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Prvni QSAR modely



Historie

- Prvni QSAR modely vyuzité pro popis biologické aktivity:

log (1/C) = kylog P +kyo + k3
log(1/C) = kit + ko +kz: = =log Py — log Py
log (1/C) = —ki (log P)* + ka (log P) + k3o + k4
log (1/C) = —0.44 (log P)* + 1.58 (log P) + 1.93
- Kde:
- C je koncentrace nutna pro vyvolani reakce
- log P je rozdelovaci koeficient

- o0 je Hammetuv parametr
- Publikovano pany Hanschem a Fujitou v letech 1964 - 1969



Metody tvorby QSAR/QSPR modelu



Metody tvorby modelu

- linearni, logisticka, zobecnéna regrese
- MLR (Multiple Linear Regression)

- KNN (K-Nearest Neighbors)

. Decision Tree a Random Forest

- ASNN (ASsociative Neural Networks)

- Naive Bayes

.- Support Vector Machine



Regrese



Linearni regrese

- promenne X a y, hledame takove a a b, které nejlepe
popise vzajemny linearni vztah

. y=ax+b
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- Pouzivame metodu
nejmensich ctvercu pro
minimalizaci vysledné
sumy vzdalenosti bodu
od primky
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Linearni regrese — vypocet parametru

- Prfi hledani parametru a a b potfebujeme znat sadu
hodnot x a y (hodnoty deskriptoru a vlastnosti:

y=ax+b
N TYi — I Ti )Y
ny z? — (X zi)°
b — YT Yi — 2T Y TiYi
ny z? — (X z)°

a




Linearni regrese — Excel a Calc

-V Excelu a Calcu (LibreOffice a OpenOffice.org) Ize
koeficient a zjistit funkci SLOPE(Y; X) a
konstantu b funkci INTERCEPT(Y; X).

- Pripadne Ize oba koeficienty zjistit maticove zadanou

funkci {=LINEST(Y;X)}. | sLoOPE function
V ceském Excelu se tato

funkce nazyva
LINREGRESE.

This article describes the formula syntax and usage of the SLOPE function in Microsoft Excel.

Description

Returns the slope of the linear regression line through data points in known_y's and known_x's. The slope is the vertical
distance divided by the horizontal distance between any two points on the line, which is the rate of change along the

regression line.

Syntax

SLOPE(known_y's, known_x's)
The SLOPE function syntax has the following arguments:
" Known_y's Required. An array or cell range of numeric dependent data points.

= Known_x's Required. The set of independent data points.




Linearni regrese v R

dataset = read.csv(“filename.csv’, sep = 7;")
model = Im(Y~x, data = dataset)
model
plot(model)
Call:

Im(formula = pKa ~ gH, data = data)

Coefficients:
(Intercept) gH
29.062 -110.06



ProcC vice proménnych (regresoru, deskriptoru)
v modelu?



Vice deskriptoru v modelu - duvod

bad model

good model

model

log 1/C = 0.009 Es + 3.411

log 1/C = -0.626 o + 3.314

log 1/C = -0.078 logP + 3.432

log 1/C = -0.210 logP - 2.214 & + 3.154

log 1/C = 0.21 Es - 0.238 logP - 3.81 o + 3.046




Vice rozmerné modely

coefficients

Y

Activity = bo + bix1 + baxz + baxs + ... + bpXn




Vicerozmerne modely

QSAR/QSPR modely jsou popsany rovnici:

+ A=pdy+pody +pads .+ pndy + Py

Kde:
P+, P2y -+, Ppsq JSOU parametry modelu
Ph+1 je intercept

d, d,, ..., d, Jsou deskriptory (nezavislé promenne,
regresory)

- A je predikovana aktivita pripadne viastnost



Vicerozmerne modely — maticovy zapis




Vicerozmérné modely — vypocet koeficientu

The transposed of the original
descriptors matrix. A fransposed The "-1“indicates

matrix replaces columns with T I\ i AvErEaN

rows and vice versa. =

Vo

r 1 1

The unknown vector The original The known vector
of coefficients descriptors matrix of activities




Vicerozmerne modely

. Obecne:
m
Yi=) XyjBj+ei, i=1,...,n,
j=1
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Vizualizace chyby v quantilech — QQ plot
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Odlehlé a pakove body

- Jedna se o pozorovani nebo mereni, ktera nezapaji do
modelu.

- Jejich residualni chyba je prilis velka.

Residuals vs Fitted
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Odlehlé body (outliers)

- Mohou neprijemne ovlivhovat kvalitu modelu.
- Muzeme jejich hodnoty odstranit nebo premérit/overit.

- Muzeme overit jestli napriklad nepatfi tyto molekuly
do stejne skupiny a vyradit tuto skupinu.

- Detekce na zaklade velikosti chyby — residua.
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Pakové body (leverage points)

- Podobne jako odlehle body nezapadaji do modelu a
maji vysokou hodnotu chyby.

- Tyto hodnoty bohuzel velice zasadne ovlivnuji kvalitu
mOd el U. Residuals vs Leverage

. Detekce pomoci
Cookovi
vzdalenosti.
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Rozdil mezi odlehlym a pakovym bodem

outlier
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Logisticka regrese

- Vysledek nabyva hodnot v rozsahu <0;1>

~ exp(a+ fx)
7 (%)= 1+exp(a+ Bx)

. Vicerozmerove

7(x) = exp(a + Bx, + fox, +..++5,x,)

1+exp(a+ Bx, + Box, +..++,X,)

- a a3 jsou parametry modelu



Logisticka regrese - graficky
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Kvalita logisticke krivky - ROC

ROC (Receiver Operating Characteristic) krivka je
nastroj pro hodnoceni a optimalizaci binarniho
klasifikacniho systému (testu), ktery ukazuje vztah
mezi specificitou a senzitivitou daneho testu nebo
detektoru pro vsechny pripustné hodnoty prahu.
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Specificita a senzitivita

ZMERENA HODNOTA

(napr. testem krve ve stolici)

test
pozitivni

test
negativni

SKUTECNA HODNOTA

(napf. pocet pacientl s rakovinou tlustého streva
diagnostikovanou endoskopicky)

Pozitivni (p) Negativni (n)
" Falesneé Pozitivni
k né Pozitivni
(s'n:la‘)tzégoe o (Chyba | typu)
(FP) =180
FaleSne Negativni " .
(Chyba Il tw__?u) Skutec¢né Negativni
(FN) = 10 (TN) = 1820
P N
1 !
Senzitivita Specificita
=TP /(TP + FN) =TN/(FP + TN)
=20/ (20 + 10) = 1820/ (180 + 1820)
~ 66,67 % =91 %

— prediktivni hodnota
pozitivniho testu PPV
=TP /(TP + FP)
=20/(20 + 180) =10 %

— prediktivni hodnota
negativniho testu NPV
=TN/(FN + TN)
=1820/ (10 + 1820) = 99,5 %



Interaguijici regresory



Interakce regresoru (deskriptoru)

- Y — zavisla proméenna

- X1 a X2 nezavisla proménna

X1 +blIx2 + 2z
X1+ blIx2 +cC

< <<
[
ahalls

x1

X1 +clx10x2 + z

V Rku:
Y ~x1+ x2
x2 + X ~x1*x2
Y ~x1 + x1:x2



