APPENDIX

The minimum least squares fit for the model
y=ps+Xy+te @

is obtained by solving the linear system of equations
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for 8 and 4. This system is equivalent to the two equations
sTsB +sTX4q = sTy 3)
XTsp 4+ XTX5 = XTy (4)
From equation (3) it follows that
7= XX (XTy - XTsp). (5)

If we insert that into the equation (4) equation we get

(sTs —sTX(XTX)1XTs)B = sTy — sTX(XTX) "1 XTy (6)

We introduce new SNP variable s* and new outcome y* defined as
sF=s— X(XTX)"'XTs, )
y =y - X(XTX)"XTy. t)

Note that the transformed variables have clear a interpretation. They are part
of s and y that is orthogonal to the space spanned by the columns of X, since
X(XTX)"1XTs and X(XTX)1XTy are the projections of s and y on X.
Now equation (6) has the form
sTs*p = sTy*. )
We can easily calculate the following
s*Ts* = [sT —sTX(XTX)71XT][s — X(XTX)1XTs] = sTs —sTX(XTX)"1XTs = sTs*
(10)
Similarly we can get that s*’y* = sTy*. We can now write the equation (9) as
S*TS*B — S*Ty*. (11)
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Therefore, B is a solution of a new regression model
' = PBs* +e, (12)
with simpler solution (as the new model has no intercept)
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B= ZZNSZQ . (13)




