 1.5-50 20-100 1.0-3.0
analysed
Ease of use Not easy | Easy Easy Easy
Reproductibily High Unreliable | High High
Development cost Low Low Moderate | High
Cost per analysis High Low Moderate | Low

Cont.....




Restriksiyon endonukleazlar kullanilarak genomik DNA nin

spesifik bolgelerden kesilerek DNA fragmanlarinin

uzunluklarindaki varyasyonlar belirlenir.



Principle

Belirli par¢ca uzunlugu polimorfizmi (RFLP) teknolojisi ilk olarak 1980'lerde insan
genetik uygulamalarinda kullanilmak tizere gelistirilmis ve daha sonra bitkilere
uygulanmistir..

Total DNa spesifik enzimlerle kesilerek sinirsiz sayida belirli parca uzunlugunda polimorfik Dna elde
edilebilir.

RFLP'ler boyut olarak nispeten kiigiiktiir ve dogalan geregi birlikte baskindir..

Iki birey, enzimlerin kesim alaninda tek bir niikleotid farklilik gsterirse, restiksiyon enzimi
birinin  DNA'sin1  kesecek, digerini kesmeyecektir. Boylece farkli uzunlukta RFLP
parcalar1 olusacaktir.

Buna karsilik RFLP analizleri karmasik,zaman alic1 ve pahali bir islem siiresine sahiptir.



The hybridization results can be visualized by
1. Autoradiography (if the probes are radioactively labeled), or
2. Chemiluminesence (if non-radioactive, enzyme-link methods are used for
probe labeling and detection).

Any of the visualization techniques will give the same results. The visualization
techniques used will depend on the laboratory condition
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@ Restriction fragment prepartion.
DNA samples to be tested (in this
case identified as samples [, II,
-and IlI) are prepared from the
appropriate sources. A restriction
enzyme is added to the three
samples of DNA to produce
restriction fragments.
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@ Electrophoresis. The mixtures of

restriction fragments from each
sample are separated by electro-
phoresis. Each sample forms a
characteristic pattern of bands.
(There would be many more
bands than shown here, and they
would be invisible unless
stained.)

peeled off

| /?—— Paper blot

Nitrocellulose Paper

towels

Alkaline = =
solution

® Blotting. Capillary action pulls an
alkaline solution upward through
the gel and through a sheet of
nitrocellulose paper laid on top of
it, transferring the DNA to the pa-
per and denaturing it in the pro-
cess. The single strands of DNA
stick to the paper, positioned in
bands exactly as on the gel.

Rinse away
unattached
probe

#

in solution \ .
in plastic bag \II

@ Hybridization with radioactive probe. The paper
blot is exposed to a solution containing radioactive-
ly labeled probe. The probe is single-stranded DNA
complementary to the DNA sequence of interest,
and it attaches by base pairing to restriction
fragments of complementary sequence.

© Autoradiography. A sheet of photographic film is laid
over the paper. The radioactivity in the bound probe
exposes the film to form an image corresponding to
specific DNA bands—the bands containing DNA that
base pairs with the probe. The band patterns for
samples I and Il are identical, but III is different.



Advantages

-Ozel sekans bolgesine ihtiya¢ duymadig icin basit bir metoddur

--Ko-dominant markerler vardir
-PCR a ihtiya¢ duymaz

Disadvantages

-Yiiksek miktarda saf DNA ihtiyaci vardir.
-Siirekli prob ihtiyaci varidr
-Uygun endonukleazlari belirlemek zahmetli bir istir.

-Cok vakit gerektirir.
-Autoradyografide 6zel uzmanhk alam gerektirir.
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' p_ m TOteGCLHAETaNe

» GENETIK CESITLILIGIN OLCUSU
» DBA PARMAK IZI

» GENOTIPIK SECILIM

» MARKER YARDIMI iLE SECME

» GENOTIP TESPITI
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Rasgele amplifiye edilmis polimorfik DNA kisa
DNA primerleri kullinalrak PCR vasitasiti Ile
rastgele cogaltma yapan bir sistemdir.

RAPD sistemi dominant bir marker sistemidir.
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1. RAPD'ler, genomik DNA ve rastgele primerler
kullanilarak PCR 1ile turetilir

2. 2. Tag polimeraz, yakin aralikli sekans (<2kb) ve kisa
rastgele oligomerleri tamamlayici (tipik olarak 10-mer)
arasindaki DNA segmentini amplifiye etmek icin
kullanilir.

3. RAPD polimorfizmi, DNA sekansindaki primer
baglanma sahasindaki degisiklikten kaynaklanir.



Var. A
A s 5
5 3
Var. B :
Y N 5'

A ¢esidinde, iki RAPD firiinii ile sonuglanan 4 primer baglama bolgesi vardir.B,
baglanma yerlerinden birine sahip degildir ve yalnizca bir RAPD isaretinin
tretilmesine neden olur.



Template
DNA

Primers point in the
direction, so amplifica
won’t happen
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> 2.000 bases
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Primers too far apart,
amplification won’thappen
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Template
DNA

100 - 1,500 bases
> ~ N
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Primers are just the
right distance apart,
SO fragment IS
amplified



1) Master Stock Mixture

Conc. stock Vol Final

solution concentration
PCR-buffer + MgCl, 10x (15 mM) 3ul 1x (1.5 mM)
Primer 15 uM 0.4 ul 0.2 uM
ANTP-mux 10 mM 0.51 0.17 mM
Tag-polymerase 5 U/ul 0.25 ul 1.25 1)
ddH,0 20.84 pul
Final volume 25 ul

2) Add 25ul of master mix to Sul of your DNA in a sterile tube

Note: In each PCR run you conduct, include 2 sample, one of control DNA
without primer (3ul DNA), and one sample without DNA (5ul ddH20)



Advantages

-need small amount of DNA
-it involves non-radioactive assay
-it does not required specific probe libraries

-it provide quick and efficient screening for DNA
sequence based on polymorphism at many loci

Disadvantages

-it is inherited as dominant traits
-there is a bands due to relatively short primer

-the production of non-parental bands in the offspring of
known pedigree warrants its use with extreme care

-it is sensitive to change in PCR conditions




Application of RAPD

Genetic maps

F, identification

Varietal/line identification (multiplexing of primers necessary)
Breeding

Bulk segregant analysis

Diversity studies

Marker-assisted selection

Seed testing

Map-based gene cloning




AFLP

Any difference between corresponding DNA fragment from two
organisms A & B that is detected by amplified restriction length
polymorphism technique




1.

The amplified fragment length polymorphism technique combines components
of RFLP analysis with PCR technology.

Total genomic DNA is digested with a pair of restriction enzymes normally a
frequent and rare cutter.

Adaptors of known sequence are then ligation to the DNA fragments.

Primer complementary to the adaptors are used to amplify the restriction
fragments.

The PCR amplified fragments can then separated by gel electrophoresis and
banding patterns visualized.

A range of enzymes and primer are available to manipulate the complexity of
AFLP fingerprint to suitapplication



5' s GAATTC i s TTAA s 3!

3 eeesseesssm—s (TTAAG —eeeseesssesssssssssss AATT e 5
- - - - +EcoR |
Restriksiyon-Digestion Mse
AATTC s—— T

G sssssessssssssmss————— AAT

+EcoR | adapter

TTAA Mse | adapter
EcoR | adapter
Adaptor Ligation .
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with primers +3
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TTAAGTTG AACAAT E=

E I eCt ro p h ores i S denaturing polyacrylamide gel electrophoresis

BN Msel adapter sequences
EcoR | adapter sequences



AFLP (Amplified Fragment Length Polymorphisms)
=Cogaltilmis parca uzunlugu polimorfizmi

Genomic DNA is cut

with EcoRlI and Mshel Restriction digest
(or with other enzymes such as 9T LLLLLLLLLLLLCLLLCLLLLLT LT L, of genomic DNA
t These enzymes cut (Generates millions of
unevenly, leaving fragments)
EcoRl overhanging "sticky™ ends.
The adapters, of known sequence, can ngatlﬂn
Msel then be ligated to these sticky ends of adapters

Adapter and used as priming sites in PCR.

AP R R R R AR R R R RN AR R AR RN RN RN

+1 selective PCR
_ (1in 16 f_ra_lgments

+1 Selective primers PCR amplified)
(consisting of the adapter

sequence plus 1 arbitrary
nucleotide, used to amplify

/

AN NN NN
only a subset of the fragments) - ———

—

+3 selective PCR
= (1in 256 fragments

+3 Selective primeﬂr:s PCR amplified)

{EcoRl primer is labled with

a flucrescent dye) COTTTITTITI, TCTIITTIITITIIIIIT TETTCIITIIIn
il ——— ]

The +3 products are then run on an ABI 377 DNA "sequencer”.
By using 3 EcoRl +3 primers with different dye labels, 3 primer sets of PCR
products can be run in each lane of the gel, yielding 3 times more data per gel.




Advantages

-extremely sensitive
-it has a wide scale applicability

-it discriminates heterozygotes from
homozygotes when a gel scanner is used

-used for mapping

l Disadvantages

-it is highly expensive
-it required more DNA than RAPD
-it required experience of sequencing gels




Application of AFLP

Fingerprinting

Very fast mapping
Region-specific marker saturation
Varietal identification
Genetic maps

F, identification

Gene tagging

Breeding

Bulk segregant analysis
Diversity studies
Marker-assisted selection
High-resolution mapping
Map-based gene cloning




P e S

(Microsatellite)
SSR



Principle

Mikrosatellitler, primer olarak ¢evreleyen bolgelerin benzersiz sekanslari
kullanilarak polimeraz zincir reaksiyonu (PCR) prosesi ile tanimlama i¢in
amplifiye edilebilir.

Cift ipligi ayirmak icin DNA tekrar tekrar yiiksek bir sicaklikta denatiire
edilir, ardindan primerlerin baglanmasina ve niikleotid dizilerinin mikro
uydu iizerinden uzatilmasina izin vermek i¢in sogutulur.

Bu islem, agaroz veya poliakrilamid jeller lizerinde goriilebilecek yeterli
DNA iiretimiyle sonuclanir.

PCR teknolojisinin bolluguyla, mikro uydu lokuslarini ¢evreleyen
primerlerin kullanimi1 basit ve hizlidir, ancak dogru isleyen primerlerin
gelistirilmesi genellikle zahmetli ve maliyetli bir siirectir.




Principle of SSR

dinucleotide repeat

—®  CACACACACACACACACACACA

CACACACACACACACACACACACACACACACA

Genotypes

——» Forward primer
“ Reverse primer
—— Flanking sequence

V1 2/2 3/3 1/2 13 2/3




https://www.youtube.com/watch?v=IQSi84xFsrY&ab channel=QuickBio
chemistryBasics



Advantages

-simple and easy to use

-easy to detect via PCR

-co-dominant marker

-perfectly suited for used in map-based cloning

Disadvantages

-cost is higher for establishing polymorphic primer sites
and investment in the synthesizing the oligonucleotides

-initial identification, DNA sequence information
necessary




Application of SSR

Assessment of genetic variability and characterization of germplasm.
Identification and fingerprinting ofgenotypes.

Estimation of genetic distances between population, inbreeds and
breeding material.

» Marker assisted selection.
> ldentification of sequence of useful candidate genes

YV V



pplications:-

F1 identification

An autoradiograph detecting parent (P1&P2) 1H22HHHH2 H1 HHHPMIP2|Y

and homozygous and heterozygous (H ) Fr ™%  W=ss Sssees
segregation CEEe e e W -
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ryms reS|stant plants, respectlvely
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No. | Plants | Allele MG3H1 146 MG3H_150 | MH3H1 169 | Resistance
1 Ge004 | MG3HO001 146 1 - - Resistence ym4
3-001

2 -002 MG3H001_169 - - it Susceptible

3 -003 MG3H001 146 1 - - Resistence ym4
4 -004 MG3H001 169 - - it Susceptible

5 -005 MG3H001_146 1 - - Resistence ym4
6 -006 MG3HO001 146 1 - - Resistence ym4
7 -007 MG3H001_169 - - i Susceptible

8 -008 MG3H001_169 - - 1 Susceptible

9 -009 MG3H001 150 - i - Resistence ym5
10 |-010 MG3HO001 150 - 1 - Resistence ym5
Fo =011 MG3H001_150 - I - Resistence ym5
12 | -012 MG3H001 169 - - 1 Susceptible

Germany

Korzun, 2002
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June et al..2003



VARIETIES USING RAPD PRIMERS

Amplified RAPD patterns of OPR1
M - 1IKb DNALadder

1- ADT38

2 - ASD16

3-1R20
4 - PONNI

Tamil Nadu

PD-ANALYSIS OF GENETIC VARIATION OF FOUR IMPORTANT RICE

Amplified RAPD patterns of OPR2.

Mani et al.(2010)
Con..



0.1

ADT38

ASD16

IR20

PONNI

UPGMA dandogrambased on Nei’s
(1978) original measure of genetic
distance, summarizing the

data on differentiation between four
samples of O. sativa genotypes according
to RAPD analysis.

Genetic distance between O. sativa populations of four different
rice varieties based on Nei’s 1978 measures of genetic distance.

PONNI IR-20 ADT38 ASD16
PONNI 0.3913 1.7776 1.02564
IR-20 0.3913 1.60944 1.95601
ADT38 1.77767 1.60944 0.8574
ASD16 1.02564 1.95601 0.8574




Fig:

Molecular mapping of fertility restorer gene in basmati rice
using micro satellite marker.

1 2 3 4 3)

ARice microsatellite marker RM 258 identified to be linked with fertility
restorer gene in PRR- 78 using bulk segregant analysis.

DNA marker (lane 1). Restorer line PRR 78 (lane 2).
CMS line IR 58025 (lane 3).

Fertile bulk showing heterozygous pattern (lane 4).
Sterile bulk showing homozygous pattern (lane 5)

Delhi Mishra et al.2001



