Bizonytalan Genotipizalas

Felkészulés

A mérés soran bizonytalan genotipizalasi adatokdbgrzzasat fogjuk vizsgalni. A
meérésre fel kell készllni. A szikséges ismeretegtat@hatok azt atmutatd masodik
felében, valamint a Neuralis Hal6zatok (Altrichtéorvath-Pataki-Strausz-Valyon) c.
kényv 94-110-adik és 401-407-edik oldalan (MLP e€AR Valamint segit a
felkészulésben, ha megismerkednek a Matlab hagamalaszintaxisaval. Mindenképpen
nyissa meg az adat fajlt Excel-ben, hogy lathasdépitését, valamint tartalmanak
jellegét!

A mérésre hazi feladattal kell készllni, és a m@i@pen a kiadott melléklet
alapjan teszlink fel ellendrkérdéseket egy beugré ZH keretében (10 perc) .

A mérés hattere:

A genotipizalasi mérés soran egyszerre sok egy¢8-en tudjuk megvizsgalni az
egyes helyeken lévallélokat. Ebszor a beg§jtott mintakbdl kivonjuk a DNS-t, majd a
szamunkra érdekes terllet&ék(A single nucleotide polymorphism -SNP-k — azaz a
egynukleotidos polimorfizmusok 150 bazisparnyi k@zetéél) masolatokat szaporitunk
polimeraz lancreakcioval (PCR).

A vad és mutans allélokhoz tartoz6 DNS lancokaddmiioz szini fluoreszcens
festékkel festjik meg. Ezutan a mintakat egy olyaiticiumlapra helyezzik, amelyen a
komplementer DNS lancok helyezkednek el. A szaptirinintak ezekhez kétlve
bizonyos hullamhosszok alatt fluoreszkalnak. Ekkészitiink a két szincsatorna alatt
egy-egy felvételt, majd a késbiekben részletezett képfeldolgozasi eljarassal
megfigyeljik az egyes pontok fényességét, valaminpontok tovabbi jellenéat is
rogzitjuk.

Ezutdn az egy SNP-hez tartoz6 mintakat O0ssggdly, €s egy diagrammon
abrazoljuk. A diagramm X tengelye a minta szinagartya a pont teljesen kék, akkor
jobbra, ha teljesen zo6ld akkor pedig balra kerid. YAtengely pedig a pontok 6sszegzett
intenzitasa.



HW: 1.751 (0.000,0.000) (0)

A mintapontok naiv klaszterezése adja meg a geustti de ez nem felel meg
teljesen a valds genotipusnak, a mérés megbizinragatia miatt. Egy jelgigen dragabb
modszerrel tortéhvalidaciéo sordn pontosan megallapithatjuk az egiyepknotipusat. A
validaciot felhasznalva szeretnénk megallapitangyhanilyen paraméterek mellett
valoszirii hogy a mérés hibas genotipust fog az egyedhezrertelni.

A megoldasok mifiségét az ROC (receiver operating characteristioshayel
tudjuk szemléletesen abrazolni. A gorbe a megoldézekenységét veti 6ssze a
specifikussagaval.

Ellenérzé kérdések:

* Miaz a PCA?

* Milyen tengelyek szerepelnek az ROC gbérbén?

* Mire hasznaljuk a mérés kezdeti fazisdban a PCR-t?

* Milyen jellegl zavart okozhatnak a rendkivil zgpasaméterek egy MLP
tanitdsaban ha kevés tanitd pontunk van és naggeaadimenzio?

Hazi Feladat:

Készitsen Matlab kdrnyezethez egy fuggvényt arképes kiszadmitani egy ROC
gorbe alatti tertletet!

A mérés menete:

A mérés soran a Matlab neural network és statistaxibox-ait (erél a
mérésvezétrovid ismertetést ad igény szerint a mérés eldggjuk hasznalni. Erdemes
mar otthon is, ha van lelésege r4, megismerkedni a neural network toolbox-al.

Az adatmatrix egy sora egy adott bemeneti minta. ekikészitett adatok
letolthetk a  targy  honlapjarol a  BIR_1meres_data.csv  éllorhéh



(http://www.mit.bme.hu/oktatas/targyak/vimim3@8adat), a megértést segiti a
segédletben adott paramétermagyarazat. Toltse iemerkedjen meg az adatokkal!

A mérés soran jegykonyvet kell késziteni. A jegykdnyv |ényegre tdf,
vilagos kell legyen. Minden feladnal tartalmazniellka feladat megfogalmazasat, a
megoldas meneténebidb részleteit, az eredményeket €s az eredmeényeietrsét.

1. feladat

A. Importalja az adat fajlt, és valassza kulon sskbi bemeneti és célvaltozakat a
segeédletben megadott informé&cidk alapjan! A cébztitlegyen a Clustering_error_bool,
mig a bemeneti valtozok legyenek @et jobbra lev oszlopok értekei. A matlab/file

menu/import paranccsal lehet betolteni (next naxsH). Ugyeljen arra, hogy a Matlab
importalasnal szétvalasztja a csv fajlt numeriksis#veges részekre!

B. Vizsgalja meg PCA-val a bemeneti adatok legnagysajatértékeit! Figyelje
meg hogy mennyi sajatvektorral tudja a jol (>99%fedziteni a mintahalmaz
variancigjat! Hasznalja grincomp() figgvényt! Hasznalja ahelp princomp
parancsot, ha elakad az adatok értelmezésében!

[COEFF,SCORE latent] = princomp(X)

C. Dimenzioredukciod: transzformalja az az adatait ag fegnagyobb variancat
megirzé sajatvektorok terébe, valamint a 3 legjobb és Jdetlenszdien valasztott
sajatvektor terébe!

2. feladat

A. Vizsgalja meg meg a két kitlintetett sajatveldefinialta biplotban a valtozokat
és az adatokat a harom legjobb sajatvektor tergbenmhészetesen azért csak harom mert
ennél tobb dimenzidt nehézkes lenne vizualizalat} ¢ valamilyen szeparaciot a pontok
k6zo6tt? Ha igen, készitsen rola képémgntést.

biplot(coeffs(:,1:3),'scores',score(:,1:3))

3. feladat

A. Tanitson egy binaris kimenebsztalyozé perceptront (amtool eszkdzzel) az
ismert validacio alapjan (Clustering_error_boollegjobb PCA szarmaztatott értékeket
felnasznalvaErtékelje a kapott hal6zat eredményét! Ne feldjisaszponalni az adatait,
hogy a bemeneti mintak oszlopokban helyezkedjehek e



B. Tanitson egy egy rejtett rétegmaximalisan bemenetek szama neuronnal
rendelked MLP-t a hiba predikciojara az ismert validacioa@tterezési hiba), valamint

az ebzoekben kivalasztott paraméterek alapjan. Ez leszisazautasitasi modellje,

amelyet tovabb kell vizsgalnia. Készitsen MLP-t edjes bemeneti adathalmazzal,
valamint az 1-5 legjobb szarmaztattot PCA paramdteés a 3 legjobb és 2

véletlenszdien valasztott paraméterrel is!

4. feladat

A. Vizsgalia az €z feladatban elkészitett modellek specifikussaganads
erzekenységeének alakulasat egy elutasitasi kisaziamgter segitségével! Abrazolja az
ROC gorbét aoc és aplotroc fliggvények segitségével!

[tpr,fpr,thresholds] = roc(targets, outputs)

B. Szamolja ki a gorbe alatti tertileteket és éifélaz egyes modellek teljesitményét
a hazi feladatként elkészitett ROC gorbe alattiiletet kiszamold fliggvenye
segitségével!

5. feladat

Véalassza ki a szerinte legjobban telj@sitodellt (valasztasat indokolja) és szamitsa ki a
hibamodell koéltségét az alabbi koltségmatrix alapjgéalamint rajzoljon fel sulyozott
hasznossagi gorbét is a matrix alapjan! Ehhez ggnfliggvényt amely az alabbi modon
sulyozza a hibat:



Koltségmatrix:

Tagman/RawReadAA (0) AG (1) GG (-1) | Eldobasi koltség

AA 0 1 2 (Sum-SumAA)/Sum = 0.394
AG 1 0 1 (Sum-SumAG)/Sum=0.658
GG 2 1 0 (Sum-SumGG)/Sum =0.9343

A matrix 3x3 as része azt adja meg, hogy milyemsiégiet rendellink ahhoz, hogy

egy genotipust hibasan adunk meg. Lathatd, hogykkgpgtert tévedni 1-be kertl, mig
két klaszterrel arébb sorolni a mintat jéval dragéhA helyett GG).

A matrix utélsé oszlopa pedig az eldobas koltségéia meg,

amely

értelemszdien alacsonyabb, mint a hibas valasz adasa, é#téiréligg, hogy hany darab

olyan mintank volt az egész mérésben. Ertelenisrea ritkabb halmazba tartoz6 mérés

eldobasa dragabb.

6. feladat (Bonusz feladat)
Vizsgalja meg az Asztma es a genotipus (Tagmamglemiojat!




1. Introduction to genotyping.

The distinct stages of the genotyping measurenrentodlowed by complex post
processing. First we apply digital image processaigorithms to the raw image
information to produce real parameter values, wlaoh then clustered to produce the
nominal results of the measurement.

The genomic SNP Core Facility laboratory at the &#&pent of Genetics Cell-
and Immunobiology of the Semmelweis University diss to face the same problems as
mentioned before. Beside commercial measuremermslaboratory investigates the
genetic backgrounds of various diseases such lasastnd allergy. In the course of their
work, the researchers want to explore the geneatises of the diseases, therefore it is
essential to define the SNPs associated with lifess.

2. Terminology

2.1. Genome

The genome contains the entire hereditary informnadif living organisms, which
in most cases is coded by DNA. The expression wested by merging the words gene
and chromosome by Hans Winkler, botanics Profesttine University of Hamburg in
1920.

DNA is a nucleic acid with the shape of a doubleadghat is created by the
connections of four nucleotide base pairs; ade(abbreviated A), cytosine (C), guanine
(G) and thymine (T).

The spiral is held together by the complementargeban each strand. Adenine
and thymine and are connected by double hydrogedsovhile cytosine and guanine
are connected by triple hydrogen bonds. DNA strandbe genome are organized into
chromosomes, and are present in the human bodhenfdrm of two homologous
chromosomes, forming a chromosome pair. In humdls d¢bere are 23 pairs of
chromosomes, each member of the pairs originates fone of the parents. The
corresponding loci of the homologous chromosomespaie called alleles, thus the
human chromosomes are usually biallelic. The phgmois any observable characteristic
or trait of an organism; such as its morphologwchemical or physical properties or
behavior.

2.2. Genotype
The genotype is the genetic trait that cannot bectly observed. It is the specific

genetic sequence of a cell, and organism, or amithal, i.e. the specific allele make up
of the individual.

Genotyping is the process of determining the ggrebf an individual by the use
of biological assays. It provides measurement efgénetic variation between members
of a species.

2.3. Single nucleotide polymorphisms
Single nucleotide polymorphisms (SNP, pronounceg's are the most common
type of genetic variation. A SNP is a single baaie putation at a specific locus, usually




consisting of two alleles (where the rare allebgtrency is> 1%). SNPs are often found
to be the biomarkers of many human diseases andeaning of particular interest in
pharmacogenetics.

A SNP is a DNA sequence variation occurring whesingle nucleotide — A, T,
C, or G — in the genome (or other shared sequediti®rs between members of a
species (or between paired chromosomes in an thdil). For example, two sequenced
DNA fragments from different individuals, AAGCCTA0tAAGCTTA, contain a
difference in a single nucleotide. In this casesag that there are two alleles : C and T.
Almost all common SNPs have only two alleles.

Within a population, SNPs can be assigned a mileledrequency — the lowest
allele frequency at a locus that is observed irmiqular population. This is simply the
lesser of the two allele frequencies for singleleotide polymorphisms. There are
variations between human populations, so a SNPealleat is common in one
geographical or ethnic group may be much rarenoileer.

Variations in the DNA sequences of humans can affeev humans develop
diseases and respond to pathogens, chemicals,, dragsnes, and other agents. SNPs
are also thought to be key enablers in realizirggdbncept of personalized medicine.
However, their greatest importance in biomedicakagch is for comparing regions of
the genome between cohorts (such as with matcheattsovith and without a disease

2.4. Genotyping methods and the biochemistry obtgrng

2.4.1 Beckman Coulter's GenomeLab SNPstream Gengtgystem

The GenomelLab SNPstream Genotyping System utibz@soprietary method
called SNP Identification Technology for the deimct of single nucleotide
polymorphisms (SNPs). SNP Identification Technoligyw non-radioactive, single-base
primer extension method that can be performedvargety of formats. It relies upon the
ability of DNA polymerase to incorporate dye lalkléerminators to distinguish
genotypes.

2.4.2. Probe/Tag Technology

The SNP Identification Technology method is infotivea because it provides
direct determination of the variant nucleotides. PSNientification Technology also
provides significant research accuracy to genotypiecause it incorporates — after PCR
— a two-tiered detection utilizing base-specifiademsion by polymerase followed by
hybridization-capture. This two-tiered detectiorepstensures accurate and highly
discriminant analysis.

The hybridization capture step utilizes a tag-progeproach. The SNP
Identification Technology primer is a single strabMA containing a template specific
sequence appended to a 5’ non-template specificeseq. Tag refers to the sequence
attached to the SNP Identification Technology prittiat is captured by specific probe
bound to glass surface. The probe refers to a BriyA sequence attached to the glass
surface of every well in a 384 tag-array plate Sycifically hybridizes to one tag. The
probes bound covalently to the glass surface ertablénterrogation of up to 12-plexed
or 48-plexed nucleic acid reaction products. Thé&3&hction product into which the tag



has been incorporated will hybridize to the coroggpng probe bound covalently to the
glass surface.

2.4.3. SNP Assay

SNP biochemistry for the GenomelLab SNPstream GemmySystem involves
the following steps, as shown schematically afteultiplex PCR ampilification,
amplicons containing the SNP of interest (step ur)incorporated nucleotides and
primers are removed enzymatically (step 2). In Stegxtension mix and a pool of tagged
SNPware primers are added to the treated PCR.

SNPware primers hybridize to specific ampliconghia multiplex reaction, one
base 3' to the SNP sites. The tagged primers aended in a two-dye system, by
incorporation of a fluorescent labeled chain teatimg acyclonucleotide. Two-color
detection allows determination of the genotype loynparing signals from the two
fluorescent dyes.

Process Biochemistry

to 48 PCR \

3

primers and dNTPs

via Tag-Probe Hybridization

SNPstream hlqer : Detection

Hyb
SNP Identification technology for SNPStream

The extended SNPware primers are then specifibgltyidized to unique probes
arrayed in each well. The arrayed probes capt@extended products (step 4) and allow
for the detection of each SNP allele signal (stgpSEringent washes remove free dye-
terminators and DNA not hybridized to specific pgeb
2.4.4. Control spots



Two self-extending control oligonucleotides are luded in each extension
master mix and are extended with either the blugreen dye-labeled terminator during
the primer extension thermal cycling.

The array of capture oligonucleotides attachedhéoglass surface in each well of
a 384-well plate includes three positive controtgl ane negative control. The XY
control spot is a heterozygous control which hasigture of two capture probes that
allow hybridization of both blue and green contsbfjonucleotides. The XX control spot
has a capture probe that allows hybridization eflitue control oligonucleotide. The YY
control spot has a capture probe that allows hwaitbn of the green control
oligonucleotide.

Ex:ensmnl | Extension
ependent l Dependent
XX

Control Control
(XX) (YY)

3 e

Extension
Dependent
Control XY 17 18 19 20 21 22 23

XY)

Negative 24 25 26 27 28 29 30
Control
31 32 33 34 35 36 37 38

39 40 41 42 43 44

45 46 47 48

Control spots and spot layout for 48plex plates

3. Image processing overview and image based quglpparameters

3.1 Noise patterns

Calculating the intensity is not merely enough lbtam reliable genotyping data
from the scanned images, since many artifacts amndsecan distort the scanned image,
such as those shown below

Noisy images Specs of dust on the Marks left by residual
plate chemicals from the PCR
reaction




Banding caused by improper wiping of a plate betmanning (very rare but can be
severe)

|
The scanner is not centered above the well, so spats may be partially missing as
well as the measurements from the whole well b&afsg.

3.2. Image Processing Overview

-10-



First, we read the corresponding 16 bit raw imafppeseach wel:

me normalize these images tom

for better visibility by the operator,
and because mostpenCVimage
processing functions only accept8b
images as inputs. We also slightly
expand the image in al four directiong
by a few pixels, to aid in the
recognition and recovery ofimages

where the scanner head isnt center
K on the well. j

An optional median smoothing filter ca
be applied, this removes a great deal pf
unwanted noise w hile leaving the
features of the image intact

e \
Grid template —P>
.

/r
\&

- j
\4
m =1al x| Next, we use a template matching algorithm for ifigd m =1o] x|
| suitable candidate positions for our spot grid. Blpet grid saw
|3§ is a simple 48 or 12 spot grid, depending on thpetyf plate :

being analyzed. The difference between the gridtaed :
input image in each pixel spot is then calculatzat] the
result stored in an image.
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4 N

The template matching results constitute a paramete
space, of where the grid is most likely to be achat.ow
values (darker colors) mean less squared differdrezm
the grid template. Therefore we will select the &sw local

minima on the images as candidates for grid aligrtmen

o /

For each grid candidate position, we check fordbatrol

spots. Each wel should have at least two contpots, the

combined control spot and the specific color cohspot.

The grid position is chosen from the candidatesetasn
the brightest control spots.

Once the most likely grid position is determinede Wwave
to deal with the fact that the spots inside oud gnight
not be perfectly aligned to the grid, since the has@n of
the image is quite low. So for each spot, anotkeerglate
matching algorithm is run on the direct vicinity thfe
spot, to determine the maximum lkelihood of thetsp
exact position.

\_ /

Artifact noise is calculated by checking 8 pixetewand a
spot, and creating a noise gradient along thestsspwibh
inear interpolation.

Artifact noise is subtracted from the images
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4. Data file format

plate_ID
well_ID
sample_ID
Asthma

Target variables

TagMan
Rawread_HW_clustering

Tagman_int

Rawread_int
Clustering_error_int
Clustering_error_bool

Input variables
totalnoiseb

snr_b
totalnoiseg

snr_g
certainty
certaintygradient

intensity_B+G
intensity_b/b+g

logavgb

logintensityb
logintensity varianceb
logcircularityb

logbasenoiseb

Shows which plate the sample originated from, 2eglan
total

Shows which well the sample was in, wells are nrke
from a0l to p24

Identifier of the sample, eg which person the DNafne
from

Shows wether the patient had Asthma or not (1=true)

Results of validation

Our genotype calls (inaccurate, based on a greedy
clustering method

Same as previous, but in integer form (-1= AA, 0s5AG
1=GG)

Clusteringerror abs(target variable- our result)
Boolean clustering error

Total amount of noise in the blue channel, as ¢aled
from the artifact supression

Signalto noise ratio in blue channel

Total amount of noise in the green channel, asutatked
from the artifact supression

Signal to noise ratio in blue channel

Distance from cluster center

Weighted distance from cluster center (lower initgris
punished more)

Total sum of the intensity of the blue and greentsp
Ratio of blue to green channel brightness, whedl blue
and = all green

Average blue intensity across the spot.

Blue channel intensity sum

Intensity variance over the spot (see processowdhart)
Metric of circulatiry, low values mean uniform dies, high
values are more amorphous

Base noise level for the spot

logArtifact corrected intensityb  Artifact suppressed intensity rating, this value is

used to calculate the clustering plots

logcornerlb logcorner2b logcorner3b logcornerdb logornersb logcorner6b

logcorner7b logcorner8b logcenterb Intensity
values on the 8 corners of the spot image, andthasity
of the images in the center point. Note: Be wargwh
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using these parameters, as they do not represeniuoh
useful information with relation to the genotypetloe error
of the sample. They can be regarded as quasi random
variables.

logavgg logintensityg logintensity varianceg logcaularityg logbasenoiseg
logArtifact corrected intensityg logcornerlg
logcorner2g logcorner3g logcorner4g logcorners
logcorner6g logcorner7g logcorner8g logcenterg
Same as previous, but for the green channel.

6. Appendices:
Plate number: 0000501603

Collected view for SNP RS7167

Each collected sample for this SNP is shown onrntfage below. Blue and green spots
are placed next to each other while the bottom dfatie image shows the version with
artifact suppression.

Il Collected

Unclustered plot:
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S

HW: 0.000 | (0.000,0.000) (0)

HW: 0.940  (0.000,0.000) (0)

K-means clustering:

Blue view for plate:

Green view for plate:
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Plate number: 0000508403:
Collected view:
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Unclustered plot:
CIENET

HW: 0.000 | (0.000,0.000) (0)

Simple K-means clustered plot:
meo:

-loj x|

HW: 1.751 | (0.000,0.000) (0)

17-



Green view for plate:
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