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CASCADE MODEL:  ALGEBRA  
version 11/28/2007 

 
2
¥!  : phenotypic variance  
2
¥!  : covariance between the true phenotype and the phenotype on which mates assort 

¥!  : covariance between additive genetic latent factor and phenotype 

¥!  : covariance between male-specific additive genetic latent factor and phenotype 
 
d  : copath between spouses; note that 

 

r(spouse) = d! m! f  
 

¥a  : additive genetic path 

¥b  : male-specific additive genetic path 

¥d : dominance genetic path 

¥s  : sibling-specific environmental path 

¥t  : twin-specific environmental path 

¥e  : unique environmental path 

¥f  : familial path Ð set to 1 
 

¥x  : variance of familial environment 
q  : variance of common  additive genetic latent factor 
y  : variance of male-specific additive genetic latent factors 
 

¥w  : covariance between additive genetic latent factor and familial latent factor 

¥v  : covariance between male-specific additive genetic latent factor and familial latent factor 
r  : covariance between male-specific and common  additive genetic latent factors 
 

dz  : correlation between the dominance latent factors between opposite sex sibs/twins 

tz  : correlation between the twin latent factors between opposite sex sibs/twins 

sz  : correlation between the sibling latent factors between opposite sex sibs/twins 
 
Subscripts. m male; f female; ¥ male or female; MZ1 monozygotic twin 1; DZ1 dizygotic twin 1; T1 
monozygotic or dizygotic twin 1. 
Superscripts. ~ pathways to the latent factor on which spouses mate assortatively 
 

Constraints 
 
Within-person or MZ-related constraints 
1. 

 

CV(Am,Pm) = CV(AMZM1,PMZM 2) = ! m = q(am) + r(bm) + wm 
2. 

 

CV(Am, ÷ P m) = CV(AMZM1, ÷ P MZM 2) = ÷ !  m = q(÷ a m) + r( ÷ b m) + wm( ÷ f m) 
3. 

 

CV(Af ,Pf ) = CV(AMZF1,PMZF2) = ! f = q(af ) + r(bf ) + wf  

4. 

 

CV(Af , ÷ P f ) = CV(AMZF1, ÷ P MZF2) = ÷ !  f = q(÷ a f ) + r( ÷ b f ) + wf ( ÷ f f ) 
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5. 

 

CV(Bm,Pm) = CV(BMZM1,PMZM 2) = ! m = y(bm) + r(am) + vm 
6. 

 

CV(Bm, ÷ P m) = CV(BMZM1, ÷ P MZM 2) = ÷ !  m = y( ÷ b m) + r( ÷ a m) + vm( ÷ f m)  
7. 

 

CV(Bf ,Pf ) = CV(BMZF1,PMZF2) = ! f = y(bf ) + r(af ) + vf  

8. 

 

CV(Bf , ÷ P f ) = CV(BMZF1, ÷ P MZF2) = ÷ !  f = y( ÷ b f ) + r( ÷ a f ) + vf ( ÷ f f )  
 
Variance or covariance-related constraints 
9. 

 

q = CV(AMZ1,AMZ 2) = .5q+ .5+ .5÷ !  md ÷ !  f  

     fmdq !!
~~

1+=  

10. 

 

y = CV(BMZ1,BMZ 2) = .5y + .5+ .5÷ !  md ÷ !  f  

     fmdy !! ~~1+=  

 
11. 

 

xm = CV(FT1,m,FT 2,m) = m2! m
2 + o2! f

2 + 2mo(" m
2 d" f

2) 

12. 

 

xf = CV(FT1, f ,FT 2, f ) = n2! m
2 + p2! f

2 + 2np(" m
2 d" f

2)  
13. 

 

xmf = CV(FT1,m,FT 2, f ) = mn! m
2 + op! f

2 + mp(" m
2 d" f

2) + no(" m
2 d" f

2)  
 
14. )~~~~

(25.5.),(),( 21 mffmTT drrBACVBACV !"!" ++===  

     )~~~~
(5. mffmdr !"!" +=  

 
15. mdodomwFACVFACV mffmfmmmTTm

22
21

~
5.

~
5.5.5.),(),( !"!""" +++===  

16. pdndnpwFACVFACV fmmfmfffTTf
22

21

~
5.

~
5.5.5.),(),( !"!""" +++===  

 
17. mdodomvFBCVFBCV mffmfmmmTTm

22
21

~5.~5.5.5.),(),( !"!""" +++===  

18. pdndnpvFBCVFBCV fmmfmfffTTf
22

21
~5.~5.5.5.),(),( !"!""" +++===  

 
19. 

 

! m
2 = am

2 (q) + bm
2 (y) + xm + 2ambmr +2amwm + 2bmvm + dm

2 + sm
2 + tm

2 + em
2  

20. mmmmmmmmmmmmmmmmmmmmmmm vfbvbwfawarbarbaxfybbqaaPPCV
~~~~~~)(

~
)(

~
)(~)

~
,( 2 ++++++++==!       

                                    mmmmmmmm eettssdd ~~~~
++++  

 
21. 

 

! f
2 = af

2(q) + bf
2(y) + xf + 2af bf r +2af wf + 2bf vf + df

2 + sf
2 + t f

2 + ef
2 

22. fffffffffffffffffffffff vfbvbwfawarbarbaxfybbqaaPPCV
~~~~~~)(

~
)(

~
)(~)

~
,( 2 ++++++++==!  

                                    ffffffff eettssdd ~~~~
++++  

 
Twin/Sibling-related constraints 
23. 5.)

~~
(5.5.),( 21 !=+= qdqAACV mfDZDZ ""  

 
24. 

 

CV(ADZ1,¥,PDZ 2,m) = ! ¥m = .5am(q) +.5am( ÷ "  f d÷ "  m) + .5rbm + .25dbm( ÷ "  m ÷ # f + ÷ "  f ÷ # m) + wm 
     mmmm wrbqa ++!=¥ )5.("  
25. 

 

CV(ADZ1,¥,PDZ 2,f ) = ! ¥f = .5af (q) +.5af ( ÷ "  md÷ "  f ) + .5rbf + .25dbf ( ÷ "  m ÷ # f + ÷ "  f ÷ # m) + wf  
     ffff wrbqa ++!=¥ )5.("  
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26. 

 

CV(ADZ1,¥, ÷ P DZ 2,m) = ÷ !  ¥m = ÷ a m(q" .5)+ ÷ b mr + ÷ f mwm 
27. 

 

CV(ADZ1,¥, ÷ P DZ 2,f ) = ÷ !  ¥f = ÷ a f (q" .5)+ ÷ b f r + ÷ f f wf  
 
28. 5.)~~(5.5.),( 21 !=+= ydyBBCV mfDZDZ ""  

 
29. 

 

CV(BDZ1,¥,PDZ 2,m) = ! ¥m = .5bm(y) +.5bm( ÷ "  f d ÷ "  m) + .5ram + .25dam( ÷ # m ÷ "  f + ÷ # f ÷ "  m) + vm 
     mmmm vrayb ++!=¥ )5.("  
30. 

 

CV(BDZ1,¥,PDZ 2,f ) = ! ¥f = .5bf (y) + .5bf ( ÷ "  md ÷ "  f ) + .5raf + .25daf ( ÷ # m ÷ "  f + ÷ # f ÷ "  m) + vf  
     ffff vrayb ++!=¥ )5.("  

 
31. 

 

CV(BDZ1,¥, ÷ P DZ 2,m) = ÷ !  ¥m = ÷ b m(y " .5)+ ÷ a mr + ÷ f mvm 
32. 

 

CV(BDZ1,¥, ÷ P DZ 2,f ) = ÷ !  ¥f = ÷ b f (y " .5)+ ÷ a f r + ÷ f f v f  
 
Avuncular-related constraints 
33. 

 

CV(AMZ1,PMZM 2.son) = ! ¥Mm = .5am(q+ ÷ "  md÷ "  f ) + .5bm(r + ÷ # f d ÷ "  m) +" mm+ o$f
2d ÷ "  m 

34. 

 

CV(AMZ1,PMZF2.son) = ! ¥Fm = .5am(q+ ÷ "  md ÷ "  f ) + .5bm(r + ÷ # md÷ "  f ) + " f o+ m$m
2 d÷ "  f  

35. 

 

CV(AMZ1,PMZM 2.dau) = ! ¥Mf = .5af (q+ ÷ "  md÷ "  f ) + .5bf (r + ÷ # f d÷ "  m) +" mn + p$f
2d÷ "  m 

36. 

 

CV (AMZ1,PMZF2.dau) = ! ¥Ff = .5af (q+ ÷ "  md ÷ "  f ) + .5bf (r + ÷ # md ÷ "  f ) + " f p+ n$m

2
d ÷ "  f  

 
37. 

 

CV(ADZ1,PDZM 2.son) = ! ¥Mm = .5am((q" .5)+ ÷ # f d ÷ $ ¥m) + .5bm(r + ÷ % f d ÷ $ ¥m) +$¥mm+ o&f
2d ÷ $ m 

38. 

 

CV(ADZ1,PDZF2.son) = ! ¥Fm = .5am((q" .5) + ÷ # md ÷ $ ¥f ) + .5bm(r + ÷ % md ÷ $ ¥f ) +$¥f o+ m&m
2 d ÷ $ f  

39. 

 

CV(ADZ1,PDZM 2.dau) = ! ¥Mf = .5af ((q" .5) + ÷ # f d ÷ $ ¥m) + .5bf (r + ÷ % f d ÷ $ ¥m) +$¥mn + p&f
2d ÷ $ m 

40. 

 

CV(ADZ1,PDZF2.dau) = ! ¥Ff = .5af ((q" .5)+ ÷ # md ÷ $ ¥f ) + .5bf (r + ÷ % md ÷ $ ¥f ) +$¥f p+ n&m
2 d ÷ $ f  

 
41. 

 

CV (BMZ1,PMZM 2.son ) = ! ¥Mm = .5bm (y + ÷ "  md ÷ "  f ) + .5am (r + ÷ # f d ÷ "  m ) + " mm + o$ f

2
d ÷ "  m  

42. 

 

CV(BMZ1,PMZF2.son) = ! ¥Fm = .5bm(y + ÷ "  md ÷ "  f ) + .5am(r + ÷ # md ÷ "  f ) + " f o+ m$m
2 d ÷ "  f  

43. 

 

CV(BMZ1,PMZM 2.dau) = ! ¥Mf = .5bf (y + ÷ "  md ÷ "  f ) + .5af (r + ÷ # f d ÷ "  m) + " mn + p$f
2d ÷ "  m 

44. 

 

CV(BMZ1,PMZF2.dau) = ! ¥Ff = .5bf (y + ÷ "  md ÷ "  f ) + .5af (r + ÷ # md ÷ "  f ) + " f p+ n$m
2 d ÷ "  f  

 
45. 

 

CV(BDZ1,PDZM 2.son) = ! ¥Mm = .5bm((y " .5)+ ÷ # f d ÷ $ m) + .5am(r + ÷ % f d ÷ $ m) +$¥mm+ o&f
2d ÷ $ m 

46. 

 

CV(BDZ1,PDZF2.son) = ! ¥Fm = .5bm((y " .5) + ÷ # md ÷ $ f ) + .5am(r + ÷ % md ÷ $ f ) +$¥f o+ m&m
2 d ÷ $ f  

47. 

 

CV(BDZ1,PDZM 2.dau) = ! ¥Mf = .5bf ((y " .5)+ ÷ # f d ÷ $ m) + .5af (r + ÷ % f d ÷ $ m) +$¥mn + p&f
2d ÷ $ m 

48. 

 

CV(BDZ1,PDZF2.dau) = !¥Ff = .5bf ((y " .5) + ÷ # md ÷ $ f ) + .5af (r + ÷ % md ÷ $ f ) +$¥f p+ n&m
2 d ÷ $ f  

 
 

Relative Covariances  
 
MZ Twins: PP !  
1. 22222 222)()(),( mmmmmmmmmmmmmm stdvbwarbaxybqaMZMMZMCV ++++++++=!=  

2. 22222 222)()(),( ffffffffffffff stdvbwarbaxybqaMZFMZFCV ++++++++=!=  
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MZ Twins: PP
~

!  

mmmmmmmmmmmmmmmmmmmmmmmMZmMZ vfbvbwfawarbarbaxfybbqaaPPCV
~~~~~~)(

~
)(

~
)(~~

)
~

,( ,2,1 ++++++++=!=  

                                             mmmmmm ttssdd ~~~
+++  

fffffffffffffffffffffffMZfMZ vfbvbwfawarbarbaxfybbqaaPPCV
~~~~~~)(

~
)(

~
)(~~

)
~

,( .2.1 ++++++++=!=  

                                             ffffff ttssdd ~~~
+++  

 
MZ Twins: PP

~~
!  

222222
,2,1

~~~~~
2

~~2
~~2

~
)(

~
)(~~~

)
~

,
~

( mmmmmmmmmmmmmmmmmmMZmMZ stdvfbwfarbaxfybqaPPCV ++++++++=!=  

222222
,2,1

~~~~~
2

~~2
~~2

~
)(

~
)(~~~

)
~

,
~

( ffffffffffffmfffffMZfMZ stdvfbwfarbaxfybqaPPCV ++++++++=!=  

 
DZ Twins: PP !  
3. 22222 25.222)5.()5.(),( mmmmmmmmmmmmmm stdvbwarbaxybqaDZMDZMCV +++++++!+!="=  

4. 22222 25.222)5.()5.(),( ffffffffffffff stdvbwarbaxybqaDZFDZFCV +++++++!+!="=  

5. mffmmffmmffmmffmfmmf vbvbwawarbarbaxybbqaaDZFDZMCV +++++++!+!="= )5.()5.(),(  

                                               fmsfmtfmd sszttzddz +++  

                                            where 25.!dz , 1!tz , and 1!sz  

DZ Twins: PP
~

!  

mmmmmmmmmmmmmmmmmmDZmDZ wfawarbarbaxfybbqaaPPCV
~~~~)(

~
)5.(

~
)5.(~~

)
~

,( ,2,1 +++++!+!="=  

                                             mmmmmmmmmmm ttssddvfbvb ~~~
25.

~~
+++++  

ffffffffffffffffffDZfDZ wfawarbarbaxfybbqaaPPCV
~~~~)(

~
)5.(

~
)5.(~~

)
~

,( .2.1 +++++!+!="=  

                                             fffffffffff ttssddvfbvb ~~~
25.

~~
+++++  

mfffmmffmmfffmfmfmmDZfDZ wawfarbarbaxfybbqaaPPCV ~~~~
)(

~
)5.(

~
)5.(~~

),
~

( .1.2 +++++!+!="=  

                                             fmsfmtfmdmfffm sszttzddzvbvfb ~~~~~
+++++  

fmmmffmmfmfmmfmfmffDZmDZ wawfarbarbaxfybbqaaPPCV ~~~~
)(

~
)5.(

~
)5.(~~

),
~

( .1.2 +++++!+!="=  

                                             mfsmftmfdfmmmf sszttzddzvbvfb ~~~~~
+++++  

DZ Twins: PP
~~

!  
222222

,2,1
~~~

25.
~~

2
~~2

~~2
~

)5.(
~

)5.(~~~
)

~
,

~
( mmmmmmmmmmmmmmmmmmDZmDZ stdvfbwfarbaxfybqaPPCV +++++++!+!="=  

222222
,2,1

~~~
25.

~~
2

~~2
~~2

~
)5.(

~
)5.(~~~

)
~

,
~

( ffffffffffffffffffDZfDZ stdvfbwfarbaxfybqaPPCV +++++++!+!="=  

mmfffmmffmmffmfmfmmffDZmDZ wfawfarbarbaxffybbqaaPPCV
~~~~~~~~~~

)5.(
~~

)5.(~~~~
)

~
,

~
( ,2,1 +++++!+!="=  

                                            fmsfmtfmdmmfffm sszttzddzvfbvfb ~~~~~~~~~~
+++++  

 
Siblings: PP !  
6. 2),(

mmmmm
tSibMSibMCV !"=#=  

7. 2),( fffff tSibFSibFCV !"=#=  

8. fmtmfmf ttzSibFSibMCV !"=#=),(  
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Siblings: PP
~

!  

mmmmmmmSibmSib ttPPCV ~~~
)

~
,( .2.1 !"=#=  

fffffffDZfDZ ttPPCV ~~~
)

~
,( .2.1 !"=#=  

fmtfmfmmDZfDZ ttzPPCV ~~~
),

~
( .2.1 !"=#=  

mftmfmffDZmDZ ttzPPCV ~~~
),

~
( .2.1 !"=#=  

Siblings: PP
~~

!  
2

.2.1
~~~~~

)
~

,
~

( mmmmmmSibmSib tPPCV !"=#=  

2
.2.1

~~~~~
)

~
,

~
( ffffffDZfDZ tPPCV !"=#=  

fmtmfmffDZmDZ ttzPPCV ~~~~~~
)

~
,

~
( .2.1 !"=#=  

 
Spouses 
9. 22)( fmdSpouseCV !!=  

 
Parent-offspring 
10. )()~(5.)(5.)

~
(5.)(5.),( 22222

fmmmfmmmmfmmmMm domdbbdaaSonFaCV !!"!##!$$ +++++=%=  

11. )()~(5.)(5.)
~

(5.)(5.),( 22222
fmmmffmfmffmfMf dpndbbdaaDauFaCV !!"!##!$$ +++++=%=  

12. )()~(5.)(5.)
~

(5.)(5.),( 22222
mfffmmfmfmmfmFm dmodbbdaaSonMoCV !!"!##!$$ +++++=%=  

13. )()~(5.)(5.)
~

(5.)(5.),( 22222
mfffmffffmfffFf dnpdbbdaaDauMoCV !!"!##!$$ +++++=%=  

 
)

~
(

~
)~(

~
5.)(

~
5.)

~
(~5.)(~5.

~
)

~
,( 22222

fmmmmmfmmmmfmmmMmSonFa dfofmdbbdaaPPCV !!"!##!$$ +++++=%=  

)
~

(
~

)~(
~

5.)(
~

5.)
~

(~5.)(~5.
~

)
~

,( 22222
fmfmfmffmfmffmfMfDauFa dfpfndbbdaaPPCV !!"!##!$$ +++++=%=

)
~

(
~

)~(
~

5.)(
~

5.)
~

(~5.)(~5.
~

)
~

,( 22222
mfmfmfmmfmfmmfmFmSonMo dfmfodbbdaaPPCV !!"!##!$$ +++++=%=

)
~

(
~

)~(
~

5.)(
~

5.)
~

(~5.)(~5.
~

)
~

,( 22222
mfffffmffffmfffFfDauMo dfnfpdbbdaaPPCV !!"!##!$$ +++++=%=  

 
MZ Uncles 
14. mmfmmmmfmmmmmfmmmmM domdbbdaaMZMNephewCV !+!+!++!+="=

~~~5.5.
~~

5.5.),( 2#$$%%  

15. mmfmmmmffmfmmffmffM dpndbbdaaMZMNieceCV !+!+!++!+="=
~~~5.5.

~~
5.5.),( 2#$$%%  

 

mmfmmmmfmmmmmfmmmmMmMZneph domdbbdaaPPCV !+!+!++!+="=
~~~~~~5.~5.

~~~
5.

~
5.

~
)

~
,( 2

, #$$%%  

mmfmmmmffmfmmffmffMmMZniece dpndbbdaaPPCV !+!+!++!+="=
~~~~~~5.~5.

~~~
5.

~
5.

~
)

~
,( 2

, #$$%%  

 
MZ Aunts 
16. ffmffffmmfmffmmfmmF dmodbbdaaMZFNephewCV !+!+!++!+="=

~~~5.5.
~~

5.5.),( 2#$$%%  

17. ffmffffmfffffmffffF dnpdbbdaaMZFNieceCV !+!+!++!+="=
~~~5.5.

~~
5.5.),( 2#$$%%  

 

ffmffffmmfmffmmfmmFfMZneph dmodbbdaaPPCV !+!+!++!+="=
~~~~~~5.~5.

~~~
5.

~
5.

~
)

~
,( 2

, #$$%%  
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ffmffffmfffffmffffFfMZniece dnpdbbdaaPPCV !+!+!++!+="=
~~~~~~5.~5.

~~~
5.

~
5.

~
)

~
,( 2

, #$$%%  

 
DZ Uncles 
18. mmfmmmmfmmmmmfmmmmMM domdbbdaaDZMMNephewCV !+!+!++!+="= ¥¥

~~~5.5.
~~

5.5.),( 2#$%&'  

19. mmfmmmmffmfmmffmffMM dpndbbdaaDZMMNieceCV !+!+!++!+="= ¥¥

~~~5.5.
~~

5.5.),( 2#$%&'  

20. fmmmffmmmmmfmmmmmmFM dmodbbdaaDZFMNephewCV !+!+!++!+="= ¥¥

~~~5.5.
~~

5.5.),( 2#$%&'  

21. fmmmffmmfmffmmfmffFM dnpdbbdaaDZFMNieceCV !+!+!++!+="= ¥¥

~~~5.5.
~~

5.5.),( 2#$%&'  

 

mmfmmmmfmmmmmfmmmmMMmDZneph domdbbdaaPPCV !+!+!++!+="= ¥¥

~~~~~~5.~5.
~~~

5.
~

5.
~

)
~

,( 2
, #$%&'  

mmfmmmmffmfmmffmffMMmDZniece dpndbbdaaPPCV !+!+!++!+="= ¥¥

~~~~~~5.~5.
~~~

5.
~

5.
~

)
~

,( 2
, #$%&'  

mfmmfmfmmmmmfmmmmmFMfmDZneph dmodbbdaaPPCV !+!+!++!+="= ¥¥

~~~~~~5.~5.
~~~

5.
~

5.
~

)
~

,( 2
, #$%&'  

mfmmfmfmfmfmfmfmffFMfmDZniece dnpdbbdaaPPCV !+!+!++!+="= ¥¥

~~~~~~5.~5.
~~~

5.
~

5.
~

)
~

,( 2
, #$%&'  

 
DZ Aunts 
22. ffmffffmmfmffmmfmmFF dmodbbdaaDZFFNephewCV !+!+!++!+="= ¥¥

~~~5.5.
~~

5.5.),( 2#$%&'  

23. ffmffffmfffffmffffFF dnpdbbdaaDZFFNieceCV !+!+!++!+="= ¥¥

~~~5.5.
~~

5.5.),( 2#$%&'  

24. mffmfmffmfmmffmfmmMF domdbbdaaDZMFNephewCV !+!+!++!+="= ¥¥

~~~5.5.
~~

5.5.),( 2#$%&'  

25. mffmfmfffffmffffffMF dpndbbdaaDZMFNieceCV !+!+!++!+="= ¥¥

~~~5.5.
~~

5.5.),( 2#$%&'  

 

ffmffffmmfmffmmfmmFFfDZneph dmodbbdaaPPCV !+!+!++!+="= ¥¥

~~~~~~5.~5.
~~~

5.
~

5.
~

)
~

,( 2
, #$%&'  

ffmffffmfffffmffffFFfDZniece dnpdbbdaaPPCV !+!+!++!+="= ¥¥

~~~~~~5.~5.
~~~

5.
~

5.
~

)
~

,( 2
, #$%&'  

mfffmmffmfmmffmfmmMFmfDZneph domdbbdaaPPCV !+!+!++!+="= ¥¥

~~~~~~5.~5.
~~~

5.
~

5.
~

)
~

,( 2
, #$%&'  

mfffmmfffffmffffffMFmfDZniece dpndbbdaaPPCV !+!+!++!+="= ¥¥

~~~~~~5.~5.
~~~

5.
~

5.
~

)
~

,( 2
, #$%&'  

 
Sibling Uncles 
26. mmfmmmmfmmmmmfmmm domdbbdaaSibMMNephewCV !+!+!++!+= ¥¥

~~~5.5.
~~

5.5.),( 2"#$%&  

27. mmfmmmmffmfmmffmf dpndbbdaaSibMMNieceCV !+!+!++!+=
••

~~~5.5.
~~

5.5.),( 2"#$%&  

28. fmmmffmmmmmfmmmmm dmodbbdaaSibFMNephewCV !+!+!++!+= ¥¥

~~~5.5.
~~

5.5.),( 2"#$%&  

29. fmmmffmmfmffmmfmf dnpdbbdaaSibFMNieceCV !+!+!++!+= ¥¥

~~~5.5.
~~

5.5.),( 2"#$%&  

Sibling Aunts 
30. ffmffffmmfmffmmfm dmodbbdaaSibFFNephewCV !+!+!++!+= ¥¥

~~~5.5.
~~

5.5.),( 2"#$%&  

31. ffmffffmfffffmfff dnpdbbdaaSibFFNieceCV !+!+!++!+= ¥¥

~~~5.5.
~~

5.5.),( 2"#$%&  

32. mffmfmffmfmmffmfm domdbbdaaSibMFNephewCV !+!+!++!+=
••

~~~5.5.
~~

5.5.),( 2"#$%&  

33. mffmfmfffffmfffff dpndbbdaaSibMFNieceCV !+!+!++!+= ¥¥

~~~5.5.
~~

5.5.),( 2"#$%&  
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MZM Cousins 
34. mMfmMmMfMmmmMfMmm domdbdaMZMCousMCousMCV !+!+!++!+= ¥¥

~
)

~~(5.)
~~

(5.),.,.( 2"#$%&  

35. fMffMfMfMfmfMfMfm domdbdaMZMCousFCousMCV !+!+!++!+= ¥¥
~

)
~~(5.)

~~
(5.),.,.( 2"#$%&  

36. fMffMfMfMfffMfMff dpndbdaMZMCousFCousFCV !+!+!++!+= ¥¥
~

)
~~(5.)

~~
(5.),.,.( 2"#$%&  

 
MZF Cousins 
37. mFmmFmFmFmmmFmFmm dmodbdaMZFCousMCousMCV !+!+!++!+=

••

~
)

~~(5.)
~~

(5.),.,.( 2"#$%&  

38. fFmfFfFmFfmfFmFfm dmodbdaMZFCousFCousMCV !+!+!++!+= ¥¥

~
)

~~(5.)
~~

(5.),.,.( 2"#$%&  

39. fFmfFfFmFfffFmFff dnpdbdaMZFCousFCousFCV !+!+!++!+= ¥¥
~

)
~~(5.)

~~
(5.),.,.( 2"#$%&  

 
DZM Cousins 
40. mMMfmMMmMMfMmmmMMfMmm domdbdaDZMMCousMCousMCV !+!+!++!+= ¥¥

~
)

~~(5.)
~~

(5.),.,.( 2"#$%&  

41. fMMffMMfMMfMfmfMMfMfm domdbdaDZMMCousFCousMCV !+!+!++!+= ¥¥

~
)

~~(5.)
~~

(5.),.,.( 2"#$%&  

42. fMMffMMfMMfMfffMMfMff dpndbdaDZMMCousFCousFCV !+!+!++!+= ¥¥

~
)

~~(5.)
~~

(5.),.,.( 2"#$%&  

 
DZF Cousins 
43. mFFmmFFmFFmFmmmFFmFmm dmodbdaDZFFCousMCousMCV !+!+!++!+= ¥¥

~
)

~~(5.)
~~

(5.),.,.( 2"#$%&  

44. fFFmfFFfFFmFfmfFFmFfm dmodbdaDZFFCousFCousMCV !+!+!++!+= ¥¥

~
)

~~(5.)
~~

(5.),.,.( 2"#$%&  

45. fFFmfFFfFFmFfffFFmFff dnpdbdaDZFFCousFCousFCV !+!+!++!+=
••

~
)

~~(5.)
~~

(5.),.,.( 2"#$%&  

 
DZMF Cousins 
46. mMFfmMFmMFfFmmmMFfFmm domdbdaDZMFCousMCousMCV !+!+!++!+= ¥¥

~
)

~~(5.)
~~

(5.),.,.( 2"#$%&  

47. fMFffMFfMFfFfmfMFfFfm domdbdaDZMFCousFCousMCV !+!+!++!+= ¥¥

~
)

~~(5.)
~~

(5.),.,.( 2"#$%&  

48. mMFfmMFmMFfFmfmMFfFmf dpndbdaDZMFCousMCousFCV !+!+!++!+= ¥¥

~
)

~~(5.)
~~

(5.),.,.( 2"#$%&  

49. fMFffMFfMFfFfffMFfFff dpndbdaDZMFCousFCousFCV !+!+!++!+= ¥¥

~
)

~~(5.)
~~

(5.),.,.( 2"#$%&  

 
Grandparents 
50. =),( GrnsonPatGfaCV  

      )
~

()
~~2~(25.)

~~
2

~
(25. 222

fMmMmMmfmfmmMmfmfmm domddbdda !"!""#!## $+$+$+++$++  

51. =),( GrnsonMatGfaCV  

      )
~

()
~~2~(25.)

~~
2

~
(25. 222

mMfMfMfmmfmmMfmmfmm dmoddbdda !"!""#!## $+$+$+++$++  

52. =),( GrnsonPatGmoCV  

      )
~

()
~~2~(25.)

~~
2

~
(25. 222

fFmFmFmffmfmFmffmfm domddbdda !"!""#!## $+$+$+++$++  

53. =),( GrnsonMatGmoCV  

      )
~

()
~~2~(25.)

~~
2

~
(25. 222

mFfFfFfmfmfmFfmfmfm dmoddbdda !"!""#!## $+$+$+++$++  

54. =),( GrndauPatGfaCV  
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      )
~

()
~~2~(25.)

~~
2

~
(25. 222

fMmMmMmfmfmfMmfmfmf dpnddbdda !"!""#!## $+$+$+++$++  

55. =),( GrndauMatGfaCV  

      )
~

()
~~2~(25.)

~~
2

~
(25. 222

mMfMfMfmmfmfMfmmfmf dnpddbdda !"!""#!## $+$+$+++$++  

56. =),( GrndauPatGmoCV  

      )
~

()
~~2~(25.)

~~
2

~
(25. 222

fFmFmFmffmffFmffmff dpnddbdda !"!""#!## $+$+$+++$++  

57. =),( GrndauMatGmoCV  

      )
~

()
~~2~(25.)

~~
2

~
(25. 222

mFfFfFfmfmffFfmfmff dnpddbdda !"!""#!## $+$+$+++$++  

 
Twins-in-law 
58. mmf dSpouseMZMMZMCV !=

~
).,( 2"  

59. ffmdSpouseMZFMZFCV !=
~

).,( 2"  

60. mmf dSpouseDZMDZMCV !=
~

).,( 2"  

61. ffmdSpouseDZFDZFCV !=
~

).,( 2"  

62. fmmdSpouseDZFDZMCV !=
~

).,( 2"  

63. mff dSpouseDZMDZFCV !=
~

).,( 2"  

 
Sibs-in-law 
64. mmf dSpouseBroBroCV !=

~
).,( 2"  

65. ffmdSpouseSisSisCV !=
~

).,( 2"  

66. fmmdSpouseSisBroCV !=
~

).,( 2
"  

67. mff dSpouseBroSisCV !=
~

).,( 2"  

 
Spouses-in-law 

68. mmf dSpouseMZMSpouseMZMCV !=
~~

).,.( 24"  

69. ffmdSpouseMZFSpouseMZFCV !=
~~

).,.( 24"  

70. mmf dSpouseDZMSpouseDZMCV !=
~~

).,.( 24"  

71. ffmdSpouseDZFSpouseDZFCV !=
~~

).,.( 24"  

72. mfmf dSpouseDZFSpouseDZMCV !=
~~

).,.( 222
""  

 
 
 
Parents-in-law 
73. Mmf dFaWifeCV !=

~
),( 2"  

74. Fmf dMoWifeCV !=
~

),( 2"  

75. MfmdFaHusbandCV !=
~

),( 2"  
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76. FfmdMoHusbandCV !=
~

),( 2"  

 
MZ Avuncular In-laws 
77. mFmdSpouseMZFNephewCV !=

~
).,( 2"            

78. fFmdSpouseMZFNieceCV !=
~

).,( 2"           

79. mMf dSpouseMZMNephewCV !=
~

).,( 2"            

80. fMf dSpouseMZMNieceCV !=
~

).,( 2"           

 
DZ Aunts-in-law 
81. mMMf dSpouseDZMMNephewCV !=

~
).,( 2"  

82. fMMf dSpouseDZMMNieceCV !=
~

).,( 2"  

83. mFMf dSpouseDZFMNephewCV !=
~

).,( 2"  

84. fFMf dSpouseDZFMNieceCV !=
~

).,( 2"  

 
DZ Uncles-in-law 
85. mFFmdSpouseDZFFNephewCV !=

~
).,( 2"  

86. fFFmdSpouseDZFFNieceCV !=
~

).,( 2"  

87. mMFmdSpouseDZMFNephewCV !=
~

).,( 2"  

88. fMFmdSpouseDZMFNieceCV !=
~

).,( 2"  

 


