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ABSTRACT

The method of analysis of diallel crosses when one or two observations are missing has
been developed for Griffing Method I, If and I11. The formulae for obtaining estimates of
various parameters involving the missing line or otherwise along with their estimates of
variances are given. The ANOVA tables for combining ability analysis for all the three
methods are also presented. It has been observed that extension of the technique for more
than two missing observations is quite simple and straightforward.
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Diallel analysis is very commonly used in plant and animal breeding for identifying the
best selection potential of the crosses in an early generation. Griffing [1] proposed four
methods of analysis depending on the inclusion of parents and/or reciprocals along with
Fis. The breeders are unable to perform combining ability analysis of diallel crosses when
some observations are missing which sometimes happens in field experiments due to
several natural hazards.

The use of missing plot technique has been quite common in environmental designs but
its use in mating designs, like diallel crosses has been very limited. Kaushik & Puri {2, 3]
suggested a missing plot technique for diallel crosses based on Topham model [4]. Manocha
[5] proposed a missing plot technique in diallel crosses for Method-1V of Griffing [1]. In the
present paper, the methods of analysis of remaining three methods, i.e. Methods I, 1l and
Il of Griffing [1], when one or two observations are missing, based on the Bartlett [6] missing
plot technique have been presented. In case of one missing observation it may pertain to a
cross or to a parent in Method I and Method II, while in Method 111 it will pertain to a cross
only. These cases will be discussed together.

MODEL AND ANALYSIS WHEN ONE OBSERVATION IS MISSING

Consider n possible crosses of v inbred lines laid out in randomized block design with
r replications.
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Let the observation yi'j’k’ in a cross (i’ x j') involving i’-th female mated to j’-th male in
k'’-thblock be missing. If i’ =§', the missing observation pertains to the i’-th parent. The model
to be considered for combining ability analysis in Method I will be as under:

Yik = B+ 8i+ g +sij +1ij + Bk — X) + ejk oV
(G,j=1,23...v;k=1,2...1)

where yijk is the observation on (i X j)th cross, i.e. i-th female mated to j-th male in k-th block;
u is the average effect; gi (gj) is the gca effect of i-th (j-th) line; sij is the sca effect of (i x j)th
cross; rij is the reciprocal effect; bk is the k-th block effect; xijk is the corresponding
observation of concomitant variable; B is the regression coefficient of y on x; and ejjk is the
random error associated with the observation yik assumed to be normally and
independently distributed with mean 0 and constant variance o%. xijk will have the value 1
if only one observation is missing and 0 otherwise and x is the overall mean of concomitant
variable. The corresponding value of y for the missing case will be taken as zero.

Using the notation of Griffing [1], the estimates of parameters are obtained by the
method of least squares as given below:

Method I
ﬁ =y v
é\i = (yi._+y,i_)/2vr—y.../rvz—ai(S)ﬁ/rv2

A

sij = (yij. +y)/2r~(yi +yi+yj. +yj)/2vr+y.../ rvZ-a;® B/rv?

SI;i = yi/r=(yi. +yi)/vr+y.. vt - a; ® ﬁ/WZ
ﬁj = (yj.— y;i,)/ 2r - aj; ® ﬁ /2r @
Method II

no= 2y.../rv(v+ 1)

& = vy +yi)-2y...—a ®Bl/rv(v+2)
S = (4D (v2lyy — (1) (i +yis 45473 + 2y — 2y OB1/r(v+1) (v42)
G=j
G = (VD) (v+2)ysi, - 20v+D) (yi. +yii) + 2y .. . - a5 OBI/1(v+1) (v+2) @)
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Method III
ﬁ = y.../rv(v-1)
g = Wy +yi)-2y...-2;® fl/2rv (v-2)
A
Vs = (yity)/ 2= (yi +y ity Y )/ 200v=2) + y... /r(v=1) (v-2)-ay B /2r(v-1) (v-2)
' (=
i = (- yi)/2r-ay OB /2r @

In the above formulae a; ®), a;; ), a;; ®) and a; ™ are the constants which will have the
values as specified in Table 1. The estimate of regression coefficient is obtained as under:

ﬁ = Exy/ Exx - (5)

whereE,y =(y...~1y. .k~ nyjy.)/nr. and Exx = (r-1) (n-1)/nr. The estimates of block effects
are not given as they are of no interest to a geneticist or breeder.

From the above estimates, one has to pick up the corresponding applicable estimates
depending on the method used and whether the observation on a cross or a parent is
missing. Now let us consider the case when the observation on (i’ x j")th cross or a parent in
Method I is missing. Here a; ® will have only two values, (v-2)/2 and -1, depending on the
involvement or no involvement of i-th line in missing cross. Consequently, the estimate of
gi will be:

B = (+y/2vr-y... /rv? - -2)B/2r? if i=i
g = (yi+y)/2ve-y.../rv?+B/rv? if i i

For estimating sjj, aj; ® will have all values mentioned in the table except —(v-1)
depending on whether both i-th lines or only one or none of them is involved in missing
observation. Similarly aj; ) will have three values and, consequently, there will be three
possible estimates of rjj.

Now let us consider the case when an observation on i'-th parent in k’-th block is
missing. For estimating g;, a; ® will have values v-1and 1; for estimating sy, a; ® will have
the values -(v-1) and 1; for estimating s;;, a,l 9 will have the values (v=1)* and 1; and for
estimating rj;, ajj ® will have only zero value. Similarly, the estimates of parameters are
obtained in the remaining two methods also. For instance, in Method II, in case of missing
observation on a cross, there will be two estimates each of g; and s;j; depending upon whether
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the i-th line is involved or not in a missing cross; and three estimates of sij when both of the
parents are involved in the missing cross. Similarly, if an observation on a parent is missing,
there will be two estimates each of g;, sij and sji. Likewise in Method I1I, there will be two
possible estimates of g; and three of s;j as well as r;;.

The sums of squares (SS) obtained by usual method of fitting constants given by
Coons[7], are presented in Tables 2, 3 and 4 for Method I, Method II and Method II,

respectively. The notations in the tables used are as under.

Table 1. Values of ai ® ajj ), a; ® and a;; ™ in three different diallel methods

Parameter Method [ MethodII  Method 111 Explanation
a'® -1 2(v-1) N.A. If i-th line is involved in the missing observation
onaparent (i=i'=j’)
(v=2)/2 (v-2) (v-2) If i-th line is involved in the missing observation on
across(i=i'orj,i' = j)
-1 -2 -2 Otherwise
ai © (V=2v+2)/2  (v+v+2)  (v-2(v-3)  Ifbothi-thand j-th lines are involved in the missing
observation (i=1,j=jori=j,j=1 i"# i)
~(v-2)/2 ~(v-1) —(v-3) If either i-th or j-th line is involved in the missing
observation (iorj =i’ orj’)or (' # j)
~(v-1) -2v N.A. If observation on i-th or j-th parent is missing
Gi=1i =j orj=i =§)
-1 2 2 Otherwise
ai ¥ (v-1)? v(v-1) NA. | If missing observation pertains to i-th parent (i =i’ =’ )
—(v-1) ~2v N.A. If missing observation involves i-th line as male or
female parent (i=i" orj',i' = j')
1 2 N.A. Otherwise
a; ™ 1 N.A. 1 If observation on (i X j)th cross is missing (i=1',j=j")
-1 N.A. ~1 If observation on (j x i) cross is missing
0 N.A. 0 Otherwise

N.A. — Not applicable.

Method 1
Ryy = Zy2..k/v2¥y2.../rvz, Cyy = 2‘.y2ii./r—y2.../rv2
Gyy = I(y;i +yi)?/2vr-2y%. . /rv? ey = T (yi - yi)?/2r
Yy Yi. tYi y - ’ yy Yii. — ¥iji.
Syy = Ly +yi)? /20 + Ly 2 S (yi 4y ) 2vr 4y /P

Eyy Ty? ik~ Z y* ii./r—Zy2 KV yz. 1P 6)
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Table 2. ANOVA table for Method I when observation on a cross is missing

Source df. Adjusted sum of squares
Replications  r-1 Ryy + ﬂExy -y, i /r(e=1)
Crosses v Cyy+ BExy -y* . k' /v3( 1)
Gea’ v-1 Gyy + BEay = IVlyi . +yi + vy +yy) - 2ry . K- 2y
=2y P /avirlv-2) + (r—]) w1l
Sca’ viv-1)/2 Syy + BEwy ~ 1v3(yiy =Yi) = Ve + yie +yr +yp)
=2ry +4y F/2v2r [(VP=2v+2) + 20-1) (V2 ~-1)]
Reciprocals’  v(v=1)/2 Ty + ﬁExy + lZy...-/ 2ry k' -v (yi'y, - yi.i'.)]2/2v2r(rv2—r+1)
Error (r-1) (v*-1)-1 Eyy = BE,y

"When observation on a parent is missing,

Gea$5 =Gy + PEqy - vy +y.y=1y o= viyip=2y.. 2 /vil2(v-1) + (-1) v=1)]
ScaS5=S5,, + ﬁExy‘ —Ry...-viyp +yi)-ry. KPP/ V(v -2v-1+2)

Reciprocal 58 =1y,

Table 3. ANOVA table for Method Il when observation on a cross is missing

Source d.f. Adjusted sum of squares

Replications  r-1 Ry + ﬁExy -y iy /re=D

Crosses v(v+1)/2-1 Cyy + BExy -4y K /v(v+) (VP 4 v =2)

Gea' v-1 Gyy + BEvy = IV(v+1) (yi + yiie + v VD) (D = 2wy, K

“2vy .. P Jvr(vH]) (v4+2) [vi(r-1) + v2(3r-1)-2v-dr]
y-

Sca v(v=1)/2 Suy *+ BExy — [4(v+Dy. .. - viv+1) i+ ypr *+ Yy * )
~2r(v+2)y .. k' P/vr (v+1) (v42) [1v* +v2 (3r=2) + 2v 4(r-1)1

Error viv+1)/2-1]lr-1}-1  Eyy - ﬁE,‘y

* . . . .
When observation on a parent is missing.

Gea §5 = Gyy + fE,y - 2v(v+1) (y§ + Y1) = vOvED () iy =241y
=2vy . I vr(v+]) (v+2) [4(v 1)+ (r-1) (v+2) W+ v-2)]

Sca 85 =5y + ﬁExy = 4(v+Dy . .. = 2v(v+]) (yy, + ¥Viv) - 2r(v+2)y WPIvrv+1) (v+2) [rv? + vAGBr-4)-4G-1)]
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Table 4. ANOVA table for Method 11l when observation on a cross is missing

Source df. Adjusted sum of squares

Replications  r-1 Ryy + BExy - y? iy /r(r-1)

Crosses vi-v-1 Cyy+ ﬁExy —y*. K /v(v-1) (vP—v-1)

Gcea v-1 Gyy + ﬁExy ~[vv-1) (yi + yir + yj.  +yp)-2viv-1) v-yij. - 2r(v-2)y

~vy...F /4v-2%(v-1) + (-=1) (v*-v-1)]
Sca vv-3)/2 Spy + BEry —Iv(v-D) (v-2) (g0, = i) ~vOv-D i+ ¥+ Y.+ ¥5)
=2r(v-2)y_ y + 4(v=-Y3y _ I"/[2rv(v-1) v=2) [v=3v+2 (r-1) (v*=v-1)]

Reciprocals viv=1)/2 r"& + ﬁExy +[2y -2ty y - v(v-1) (yiy. - yi'y,)lz/ 2rv(v-1) [(v(v-1) + 2(r-1)
v~v-1)]

Error (r=1) (V2=v=1)-1 Eyy - ﬁExy

Method II

Ry, = 252 K k/vv+1) - 2y2 . /rv(v+), Cyy = Eyzi;_/r -2y% .. /rv(v+1)

Gyy = [E@i. +yi) -4y’ .. ./V)/r(v+2),

Syy = Ty%i/T-E(yi.. + yi)/r(v+2) + 257 . /rv(v+1) (v42)

Byy = Zy%-Sy%/r-25y° /viv+D) +2y% .. /rv(v+1) @
Method 111

Ry, = Zy* i /vlv-1)-y?.../rv(v-1) Cyy = Zy%i/r-y2 . ./rv(v-1)

Yy Y .k y .- . yy Y ij. y.--

Gyy = Sy +yi )2 2v-2) -2y .. /rv(v-2), 1y, = Zlys;, - y5i )2/ 2r

Syy = E(yj +yji)?/2r-Z(y;. + y )2/t =2 +y* . /r(v-1) (v-2)
Ey = Z yzijk -z yzii./r -z y2 k/viv-1) + y2 .. Jrv(v-1) €)]

The terms like Ryy, Cyy, Gyy, Syy, etc. are same as used for computing sums of squares
in the analysis of variance model and the terms other than these are adjustment terms. The
additional adjustment terms can easily be obtained by simply putting the totals from the
diallel table. '
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Table 5. ANOVA table when two observations are missing

Source df. Adjusted sum of squares

Blocks r-1 — -

Crosses n-1 Cyy+ 61 Ey+ ﬁz E,y - ﬁ] © (Exy + Cyy) - ﬁz © (E;y + Cyy)
Parental effects (Gca) v-1 Py + ﬁl E,, + ﬁz Eny- ﬁ] ™ (E,y + Pyy) - ﬁz ® (€, + P,
Parental interactions (sca) ™ v(v-1)/2 Gyy + 61 Exy+ ﬁz Epy - ﬁl V(B + Gyy) ~ ﬁz PO(E,, + Gy
Reciprocal effects” v(v-1)/2 Ty + ﬁ] Ey+ ﬁz Eyy- ﬁ, o (Exy +1yy) ~ 62 @ (Epy + Iyy)
Error -Dn-1-2  Eyy-f, E,,-B, E,

"n is v2 for Method I, v(v+1)/2 for Method 11, and (v*~v) for Method Iil.
“Sca d.f. will be v(v-3)/2 for Method III.
™Not applicable for Method 11

Table 6. Values of Txx, Tzz and Txy for Method I

Component When observation on a cross When observation on a parent
is missing is missing
TXX (TZZ) TVy TXX (TZZ) Txy
Crosses v3-1)/r? Yij./r-y ../ ? vA-1n/m? Vi /1=y /12
Parental effects (gca) (v-2rv? i +yatyp 4y )2 2v-1/rv? (yi+yi)/vr
—2y.../rv2 _—2y.../|'v2
Parental interactions (sca)  (v2-2v+2)/2rv? vy tyyin /2 (v-12/rv? yii /T
"()'i'..+y.i2'.+)'j’.."’y.i‘.)2"" =y tyid/vr
+y.../1v +y../rv
Reciprocal effects 1/2r yip~ypv)/2r 0 0
Error -1(v31)/rv? (y...-ry,,k--vzyi.j-_)rv2 DA/ (yemry k=—vPy) /v

The variances due to the estimates for various parameters are given below:

Method I
var (&) = [(v-1)+2 @ B2/ - 1Xr - 1)] 6%/2rv?

var (8) = [(vV-2v+2+2 @ ®) 2/(v* - 1) (-D)] o*/2rv? G(i# §)
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var (§) = [(v =172+ (@3 N2 /(v? = 1) (r - 1)] o2/ 21v?
var (1) = [v1+(a; ™2 /2 (r - 1) (v2 - D] 6*/2r?

Method 1I

var () = [(v-1)+ (a @ (v+1)/(v+2) (-1) (V + v=2)] o? /rv(v+2)

var (§) = [v?+v+2) +vay &)/ (v42) (-1) (VP + v-2)] 6 /r(v+1) (v+2)
var &) = vI(v-1)+@; )2/ v+2) (t-1) (VP + v-2)lo? /r(v+1) (v+2)
Method 1II

[(v-1) /2rv (v=2) + (@; ®)? (v-1) / 4r (1) v (v=2)? (v2-v-1)]o>

var ({;\i )

[v=3) /2r (v-1) + (a5 ®) v/4r (r-1) (v-1) (v=2)2 (v* - v-1)]

It

A
var (sii )

var (1%) = [1/2r + (a5 2 2 -v) / 4r (r-1) (vz—v—l)] o>

C)

(10)

1n

The variance of differences between effects may also be computed in a similar manner.
The values of a; ®, ajj ® a; ®and ajj ® are to be substituted from Table 1 depending on the

applicability in a particular case.

MODEL AND ANALYSIS WHEN TWO OBSERVATIONS ARE MISSING

The covariance technique for handling of missing data can be easily extended to the
case when two or more observations are missing by introducing one new concomitant
variate for each missing observation and then using the multiple covariance technique for
analysis. In case of two missing observations, assume additional covariate z apart from x in
the model under consideration. The z takes value 0 or 1 similar to x. The observation y
corresponding to both the missing values are taken to be zero. For example, the model for

Method I can be written as:

ik = B+ gi+ g+ sij+ I+ b+ By (k= %) + B2 zijk - 2) + ey
i,j=123...v;k=1,2...1n

(12)

where the parameters of the model are same as in equation (1)and B3, B2, are the regression
coefficients of y on x and z, respectively. The model for other two methods can be written

in the same way.
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Table 7. Values of Txx, Tzz and Txy for Method 11

Component When observation on a cross When observation on a parent
is missing is missing
TXX (TZ!) Txy TXX (TZZ) TX)’
Crosses fv(v+1)-21/ v(v+ Dy -2y..1/ lv(v+1)-2]/ v+ Dyigy~2y...1/
rv{v+1) rv(v+1) rv(v+1) rv(v+1)
Parental effects (gca) 2v-2)/rviv+2)  [vlyr +yie +yy +yi) Av-1/rv(v+2)  Rv(yy +yp v )-4y..]
-4y..1/rv(v+2) /rv(v+2)
Parental interactions (sca) (v2+v+2) iy /T viv-D/rlv+1) -y /0-2yy +yiv)/
/r(v+1)(v+2) ~(yir. +Yiei Yy i) (v+2) r(v+2) + 2y /r(v+])
/r(v+2) +2y.../r(v+1) (v+2)
(v+2)
Error F=DV4v=2)/  [2y..-2ry p—v(v+1) e-D(V*+v-2)/  [2y..-2ry go-viv+1)
rv(v+1) yip)l/rv(v+1) rv(v+1) yii )/ rv(v+1)

When two observations are missing, they may belong to two crosses, two parents, or
one to a parent and the other to a cross in Methods I and I, while in Method I1i, they will
belong only to crosses as there are no parents in this case. In general, let us assume yi'j’k’
and yutm be the two missing observations on (i’ x j)th and (u x t)th crosses in k’-th and m-th
blocks, respectively.

Table 8. Values of Txx(Tzz) and Txy for Method 111

Component When observation on a cross is missing
Tux(T22) Txy
Crosses (V-1 (v*-)r yiy./1-y.../rv(v-1)
Parental effects (gca) 1/vr [v(yi.+yi+yy.+yi)-dy.../ 2rv(v-2)
Parental interactions (sca) (v-3)/2r(v-1)) (yij +yyi )/ 2=y +y v +yy +y i)/ 2r(v-2)
+y.../r(v=1)(v-2)
Reciprocal effects 1/2r (yiy-yji)2r
Error (r-1D(v2=v=1)/rv(v-1) (y..-ry.x-v(v-1 )2}'i'j'.)/ rv(v-1)

The estimates of parameters are obtained by the least squares method. For example, the
least square estimates in Method I are obtained as under:

A
p o= y.../rv:2
A

g = [vlyi. +yi)-2y...-2(@ Bi +q ® B2 )1/2rv?
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A
Sij

]

VP Gy + Vi) = Vi + Vi Vi Y + 2y ... - Gy OB, +¢j ® B.)1/2rv?

sio= [V Vil V(i +yi) +y. .. - @j OB+ ® B1/rv?

rl;i = llyij. - yji) - ajj ® B, +¢j © B)1/2r 13)

where ¢;®,¢;®, ¢;® and ;™ will have the same respective valuesas a; ®, 2;;®,
aji ®and ajj ® given in last section. The a’s are concerned with yy i’k -th missing observation
while ¢'s are concerned with yy¢m-th missing observation. The estimates of parameters in
the remaining two methods are also obtained in a similar manner.

The values taken by the combination of a's and ¢'s on substituting in the respective
formula (13) will give required estimates of various parameters. For instance, when y;j -th
and y,m-th observations on two different crosses in k'-th and m-th blocks are missing in
Method I, each of a; ® and c; ® will take two values and we will have four possible estimates
of g; corresponding to the four possible combinations of a; ® and ¢; ®. For example,

é\i = (yi.*yi)/2vr-y.../ v - (v=2) (ﬁ1 +ﬁ2)/ 2rv? if both missing crosses pertain to
the i-th line (i=i'=u)

(yi+yi)/2vr-y../ v - (v—Z)ﬁ1 J2vir +62/ rv®  if i-th line is involved in first
missing observation (i=i'# u)

(yi.*yi)/ 2vr-y.../ Ve + ﬁl /v +(v—2)ﬁ2/ 2rv?  if i-th line is involved in second
missing observation (i=u# i)

(yi. +yi)/2vr+y../ v +(61 + ﬁz)/ rv? otherwise

For estimating s;;, aj; ®) and Cij ®) each will take all values except ~(v-1) which will form
9 combinations and will thus give 9 possible estimates of s;;. Similarly there will be four
estimates of sjj and 9 of rj;.

When yjji -th and yyim th observations are missing in Method 1I, each a; ® and G ®
will have two values, which will make four combinations, and on substituting in extended
form of formula (3) they will have four estimates of g;. Similarly, there will be nine estimates
of s;; and four of s;;. The estimates for Method 11l can also be enumerated in a similar manner.

Now let us consider the case where two observations on parents, say yij’k’ and yutm (i’
# u) are missing. In Method 1, each of a; ® and c; ®) will have the values v-1 and -1; aj; ®
and Gjj ®) will have the values -(v-1) and -1; aj ® and g; ® will have the values (v-l)2 and



February, 1997] Missing Plot Technique in Diallel Analysis 79

1and a;; ” and c;; ® will have the values zero. The combinations of a’s and ¢'s will give four
estimates each of g, sj;, sij and one estimate of rjj. In Method 11, there will be four estimates
each of g, sjj and s;;,

The estimates of §; and B, for observations missing on two different crosses i.e. (i’ X j")th
and (u x t)th in k’-th and m-th blocks are obtained, in general, as:

ﬁl = (EnExy - Eszzy)/ (ExxEz - E xz)
and
By = Euokry-Euby)/ Eobrp-E) (14)

Where ‘E,‘, and Eyy are error sums of squares for z and x; E,y and E,; as error sums of
products of z with y and x, respectively; and Eyy is the error sum of the products
of x with y. '

Here Eyy = E,; = (r-1) (n~1)/rn, Exy = (y... - ry. k' - nyjj.)/m and Ezy = (yo. = 1y . m—
nyyut.)/ . The values of Ex is to be obtained from bottom of Table (9).

The sums of squares obtained by the method of fitting constants are presénted in Table
(5). In this table Cyy, Syy, Gyy and Ry, are computed by the formulae (6) or (7) or (8)
depending on the method used and ﬁ, and 62 are obtained by using the equation (14).

ﬁ] ©, ﬁ] ® 6] . 61 ™ and ﬁz © ﬁz ® ﬁz ey 62 ® are also obtained using equation (14)

by replacing the error sum of squares and sum of products term with T (treatment) + error,
where T is C (cross effect), or P (parental effect), or PI (Parental interaction effect), or r
(reciprocal effect). While computing these the values of B's, Txx, Tz, Txy are to be obtained
from Tables 6, 7 or 8, depending on their applicability. The value of T,y will also be same as
of Txy with i’ replaced by u, j’ by t, and k’ by m. The value of Ty, is to be obtained from
Tables 9, 10 or 11, depending on the applicability of the case.

The variance of the estimates obtained here can be seen to be a simple extension of the
case of one missing observation, i.e. in the formulae (9) - (11), a term due to the second
missing observation will get introduced in a manner similar to that of the first.

For example in Method I, the variance of estimates are obtained as under:

var(ﬁ) = o /rv?

var () = [(v-1)+2@@® +¢®2)/21) (-Dic? /2rv?
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Table 9. Values of Tyx; for Method 1
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Component When two observations are pertaining to
same reciprocal crosses cross .same parent and b
cross crosses withany  withno parent a cross
common  common with common
parent parent parent
Crosses (Cxz) w=1)/rv? -1/’ S VLG V2SR UL VIS DL P
Gea (Gxa) v=-2)/rv v-2)/mv? v-4/2v 2/ Av-D/ =D/ 2/
Sca (Sxz) W2v/20 (Vvd/2vt @-v/av 1/ - e/t 1/ e
Reciprocals (rx)  1/2r ~1/2r 0 0 0 0 0
***Two different parents or crosses or parent and a cross with no common parent.
Notes: Exz = -(r-1)/mif two observations missing in the same replication.
. Exz = -(n-1)/m if two observations missing on the same cross or parent.
Exz = 1/ otherwise (i.e. none of above).
Table 10. Values of Tx; for Method 11
Component When two observations are pertaining to
same parent aparentand a two different same cross
cross with parents or crosses,
common parent or a parent and
across with no
common parent
Crosses (Cxz)’ (v+v=2)/rv(v+1) =2/rv(v+1) =2/rv(v+1) (V+v-2)/tv(v+1)
Gea (Gxr) | Av-1)/rv(v+2) 2(v=2)/rv(v+2) -4 /rv(v+2) (v-4)/rv(v+2)
Sca (Sxz) viv=1)/r(v+1)(v+2)  -2v/r(v+1){v+2) 2/r(v+1)(v+2) (vi42v+3) /Ty +1)(v+2)
Reciprocals (rx,) Not applicable Not applicable Not applicable Not applicable

Table 11. Values of Txz for Method 111

Component When two observations are pertaining to
© same cross reciprocal crosses crosses with any crosses with no
one common parent common parent
Crosses (Cyz) (v2—v-l)/ rviv-1) -1/tv(v-1) ~1/rv{v-1) =1/rv(v=-1)
Gea (Gxz) 1/rv /v (v=4)/2rv(v-2) =2/rv(v=2)
Sca (Sxz) (v=3)/2r(v-1) (v-3)/2r(v-1} 3-v)/2r(v-1)(v~2) 1/r(v=-1)(v-2)
Reciprocals (rxz) 1/2r -1/2r 0 0
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var §) = [(v2+2v+2) +2 (@ )% + () /(vP-1) (-D)]o? /2rv?
var &) = [ -1+ (@i ®? +(c; ©)?)/(v*-1) -D]o? /rv?
var(f) = [1+ (@ + (¢ %) v?/2 (t-1) (vA-Dlo? /2r

The values of a’s and c's are substituted depending on the applicability of the case. Variances
of the differences between estimates can also be derived in a similar manner. The variances
of the estimates for Method 2 and Method 3 can also be obtained in a similar manner.
Moreover, they can be easily obtained by symmetry. Even for more than two missing
observations, the extension of the technique is quite simple and straight forward by
introducing one new concomitant variate for such missing observation and then using the
multiple covariance technique for analysis.
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