Appendix A. Linear Regression for Quantitative Traits

Under models (1) and (2), 8 = (8%, 7,72, aT,0%)". We set the initial values of 3 to 0, 7 to
0, a to 0, 72 to the sample variance of the Y;, and o2 to the sample variance of the observed
S;.

The E-step involves calculation of E(SZ) and E\(Sf) (t=1,...,n). If R; =1, then
E(S;) = S; and E(S2) = S2. If R; = 0 and C; = (—o0, 00), then E(S;) = b; and E(S2) =
b? + a;, where a; = (v2/7% +1/0%)7, and b; = a; {@T X, /0> +y(Y; — B  Z,)/7*}. If R, = 0
and C; = (—o0, L;), then

and
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where ¢(x) and ®(z) are, respectively, the density and distribution functions of the standard

normal random variable. If R; = 0 and C; = (U;, 00), then

and
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In the M-step, all parameter updates have explicit forms
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and

{E(sf) 1 (aTX,)? - 2(atX,)B(S; )} .

Denote the final estimate of @ as 8 = (B A, 72 at, 7)T.
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It is straightforward to show that
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If S; is missing, we compute
Hi; = bi, Ho; = b? + a;, W3; = 3alb1 + b?, Ma; = 3&3 + 6azb22 + bf‘
If S; is subject to a lower detection limit, we start with
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We recursively compute
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for k =1,2,3,4. If S; is subject to an upper detection limit, we set
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for k=1,2,3,4.

It can be shown that
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Appendix B. Logistic Regression for Binary Traits

Under models (1) and (3), 8 = (8", v, a™,0?)". We set the initial values of 8 to 0, 7 to 0,
a to 0, and o2 to the sample variance of the observed S;.

In the E-step, we consider the following functions
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Fork=1,...,7 let E{gi(S:)} = gi(S;) for R; = 1 and calculate E{g;(S;)} for R; = 0 using

the numerical integration given at the end of this appendix. In the M-step,
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Denote the final estimate of @ as 8 = (8 ,7,a ,5°)".

It can be shown that
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To calculate F {9(S;)}, we use the Gaussian-Hermite approximation

/oo h(z)e ™ dx ~ iwkh(xk),
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where (wy, zx) (k= 1,..., K) are the weights and abacissi. Note that the posterior density
of S; given the observed data is proportional to exp{—(s — b;)*/(2a;)}d;(s)I(s € C;), where
a; =02, by = a™ X, and d;(s) = exp{Yi(B" Z; + vs)} /{1l + exp(B" Z; + vs)}. Thus, in the
case of a lower detection limit,
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where ¢; = (L; — b;)/v/2a;. Clearly,
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di(s) = {dz‘(\/Q_az‘S + V2050 + bi)e 2 (s < 0) + di(—v/2ais + V2ai6; + bi)e* T (s > 0)} /2.
If S; is subject to an upper limit, then we set ¢; = (=U; + b;)/v/2a;,
gi(s) = {g(—\/Q_ais +V2aic; — b;)di(—v/2a;5 + \/2a;c; — by)e 25 C iI(s<0)
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and
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If S; is missing, then we set
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