Appendix S1

The Expectation for the Variance Components in the EM Algorithm  

In model (2) 
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The posterior likelihood, given 
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where 
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Denote
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is the augmented expectation, given by 


[image: image13.wmf](

)

(

)

(

)

12

2

2

2

2

21

1

2

1

ˆ

(,|)

1

ˆˆ

log2

22

11

    log2()

22

k

iiiiiiii

krkr

i

iiii

rr

ii

Q

N

EYgUYgU

EUU

ssq

ps

s

psjj

s

-

éù

¢

=--------

êú

ëû

éù

¢

--

ëû

å

åå

x

βxβ

%%

                                  (A.1)


[image: image14.wmf]1

1

ˆ

222

|,

2,(1)1,(1)2,(1)

ˆˆˆ

|,|,|,

111

()()                                    

                                       (

A.2)

ˆˆˆ

()()()

i

iii

rn

UY

kkk

iiii

rrrr

UYUYUY

EUIY

EUUEUEUtrace

q

qqq

j

sss

-

-

---

éù

=+

êú

êú

ëû

¢

¢

éù

=+

ëû

1

1

22

2,(1)1,(1)

1

1111

ˆˆˆ

22

|,|,|,

2,(1)1,(1)

11

()                                    (A

.3)

ˆˆ

11

()()()()()()

ˆˆ

i

i

i

n

kk

iiiiiiii

rrrrn

UYUYUY

kk

I

EUUEUEUtraceI

qqq

j

ss

jjjj

ss

-

-

--

-

----

--

éù

+

êú

êú

ëû

é

æö

¢

éù

¢

éù

ê

=++

ç÷

ëû

ç÷

ëû

èø

ë

 (A.4)
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Replacing (a.2)-a(.4) back to (A.1), 
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Denote the singular value decomposition of the kinship matrix 
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 is a diagonal matrix with the diagonal elements  
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Replace this in Q and take the first derivative of Q with respect to 
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Solve for 
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, we have
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Similarly, we can have
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where 
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