2 Tools and Techniques of QSAR

analyss (MRA). We will consider some of the
basc tenets of this approach to gain a firm
understanding o the statistical procedures
that define a QSAR. Regression analysisis a
powerful meansfor establishing acorrelation
between independent variables and a depen-
dent variablesuch as biologicd activity (56).
Y;=b+aX, +E; (1.10)

Certain assumptions are made with regard
to this procedure (57):

1 The independent variables, which in this
case usually include the physicochemica
parameters, are measured without error.
Unfortunately, thisis not awaysthe case,
athough the error in these variables is
small compared to that in the dependent
variable.

2 For any givenvalue of X,theY valuesare
independent and follow a normal distribu-

tion. The error term E; possessesa normal
distribution with a mean of zero.

3. The expected mean value for the variable
Y, for al valuesaf X,liesonastraight line.

4. Thevariance around the regression lineis
constant. The "best" straight line for
modd Y; = b+ aZ, + E isdrawn through
the data points, such that the sum of the
squares of the vertical distances from the
points to the line is minimized. Y repre-
sents the value of the observed data point
and Y., isthe predicted valueon theline.

Thesum of squaresSS= X (Y, - Y....)>%
Yo.=aX, + b+ E, (1.11)
Ycalc = aXi +b (1.12)
E = Yobs - aXi -b (1.13)
2 E? = 2 A* =

= (1.14)

= 2 (Yobs - calc
Thus, SS= > (Y4, — aX; — b)? (1.15)

i=1

Expanding Equation 1.15, we obtain

YobsaXi - Yobsb

n
= Z (Yobs2 -
i=1

b0 X; + aX® T aXb
— bY e + abX; + b?)

(1.16)

Takingthepartial derivative of Equation1.14

with respect to b and then with respect to a,
resultsin Equations1.17 and 1.18.

d n
b = 2 Yo — b—aX) (117

dSS

E 2X,(Yos — b—aX)) (1.18)

SS can be minimized with respect to b and a
and divided by -2 to yield the normal Equa-
tions1.19and 1.20.

S Vae—b—aX)=0 (1.19)
i=1
> X(Ype—b—aX)=0 (1.20)

=1

These"normal equations” can berewritten as
follows:

2 XY, (1.21)

i=1

bZX+a2X2

b+a Y Xi= Yo (1.22)

i=1 i=1

The solution of these simultaneous equa-
tionsyieldsa and b. More thorough analyses
of these procedures have been examined in
detail (19, 58-60). The following simple ex-
ample, illustrated by Table 1.3, will illus-
tratethenuancesof alinear regression anal -

ySiS.





