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SNP

Single nucleotide polymorphisms called SNPs. It is a DNA
sequence variation occurring within a population and it's the
most common and simplest type of genetic variation among
people

The difference between SNP and mutation is that a SNP
represents a single nucleotide difference in DNA while mutation
represents any change of DNA including single to many
nucleotide differences (deletion , insertion...)



2 , at a specific base position in the human genome, the G
nucleotide may appear in most individuals, but in a some individuals,
the position is occupied by an A.

= This means that there is a SNP at this position, and the two possible
nucleotide variations — C or A — are said to be alleles for this position .

e
= The upper DNA molecule differs from the lower DNA molecule at a
single base-pair location




1- Diagnosis of disease

2- Genetic similarity between parents and son
3- Forensics

4- individual's response to certain drugs




SNPs can be easily assayed due to only
containing two possible alleles and three possible
genotypes involving the two alleles:

-wild AA , hetero AB , homo BB

leading to many possible techniques for analysis :-
- DNA sequencing

- Capillary electrophoresis

- Electrochemical analysis

- allele-specific PCR (AS-PCR)

- TagMan allelic discrimination assay (TagMan)

- High-resolution melting Analysis (HRMA)
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It is @ DNA dissociation or “melting” analyses.

It iIs used to characterize DNA samples according to their
dissociation behavior as they transition from double stranded
DNA (dsDNA) to single stranded DNA (ssDNA) with increasing
temperature by collecting fluorescent signals.

Principle of HRM

HRM analysis (Real-time)
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Type of machine used in HRMA

= Rotor gene -6000

= Rotor gene Q

= Qiagen PCR machine

= QIAGEN Rotor gene Q /Germany




The fluorescence dye does not interact with ssDNA but actively
intercalates with dsDNA and fluoresces brightly in this state.

Initially, fluorescence is high in a melt analysis because the sample
starts as dsDNA, but fluorescence diminishes as the temperature is
raised and DNA dissociates into single strands.

Dye saturation leaves no room for
relocation events during melting

3" Generation dsDNA intercalating Dye
(e.g. SYTO®9, LC Green®, EvaGreen™)




This shift

in fluorescence can be used firstly to measure the

increase in DNA concentration during a pre-HRM amplification
reaction and then to directly measure thermally-induced DNA
dissociation by HRM.
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HRM curves are formed based on increasing temperature and
decreasing amount of fluorescent dye in real-time PCR process.



The shapes of them are unique for each species due to the
sequence, length, and GC content of species' DNA (guanine —
cytosin content).

In the literature, the classification of HRM curves is usually
conducted through visual inspection and a limited number of
data mining methods have been used to classify these curves.




= Mutation discovery

= DNA fingerprinting

= SNP genotyping

= DNA methylation analysis

= DNA mapping

= Species identification

= Somatic acquired mutation ratios

= HLA compatibility testing

= Association (case/control) studies

= Alleleic prevalence in a population

= |dentification of candidate predisposition genes
= Detection of unknown (or new) mutations

= Detection of mutations and epigenetic differences in double
stranded DNA samples.




To identify easily the SNPs genotypes ,by evaluating melting curve shape and
melting temperature (Tm).

It is massively cost effective vs. other genotyping technologies such as sequencing
and Tagman SNP typing. This makes it ideal for large scale genotyping projects.

It is fast and powerful thus able to accurately genotype huge numbers of samples in
rapid time (96 sample)

It is simple, with a good quality HRM assay powerful genotyping can be performed
by non-geneticists in any laboratory with access to an HRM capable real-time PCR
machine.




HRM can be used to analyze virtually all types of DNA sequence
variants, including single base changes, insertions, deletions and base
pair substitutions.

Representative of the smallest genetic change, the detection and
genotyping of SNPs underlines the sensitivity of HRM analysis.

In general, the more base changes in the DNA the easier they are to
detect by HRM.
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=Preparing sample




About two milliliters of venous blood were taken
from each subject and collected into tubes containing
ethylene diamine tetra acetic acid (EDTA) to be used
for molecular analysis .

All sample was refrigerated in deep freeze .




= Genomic DNA was extracted by using
EasyPure® Genomic DNA Kit (Transgene
biotech).

= The manufacturer protocol was followed for
extraction of the DNA from frozen blood samples .

T TRANS

Catalog#:EE181-01

www. transbionovo.com




= Agarose gel electrophoresis was used to confirm the existence and
quality of isolated gDNA and PCR products.

= 1 X TBE buffer, loading dye, DNA ladder, and Gel stain (Ethidium
Bromide) are the main requirements for DNA electrophoresis.
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= The DNA concentration and purity of

samples was estimated using a
spectrophotometer (Nanodrop).




PRIMER DESIGN




Potential functional SNPs were selected from
published association studies and from the dbSNP
,database of the National Center for Biotechnology
Information (NCBI). In order to capture the greatest
degree of genetic variation in the gene.

»”

= o o
C‘" \[@:1 8 Single Nucleotide Polymorphism ?

PubMed Nucleotide Protelin Genome Structure PopSet Taxonomy OM M Books SNP

Search Entrez f\: EO_J

BUILD 126

refSNP ID: rs6025 Allele

GENERAL Organism: human (Homo sapiens) BECRT oS SNP
Variation Class: 3 ; ‘

Contact Us Molecule Type: Genomic single nucleotide polymorphism
i e e Alleles: A/G
SNP Scierce Prmer Created/Updated in build: 52/121 les: A
BSNP Smmu:y Map to Genome Build: 36 | Ancestral Allele: Not avadable
FTP Dowrdoad
Build History

SNP Details are organized m the following sections



Primer is a short single-stranded DNA fragment used in certain laboratory
techniques, such as the polymerase chain reaction (PCR) to detect the position

of mutant allele.

The primers were designed using the Primer 3plus, primer Blast, and double
checked by the University Code of Student Conduct (UCSC) programs, and
with their reference sequences in the National Center for Biotechnology

Information (NCBI) database.

Primel‘3 Plus Primer3Manager Help

pick primers from a DNA sequence

Select primer pairs to detect the given template sequence. Optionally targets and = =
£ £ e ¢ L 4 = U Bt Pick Primers || Reset Form

Task: | Detection b included/excluded regions can be specified.

About Source Code

Main General Settings Advanced Settings Internal Oligo Penalty Weights Sequence Quality

Sequence Id:

Paste source sequence below Or upload sequence file: | Choose File | No file chosen Upload File

Mark selected region: | < [1 Save Sequence




BE An official website of the United States government Here's how you know

National Library of Medicine Login

National Center for Biotechnology Information —

Primer-BLAST A ool for finding specific primers

Finding primers specific to your PCR template (using Primer3 and BLAST).

Primers for target on one template Primers common for a group of sequences

Retrieve recent results  Publication  Tips for finding specific primers | Save search parameters | ( Reset page |

PCR Template
Enter accession, gi, or FASTA sequence (A refseq record is preferred) @ Range ©

From To

Forward primer

Reverse primer

Or, upload FASTA file Choose File No file chosen

Primer Parameters

Use my own forward primer (7]
(5->3"on plus strand)

Use my own reverse primer (5 2]

>3 on minus strand)

PCR product size




= They were synthesized by specialized
genetic companies like Alpha DNA Ltd
(Canada).

“ Sequence (5'->3' direction)
size bp

ST18 (RS2304365) —
SAGCTTTCCARATTCAACCCARGA-S

5'-GCAAAACTTGGAGGAAAACATGC-3'
ST18(Rs17315309) -

CTTCTCGTGATTAGCATACAAA-3'
5'.GCCAGGCAGCAATTCATTTC-3'




The DINAMelt Servers from the Rensselaer Polytechnic
Institute are an appropriate software solution as corrections are
made for both salt and magnesium concentration

The DINAMelt Server

Prediction of Melting Profiles for Nucleic Acids

Nwo-state Folding

Ernter a name for your joh; |Factor

1y sequences to fold with the same param

s separate job for each sequence
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The secret of HRM is to monitor this process happening in real-time. This is achieved by
using a

This called intercalating dyes and have a unique property; they bind specifically to double-
stranded DNA and when they are bound they fluoresce brightly.

In the absence of double stranded DNA they have nothing to bind to and they only
fluoresce at a low level.

So at the beginning of the HRM analysis there is a high level of fluorescence in the sample
because of the billions of copies of the amplicon.

| CodetAQIO1.02  SX1ml
TransStart Green
qPCR SuperMix !
LattIL10807 Eapi20140807
Store st 201 Dark

NN L

AQL0) OIHI050TRON




But as the sample is heated up and the two strands of the DNA
melt apart there is no longer any double stranded DNA present
and thus fluorescence is reduced.
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The temperature that the amplicon melts and the two DNA strands
come apart is an entirely predictable process. It is dependent on
the sequence of the DNA bases.

If comparing two samples from two different people they should
give exactly the same shaped melt curve.






Place the capped tubes into the blue Rotor-Dise 72 rotor.
Always make sure to fill the rotor completely, placing blank tubes in any empty positions.

L

Attach the corresponding locking ring onto the filled rotor.




H“ = The HRM machine has a camera that watches this
process by measuring the fluorescence.

Cross-section of rotary optics

Reaction Chamber

Detection
Filters

PMT Detector
Assembly

LED Light
Source
Assembly

Tubesin Rotor
Spin Past Optics

dIe/Mthor
sembly




Rotary optics 3D animation

rotor spins tubes at
400 rpm filter set
(rotates for
each channel)

sensitive PMT
(photomultiplier)
detector

DA
3’:\65 &




Heating mechanism

Heater
elements
switch on

Centrifugal fan drives
air around chamber

Chamber vent seals
to contain air

Note: holes in
the rotor allow
free airflow




*HRM REAL TIME PCR

RUNS




= Rotor gene Q ,Real-time PCR System (QIAGEN
/Germany) was used to perform gPCR-HRM

= Followed by an HRM analysis with from 55 - 95 °C.
2xTransStart® Tip Green gPCR Super Mix Synthetic
SNP sequences were evaluated using duplicates.




=  Typically the user will use the real-time polymerase chain reaction prior to HRM analysis to
amplify the DNA region in which their mutation of interest lies.

= Essentially the real-time PCR process turns a tiny amount of DNA of interest in to a large
amount so there is enough to be worth analyzing.

=  This region that is amplified is known as the amplicon.

Amplicon coverage

Fwid =~ FIIMErs - g,

o= |.I

A&m p IOy

Partial coverage Full coverage




= After the PCR process the HRM analysis begins.

= The process is simply a precise warming of the amplicon DNA
from around 50°C up to around 95°C.

= At some point during this process the melting temperature of
the amplicon is reached and the two strands of DNA “melt”
apart.




= The machine then simply plots this data
as a graph known as a melt curve
showing the level of fluorescence vs the
temperature

0.2 mL tubes

0.1 mL tubes

Run PCR and HRM Autocall genotypes
Up to 100 at a time

Choose preferredtube




If a sample is taken from a patient and amplified using
PCR both copies of the region of DNA (alleles) of
Interest are amplified.

So if we are looking for mutation there are now three
possibilities:

1. Neither allele contains a mutation (wild)

2. One or other allele contains a mutation (hetero)

3. Both alleles contain a mutation (homo)

Each gives a melt curve that is slightly different. With a
high quality HRM assay it is possible to distinguish
between all three of these scenarios.



= There are three different patients here. one of the
patients has the Wild type genotype, one s

Homozygous (homo) and the other has the
Heterozygous (hetero) genotype.
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However if one of the people has a mutation in the DNA region ,
the two melt curves appear different ,because mutation will alter
the temperature.

The difference may only be tiny, perhaps a fraction of a degree,
but because the HRM machine has the ability to monitor this
process in “high resolution” it is possible to accurately
document these changes and therefore identify if a mutation is
present or not.

Mutated DNA
Normal DNA e.g. agctacgctacgcgatgetagetacgetacg
e.g. agctacgctacgctatgetagetacgetacg




o Biocompare




Bl | nmparakive Qusnfitabion Anabysis - Cycling A Gneen (Page 1)

Esporti,.. Aandk

i

koS CusFamt Soads

=10] 2|
Mo_| Hame | Tk O | Armpliication | Compaesiovs Conc. | Rep. Taksofl | Fiep. Taskaoll (95 0] Aso Amp | Fiep Amp (355 0] | Rep. Conc |Amo C
ET 11.2 166 { 0 +{0] 112 16 1JE 00 Cabbes
Fid sl & 11.4 165 HdE-N 114 164 S0k AN
il bl 3 1.5 1.64 9 04E-O1 114 1 JO<E-O1
vl by | 1.3 1 66 T ME-M 115 ] TIME-E
v by 1.8 166 7 301 18 1k 7 HE A
il s 1.4 1.6& +E-N 11.3 1.6h rINEART
hesteioaigole 1 1.4 16F S 04E- 114 1E FOE 01
hataicagola £ 1.5 .65 A 55€-01 115 5501
hestmapgols 11.3 16T q51E-m 113 167 FEIE 0




sSoftware setup




Step 1: Open a new run file
: : Quick Stat Advanced |
From the File>New... menu, select High S—

Perform Last Run HRM™ run,

Resolution Melf Run from the Advanced wizard. oy

Empty Run

—_

| Intercalating Dyes
[B=]]

| Hydrolysis Probes
b=

l Hybridisation Probes

b ¥ High Resolution Mek Run

“) [nstrument Mantenance

Other Runs

f |Open A Template In Another Folder...

V' Show This Screen When Software Opens




Slep 2 St e foforype LT
Forthis example the 72-Well Rofor i used Wikrms b daealfin

Roto Type

Ensure that the locking fing s In plcce anctthe T
Locking Ring Aftachea checkbor is checked S 4
before proceeaing fo the ne step.

10Wed Rotor

W Locking g Aached




Sten 3: et run defal X

This sreen dilays miscelaneous options for the . Cmle the felds, T il

Type In the Operatorname (0ptionct) and aclo et e et e

any Nofes cbout the experment fo be L e Tk

| . . ( Heth ot e, You
recorded inthe run fle andincomorated into @ s -0 bl

! ; | ‘ conbo oo deply
postun repart (optional). Select the Reaction el ot
Volume (required!) anal Sample Layout desired i P ol ot e IP

' : located n e midde, favang te 3 end
(defoultis consecutive 1,2, 3...)

The factorV (516154 polmorphim was used for HRM
alelc dscrimination, & FactorV plasmid forboth the wld ype
and ok were used s lrgels (Fiher Botech|
Heteroayaotes were prepared by miking equal voumes of

o fen ~ [5
o Vanept)

i Sanple Layout: [1,2,3.

SVt | ok | N |




Step 4: Open Ecit Profe... to mocfy the X

| Temperatue Proe. hisboy displays
programmed fimes and temperatures for the ot
onan ilerﬁ, hover

reOCTion. jout Mouse over e

M forhelp. You
can dlso chek on &
combo box o diply
rerriis help about s

— avalabl setings
Edt Pofle..

Charnel Setup:

Name | Souce | Detectr CiaeNes..
Green 470 510 il

Yeow S 5Pm 5

N |Oarge m Hl0m 5 EdtGan,
L
L K Remove
Cimeon 680w Tl 7 A D

N G Optimisalion., [

SpWesd |l | Nty |




Step 5: Set an appropriate initial hold time

This time depends on the type of DNA
polymerase used. For this assay we used
Platinum® Toq DNA polymerase from Invitrogen
Corp, which requires a 2 min activation time
only. The default activation time is 10 min.

1 Edit Profile i
.U H| e

New Open Saveds | Help
The run will take approwimately 34 minute(s) to complete. The graph below represents the run to be performed -

Click on & cycle below to modify it :

et ater._ |

Cycling
HiFes Melt Insert befare.., |
Remave |

Hold Temperature: g5 |og

i’ mirs il $ecs

Hold Time :




Step 6: Modify cycling to suit the amplicon

For short products use the defaulf of d sec =k of,;n i o

denature at 95°C and 10 sec anneal at 60°C The ke ol 4 il conpe,Thegogh e et e b peomed

Qssays).

Click on a cycle below to modify it

Hold Ingedt afer,. |
HiRes Mel Insertbefoue.,,l

Remove |
This cycle repeats _4[]_]time(sl

Click on one of the steps below to modiy &, of press + or - to add and remove steps for this cycle.

ITu‘ned Step v

B0%
10 seconds

5% for 5 secs

Acquiing to Cycling A

on Green
B0% for 10 secs

[~ Long Range
[~ Touchdown




Step 7: Ensure fluorescence data will be
acquired

Acquire amplification data to the Green
channel af the end of the anneal step.

Same as Previous I[N & Acquisition] E|

Acauisttion Configwation
Avalable Channels Acquring Channels

Name I _ﬁ
Lrmson

HRM
Orange

Red
Yelow

To acauie from a channel, select i from the list in the left and click >, To stop acquiing fiom a
channel, select it in the nght-hand st and clk <. To remove al acquisitions, cick <¢.

Dye Chart ») | 0K Don't Acauire | Help ‘

Dye Channel Selection Chart

Gieen | 470nm |510nm  |FAM, SybiGreen”’ alexaddf

JOE, CalGiold*, Callrange®, TET, Yakima Yelow, VIC
Yelow |530nm | 555m ) HEX, g2

Orange | 585m (610mm  |ROX, Redmond Red, slexaBid
62nm (660 |Cyf, Quasarb70", LCRedb40”
630 |110hp  |Quasar705*, LCRed705", lexabdd
0nm | 5100m | LCGreen




Step 8: Set HRM run conditions

Modify the HRM condlitions to suif the amplicon.
For the first set of experiments allow for a wide
melf domain. Use the theoretical T, to guide
you fo a suitable range. Once you have
determined where the product will melt, reduce
the melt domain to no greater than 10°C.
Ensure that the start of the melt will occur §°C
prior to the first melt transition. The default ramp
isset 0 0.1°C with a hold of 2 sec at each step.
The minimum ramp transition is 0.06°C with @
second hold at each step. Data s
automatically acquired to the HRM channel,
Automatic gain (sensitivity) optimization will be
done on all tubes by default. The software wil
search for the optimal gain setting so that the
highest fluorescence value reported is no
greater than 70 units on a scale of 100. Note this
can be increased to @ maximum of 100,

0 Wl e

New i Open  Save As Heip
The run wil take approxmately 84 minute(s) to complete. The graph below represents the un to be perfomed :

ARl —

Click on & cycle below to modiy it

Hold Insert after...

Cycl —j

T O i<
Remove

Ramp from [m_jdegees to ,%—j degress,

Risingby (01 "_J'J degree(s) each step,
Wal for ,90— seconds of pre-melt condiioning on first step,
Wattfor |2 ‘j seconds for each step alterwards,
Acquieto  Hifies i ‘]onHRM
Gain Optimisation
[v Optimise gain before ek on alltubes.

The gain giving the highest fuorescence less than |70 j
wil be selected




Step 9: Sef Auto-Gain Optimization (Opfional) — MEERIEIE

Optiisation
Ths cpples o e eck1ime amplicarion ep o —
only andlis set for the Green channel. Clickthe 1 00 Sil ey oot
Optimize Acquiring button (o optimize only S e e
those channels actually used by a run). OpinieAl | Opmise g
Optimization is best performed just prior fo the ; ?';E' g::""sa:mif’;;n‘i‘:°”ﬂf;:“wgmn

st acquisition step, 5o click the Perform P
Optimization Before First Acquisition checkbox. ]

The recommended background fluorescence | e e LRt mRa e :d““
Rermove

range for infercolating dyesis between 1-3 _—
Huorescence unifs. To change this setfing, click
the channel name 1o select it in the list ana
then click the Ealit button,




Step 10: Stort the run
Click Start Run oncl save the run fle 10 your
computer.

New Run Wizard ]

e

Seltng

Ve

Giegn Gan

HAM Gan

Autosaan Optmsalion

Rolo

Sampla Layu

S | Rection Volme (i micoltrs

4

13
Bielor Firt Acouiston
12W/ek Aol

123

i

CInce ol confimed that your rm seltinge re e, chk Sat Rum o
begn te rn,Clek Save Templte b save selgsfor e

StattRun

Save Templale

Soaad | Bt |




Step 11: Edit Somple Names (Optional)
Note that somple names can be edited during
or affer a run, $0 this step can be skioped &
completed later fo save set-Up fime and
expedite starting @ run.

% Edit Samples

Fle Edt Format Securty
S |ty |
~Setfings;
Given Conc. anat:[ jUnit-_|cop|esf’u| j ore Opkions
Samples: I
yild ype 1 NEIHEE @
HID [ Nane Type |Gioups | Given Conc |Selected [

¢ Unknown No

2 i type 1 Urknamn
3 wid type 1 Unknawn
4 miukahion Unknaun
5 mutation 1 Urkraw
6 mutalion 1 Unknown
{ hetemzygole Unknawn
B heterozpgote 1 Unknown
9 heternzygote Unknawn
10 Utk

1 Unknawn
12 Urkniawn

Page:

Name: |F'age1 _JJM J ™ Synchionize pages

o | o | el | e




*HRM Data Analysis




HRM analysis allows for both visual- and auto-calling of
genotypes.

Results can be viewed as either a normalized melt plot or a
difference plot.

Normalized curves provide the basic representation of the
different genotypes based on curve shifting (for homozygotes)
and curve shape change (for heterozygotes).

Difference plots are an aid to visual interpretation.

They plot the difference in fluorescence of a sample to a
selected control at each temperature transition.

Difference plots provide an alternative view of the differences
between melt curve transitions.



Analyss i

Ouariistion | Comp. Quant

step 1: Select the HEM analysis option from HRehal |
the Analysis palette. v Ty

Show |
¥ Stk wirdow




Step 2: The software will present three
windows; raw data, normalized graph and
results (shown opposite). The raw data
window allows you o adjust the regions of
nomalizafion. Normalzation allows all the
curves to be compared with the same
starting and ending fluorescent signal level to
aid inferpretation and analysis. Twa cursors
per region are provided, defaulted fo the
ends of the curve. The dafa paoinfs within the
regions are used to normalize flucrescence
(the Y awxis only) for the start (Region 1) and
end (Region 2) of the meit plot. Data outside
the set regions is ignored. Adjust the regions
fo encompass representative baseline data
for the pre-melt and post-melt phases.
Widening the regions (by click and drag)
allows the soffware to adjust for the slope of
fhe baseline. To ensure curves normalize
effectively, avold widening the nomalization
regions info the melf phase.
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Step 3: The second window (DOffOM 55 s v e e v
left comer) displays the nomalized ,',.H Pl el T PN L
melt curves. Samples can alo be e I P T L
d , . Uy 1 |I:lrim:lul-|
viewed s a difference plot against
one of the confrols.
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step 2. View the difference plot by TR TE——
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7. Auto-call genotypes
(up to 100 at a time)







