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Abstract - The quality of estimation of variance components depends on the design used as well as on the unknown values of
the variance components. In this article, three designs (split-plot design with the whole-plot arranged in complete randomized
design and sub-plot arranged in randomized complete block design (SPD (CRD, RCBD), split-plot design with the whole-plot
arranged in complete randomized design and the sub-plot arranged in Latin square design (SPD (CRD, LSD), and split-plot
design with the whole-plot arranged in Latin square design and sub-plot arranged in randomized complete block design (SPD
(LSD, RCBD)) for assessing gene expression in dual channel microarray were evaluated and compared. Three methods of
sample pairing (vertical loop method (design A), cross loop method (design B) and horizontal loop method (design C)) in dual
channel microarray applied on split-plot designs for obtaining variance components was used for the comparison, in order to
ascertain which method gives the minimal variance components for the effects of interest. The results showed that design A
had the least variance for comparing all the treatment effects except for the whole-plot treatment on SPD (CRD, RCBD), design
C had the least variance for comparing all the treatment effects except for the whole-plot treatment on SPD (CRD, LSD), and
design C had the least variance for comparing all the treatment effects except for the column treatment on SPD (LSD, RCBD).

Keywords - Microarray experiment, Dual channel microarray, Split plot design, Variance components.

1. Introduction

Microarray is an important tool used in measuring gene expression where different genes are arranged in arrays for
identifying genes whose level of expression changes in response to treatments [11, 17, 2]. Microarray experiments are necessary
for biologist in understanding genetic limitation, estimating high performance gene expression and gene sequences descriptions
for natural organism populations [1, 14, 5]. The dual-channel microarray or two-colour microarray is a microarray that usually
contains two different colours called cyanine 3 (green) and cyanine 5 (red) to measure the expression of genes. The dual-channel
microarray offers some unique advantage like the opportunity to compare and hybridize on the same microarray slide, two target
samples under identical washing and hybridization conditions and also, makes it possible to use analysis of variance to evaluate
the effects of each factor [4].

The dual-channel microarray experiment for testing the effects of the difference between the levels of treatments can be
performed in any experimental designs such as complete randomized design (CRD), randomized complete block design (RCBD),
Latin square design (LSD) and split-plot design (SPD). SPD is an incomplete block design in which some effects are confounded
with block but inter-block information is used to obtaining information for the confounded effects. Applying dual-channel
microarray on SPD makes confounding more complex because some important effects may be confounded with arrays. The
information between the arrays can then be use in estimating the effects that are confounded with array when there is sufficient
replication [9]. Many studies on microarrays have been carried out but not limited to the following [9, 7, 18, 6, 15]. Microarray
experiments are costly in terms of raw materials, availability of samples, time-consuming and the limited number of replications
giving rise to unreliable variance estimates, therefore special care is required when working on microarray experiments.
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[16] provided an overview of the various issues to be considered in the design of microarray experiments like; experimental
design, data preparation, image analysis, normalization, quality control and statistical inference in minimizing the effect of
unwanted variation and increasing the precision of the parameter estimates of interest. The precise estimates of the parameters
of interest can be obtained using the method of variance components estimation. VVariance components estimates the contribution
of each random effect to the variance of the dependent variable. The most important issue in estimating variance components
lies on the appropriate formulation of the model or the equivalent formulation of the variance table analysis that is forming all
the appropriate treatment combinations, [13] and also, the ability to identify the best design that can accurately evaluate gene
expression differences between treatments. [12] and [10] discussed the importance of using appropriate design to get most precise
parameter estimates in the underlying statistical model, so a well-designed experiment is an important and fundamental step in
planning a microarray experiment to assess differential expression of genes under study.

In order to ascertain the best design method that is suitable for comparing the parameter effects of interest, this paper
evaluated the variance components estimates using three methods called, vertical loop method (design A), cross loop method
(design B) and horizontal loop method (design C) associated with dual channel microarray applied on different arrangement of
SPD: SPD with the whole-plot arranged in CRD and sub-plot arranged in RCBD, SPD with the whole-plot arranged in CRD and
the sub-plot arranged in LSD, and SPD with the whole-plot arranged in LSD and sub-plot arranged in RCBD.

2. Split-Plot Designs

[3] described different ways of arranging the whole-plot and sub-plot treatments in SPD. Let the whole-plot be treatment A
and sub-plot be treatments B. For the purpose of this work, three ways of arrangement were considered: SPD with the whole-
plot arranged in CRD and sub-plot arranged in RCBD denoted by SPD (CRD, RCBD). In this design, the levels of treatment A
are randomly assigned to the whole-plot and the levels of the sub-plot treatment B are randomly assigned to the sub-plots within
each whole-plot; SPD with the whole-plot arranged in CRD and the sub-plot arranged in LSD denoted by SPD (CRD, LSD).
Here each subject say A are randomly assigned to the whole-plots, each level of the whole-plot forms the row for assigning
treatment B with the order of application forming the column; SPD with the whole-plot arranged in LSD and sub-plot arranged
in RCBD denoted by SPD (LSD, RCBD). Here, treatment A are arranged in an axa Latin square in accordance with the
randomization procedures of the LSD. In each whole-plot the levels of the B-factor are applied to the split-plots according to a
RCBD. The models for SPD (CRD, RCBD), SPD (CRD, LSD) and SPD (LSD, RCBD) are given by (1), (2) and (3) respectively.

Yig =+ a;+wi; + B+ (af)i + €k 1)
i=12.,aj=12.,rk=12.,b
Yia; = 0; Xy Br = 0, w;;~N(0,02,); &jx~N(0,02)

where, p is the mean response; «; is the effect of treatment A assigned to the whole-plot; w;; is the whole-plot error; gy is

the effect of treatment B assigned to the sub-plot;(a); is the interaction of the whole-plot and sub-plot treatments; ;. is the
sub-plot error.

Yikw =u+ai+wii +vie + B+ @By + (@y) i + iy 2

i=1,2.,aj=12.,rLk=12.,b
Yia;=0; %8 =0; Ty = 0; wij~N(0,02,); €ijxy~N(0,02)

where, p is the mean response; a; is the effect of treatment A assigned to the whole-plot; wy;is the whole-plot error; v, is
the k" order effect; B, is the effect of treatment B assigned to the sub-plot; («f8);; is the interaction between the whole-plot and
sub-plot treatments; (ay);is the interaction of treatment A and order effect; &; ;) is the sub-plot error.

Yim=utpityijtag+wje+Bi+ @i+ ()
ijk=12.,a;l=12..,b
2ipi=0; Xpa =0, 2,6 =0; ijj =0; Wij~N(0, Uuzzp); 5ijk~N(0' a2)

where, p is the mean response; p; is the i" effect of the row; y; is the j" effect of the column; a is the effect of treatment
A assigned to the whole-plot; w;j, is the whole plot error; f, is the effect of treatment B assigned to the sub-plot; (af)y, is the
interaction between the whole-plot and sub-plot treatments; ¢, is the sub-plot error.
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3. Sample Pairing on Dual Channel Microarray Experiment Applied on Split-plot Designs

Sample pairing is the arrangement of samples or the way samples are assigned in a microarray experiment. The pairing of
samples to the microarray is done in such a way that unbiased minimal variance estimates of the effects of interest are ensured,
[8]. The sample pairing was done on different arrangement of the split-plot designs; SPD (CRD, RCBD), SPD (CRD, LSD) and
SPD (LSD, RCBD) where two treatment (A & B) was considered with 2 levels each. The levels of treatment A are assigned to
the whole-plot factor while the levels of treatment B are assigned to the sub-plot within the whole-plot. For each of the Split-plot
designs, three methods of sample pairing; vertical loop (design A), cross loop (design B), and horizontal loop (design C) were
applied respectively. The samples are paired onto the levels of treatment A and B assigned to the whole-plot and sub-plot
respectively with the arrow indicating the samples paired on individual array. The arrowhead represents the sample dyed with
cy5 (red colour) and the arrow tail represents the sample dyed with cy3 (green colour). The two dyes are added to the fixed effect
of the whole-plot and sub-plot factors of the experiment giving three fixed effects and two arrays used per replicate with a total
of twelve arrays for the entire experiment. The overall design of the experiment gives design with whole-plot factor, sub-plot
factor and dyes. The assignment of treatment levels within each replication can only accommodate four treatment combinations
per replicate, therefore the design is an incomplete design with two types of replication denoted by replication type | and Il
respectively depending on the common effect of the treatment combinations and three replications within each type of replication.
The structure of the design depends on the design used for the whole-plot factor, sub-plot factor, and the assigning of the arrays
as can be seen from Figures 1 to 9. The models for dual channel microarray applied on SPD (CRD, RCBD), SPD (CRD, LSD),
and SPD (LSD, RCBD) are presented in (4), (5) and (6) respectively.

Yijkim = 0+ a; + wij + B + 0 + aj) + Eijram (4)

i=1,2,..,a(levels of whole — plot treatment A); k = 1,2, ..., b(levels of the sub — plot treatment B);

j=1,2,..,r(replication);l = 1,2, ...,p(array);m = 1, 2, ..., t(colour)

Yijotym =+ @i+ wij + Yo + B + 0 + ay(jy + €ijogymt (5)

i=1,2,..,a(levels of treatment A);j = 1,2, ...,r(replication); o = 1, 2, ..., d(levels of order);

k =1,2,..,b(levels of treatment B);m = 1,2, ..., t(colours);l = 1,2, ...p(array)

Yircjim =+ & + pr + Ve + Wirej + B + O + @iy + €ircjram  (6)

i=1,2,..,a(levels of treatment A);j = 1,2, ...,r(replication);r = 1,2, ..., m(levels of row);

c=1,2,...,n(levels of column); k = 1,2, ..., b(levels of treatment B);m = 1,2, ..., t(colour);l = 1,2, ...,p(array)
3.1. Vertical loop method (Design A) for SPD (CRD, RCBD)

The vertical loop method of sample pairing shown in Figure 1, is the pairing of samples in a vertical form within the levels
of whole-plot treatment A and across the levels of the sub-plot treatment B. The assignment of treatment combinations can only
accommodate four treatment combinations within a replicate, the remaining treatment combinations are moved to the next
replicate. Replicate with the same treatment combinations common to each other are grouped into replication type | and the
remaining treatment combinations are grouped into replication type Il. The assignment of the samples using the vertical loop

method showed the confounding between treatment A and the array, hence the model is simplified by merging the whole-plot
and the array terms in the model given in (1) to a single-term.

Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6
A A, A A, A A, A A, Aq A, As A,

B B, B, B B B B B4 B B4 = B

B> B, B> = B> B, B> B, B> B> B> B,

Fig. 1 Dual channel microarray applied on SPD (CRD, RCBD) using vertical loop method
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From Figure 1; repl, 3, and 5 belongs to rep type | with treatments combination (1, 1, G); where the first 1 represents level
1 of the whole-plot treatment, the second 1 denotes level 1 of the sub-plot treatment and G represents the colour dyed on the first
level of the whole-plot and first level of the sub-plot treatments. Others includes: (2, 1, G), (1, 2, R), and (2, 2, R); while rep 2,
4, and 6 are in replication type Il with treatments combination: (1, 1, R), (2, 1, R), (1, 2, G), and (2, 2, G). The whole plot and
array effects are confounded and the resultant model is given by (7)

Yijkim = Ham + W + @i + Eijram (7

i =1,2(levels of whole — plot treatment A); j = I,11(type of replication); m = R, G(colour)

1 =1,2 (levels of sub — plot treatment B); and k = 1, 2,3(replicate within type of replication)
such that Yym tim = 05 W + )gej~N(0, 03y +array); €ijiam~N (0, 08)

where, p;,, are the fixed effect of whole-plot treatment A, sub-plot treatment B and dye (colour); (w + a); are the
confounded random effect of the whole-plot and array; &; k., is the residual error; U(pr+array) is the variance of the confounded

effect of the whole-plot and array and ¢ is the residual variance. The analysis of variance (ANOVA\) table for design A is shown
in Table 1.

3.2. Cross loop method (Design B) for SPD (CRD, RCBD)

Cross loop method of sample pairing shown by Figure 2, is the pairing of samples in a crossed form across levels of sub-
plot treatment B and whole-plot treatment A respectively. Also, like the vertical loop method, replicate with the same treatment
combinations are grouped into replication type | and replication type Il. In addition to the subscript for denoting treatment B, a
subscript is required to indicate the different arrays. The whole-plot and the array effects have subscripts showing the replication
type each belongs to.

Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6
A1 A7 A? A1 A? A1 A? Aw A1 A?

A A,
E< F& E< p& B, /E& B, /IZIB« B, /EBW B, /E&
Eﬁ h& z{ }337 6, TE& o[ [0 5, hs, o [0

Fig. 2 Dual channel microarray applied on SPD (CRD, RCBD) using cross loop method

From Figure 2, repl, 3, and 5 belongs to replication type | with treatments combination (1, 1, R), (1, 2, R), (2, 1, G), and (2,

2, G); whilerep 2, 4,and 6 are in replication type Il with treatments combination; (1, 1, G), (1, 2, G), (2, 1, R), and (2, 2, R) and
represented with the model given by (8).

Yijkimn = Hitm + Wikj + Qjen + Eijkimn ©)

i = 1,2(levels of whole — plot treatment A);j = I,11(type of replication);l = 1,2(levels of treatment B);

m = R,G(colours);n = 1,2(array) and k = 1,2, 3(replication within type of replication)

such that Ym tim = 0; ajkn"'N(o' O-grray); (W)ikj~N(0' av%/p); gijklmn~N(0' as)

where, u;;,, are the fixed effect of treatment A, treatment B and dye colour; wy; is the random effect of the whole-plot;

@jien is the random effect of the array; &;jum» is the random effect of the residual; o4, is the variance of the array and a5, is
the variance of the whole-plot error. The ANOVA table for design B is shown in Table 2.
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3.3. Horizontal loop method (Design C) for SPD (CRD, RCBD)

Horizontal loop method of sample pairing shown by Figure 3, is the pairing done in a horizontal form within each level of
sub-plot treatment B and across the levels of whole-plot treatment A. Also like the vertical and cross loop methods, replicate with
the same treatment combinations are grouped into replication type | and replication type Il respectively. From the assignment of
the samples, the array and treatment B are confounded resulting in using a single subscript.

Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6
A A, As A A A, As A, Aq A, Aq A,

1
(SR Ee| || P e0e| | e ERe| | 3| | R | e e

SR || 3| | E@etEre| |2 e0e | e | 3=

Fig. 3 Dual channel microarray applied on SPD (CRD, RCBD) using horizontal loop method

From Figure 3, we observed that repl, 3, and 5 belongs to replication type | with treatments combination (1, 1, R), (1, 2, R),
(2,1,G),and (2, 2, G) while rep 2, rep 4, and rep 6 are in replication type Il with treatments combination; (1, 1, G), (1, 2, G), (2,
1, R), and (2, 2, R) and can be represented with the model in (9).

Yijikim = Wim + Wikj + Qi + Eijkim 9)

i = 1,2(levels of whole — plot treatment A); j = I,11(type of replication);

l =1,2(levels of sub — plot treatment B); m = R, G(colour) and k = 1, 2,3(replicate within type of replication)
such that L tim = 0; aju~N(0,0211ay); W)ikj~N(0,02,); €ijiim~N (0, 02)

where, ., are the fixed effect of treatment A, treatment B and dye (colour); wy; is the random effect of the whole-plot;
aji, is the random effect of the array; &; i, is the random effect of the residual. The ANOVA table for design C is shown in
Table 3.

Table 1. Analysis of variance table for design A on SPD (CRD, RCBD)

Source of Variation (SV) Degree of Freedon (df) Expected Mean Square (EMS)
Whole-plot (treatment A) 1 ¢ + 208y psarray) T 294
Sub-plot (treatment B) 1 2+ 2¢p
Treatment A*Treatment B 1 0l + @up
Colour (C) 1 ol +4¢.
Treatment A*ColourC 1 2+ 204
Treatment B * ColourC 1 02 + 208 p1array) T 2Psc
Treatment A* Treatment B*ColourC 1 ol + Za(zwp +array) T Pasc
Reptype*Treatment A*(Repwithin) 4 gl + Za(zwp +array)
Residual 12 a?

where, g = (=17 ) afigp=(-1D") FFiem=(@a-De-1)" ) @i
pc=m=D7)  0%iguc=(@-Dm-D)") @i ese=(G-Dm-1)") B
pasc = (@=DG-Dm-1)" )" (@B

ilm=1
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Table 2. Analysis of variance table for design B on SPD (CRD, RCBD)

SV df EMS
Whole-plot (treatment A) 1 08 + 204, + 20,
Sub-plot (treatment B) 1 9 + 295
Treatment A* Treatment B 1 02 4 20%rray + Pap
Colour(C) 1 0f + 200, + 49
Treatment A * ColourC 1 02 + 204y + 20%rray + 20ac
Treatment B * ColourC 1 02 + 20%rray + 2¢p¢
Treatment A* Treatment B * ColourC 1 02 + Qupc
Reptype*Treatment A*(Repwithin) 4 ol + 204,
Array*Reptype(Repwithin) 4 0 + 20%ray
Residue 8 al

Table 3. Analysis of variance table for design C on SPD (CRD, RCBD)

SV df EMS
Whole-plot (treatment A) 1 0Z + 200, + 20,
Sub-plot (treatment B) 1 02 + 205rray + 295
Treatment A* Treatment B 1 02+ Qup
Colour(C) 1 oZ + 200, + 4.
Treatment A * ColourC 1 02 + 200y + 20%ray + 20ac
Treatment B * ColourC 1 02 + 2¢pc
Treatment A* Treatment B *ColourC 1 o2+ Za,frmy + @apc
Reptype*TrtA*Colour (Repwithin) 4 oz + 204,
Array*TrtB*Reptype(Repwithin) 4 02 + 205rray
Residual 8 a?

3.4. Vertical Loop Method (Design A) for SPD (CRD, LSD)
The vertical loop method of sample pairing is the pairing of samples in a vertical form within the levels of the sub-plot

treatment B and across the levels of the whole-plot treatment A. Only four treatment combinations are accommodated in each

replicate. From assignment of the samples, a single subscript is needed unlike design B that needs another subscript to denote

the array.

Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6

Order Order Order Order Order Order

1

1 1 2 1 2 1 2 1 2
Al Al WM O] [s@ @] M0 Sl Mm@

2
1 B B B, B, B; B: B4 B: B B, B,
v

m

Azl_‘_'—l Azl__—l I__—l AzBl_‘_'—l Bl_‘_'—l Azl__—l |__—| Az!;_V—I |_‘_'—| AZL__—I Bl__—l
2 2 2 B, 2 2

5 B, B, B, B, B,

vs]

Fig. 4 Dual channel microarray applied on SPD (CRD, LSD) using vertical loop method

From Figure 4; repl, 3, and 5 belongs to replication type | with treatments combination [1, 1(1), G]; where the first 1
represents level 1 of the whole-plot treatment, the second 1 denotes level 1 of the sub-plot treatment with the first level of order
nested on the sub-plot, and G represents the colour dyed on the level 1 of the whole-plot and level 1of order nested on first level
of the sub-plot treatments. Others includes: [1, 2(2), G], [2, 2(1), R], and [2, 1(2), R] while rep 2, 4, and 6 are in replication type
Il with treatments combination; [1, 1(1), R], [1, 2(2), R], [2, 2(1), G], and [2, 1(2), G] and is represented with the model given in
(10).

Yijkowym = Uioym + Wikj + Qroy T+ Eijroq) (10)
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i =1,2(levels of whole — plot treatment A); j = 1,11(type of replication); o = 1,2(order ef fect);l =
1, 2(levels of the sub — plot treatment B); m = R, G(colour)and k = 1,2, 3(replicate within type of replication)
where, u;,)m are the fixed effect of treatment A, order (0) nested on treatment B, and dye colour; wy ; are the random effect of
the whole-plot error; a;,, ;) are the random effect of the array; €;j(;) is the random effect of the residual. The ANOVA table
for design A is shown in Table 4.

3.5. Cross loop method (Design B) for SPD (CRD, LSD)
The cross loop method of sample pairing is the pairing of samples in a cross form within the levels of treatment B at the sub-
plot and across the levels of treatment A at the whole-plot. From the assignment of the samples and in addition to the subscript

for denoting order nested on treatment B, a subscript is required to indicate the different arrays

Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6
Order Order Order Order Order
L Order 1 2 1 2 1 2 1 2 1 2
Al E ; Ay \ Z Ay E Z Ay S Z Al E i Ay S Z
B, >< B B; >< B: B; >< B, B, >< B1 B; By By >< B,
A N WE MW S WE ST Sl W E
B, B B, B, B, B, B, B. B, B, B, B,

Fig. 5 Dual channel microarray applied on SPD (CRD, LSD) using cross loop method

From Figure 5; repl, 3, and 5 belongs to replication type | with treatments combination [1, 1(1), R]; where the first 1
represents level 1 of the whole-plot treatment, the second 1 denotes level 1 of the sub-plot treatment with the first level of order
nested on the sub-plot, and R represents the colour dyed on the level 1 of the whole-plot and level 1of order nested on first level
of the sub-plot treatments. Others includes: [1, 2(2), R], [2, 2(1), G], and [2, 1(2), G] while rep 2, 4, and 6 are in replication type
Il with treatments combination; [1, 1(1), G], [1, 2(2), G], [2, 2(1), R], and [2, 1(2), R] and is represented with the model given in
(12).

Yiikowymn = tioym T Wikj + Qjkn + Eijko@ymn (11)

i =1,2(levels of whole — plot treatment A);j = I,11(type of replication); o = 1,2(order ef fect);

l =1,2(levels of sub — plot treatmentB); m = R, G(colour);n = 1,2(array) and
k =1,2,3(replicate within type of replication)

where, w;o(ym are the fixed effect of treatment A, order (0) nested on treatment B, and dye colour; w,; are the random effect
of the whole-plot error; a;,, are the random effect of the array; €;xo)mn IS the random effect of the residual. The ANOVA table
for design B is shown in Table 5.

3.6. Horizontal loop method (Design C) for SPD (CRD, LSD)

Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6

Order Order Order Order Order Order
1 2 1 2 1 2 1 2 1 2 1 2
Ay E ; Ay S Z Ay E 2 Aq E Z A E i A4 S Z
Bl >< 81 Bl >< B Bl >< B1 B1 >< Bl Bl Bl Bl >< Bl
A D WET ] W S W D W Ol W
B, B> B, B> B, B, B, B, B, B, B, B,

Fig. 6 Dual channel microarray applied on SPD (CRD, LSD) using horizontal loop method
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The vertical loop method of sample pairing is the pairing of samples in a horizontal form within the levels of treatment A
and across the levels of the sub-plot treatment B. The assignment of the samples using the vertical loop method showed the
confounding between treatment A and the array, hence the model is simplified by merging the whole-plot and the array terms in
the model given in (9) to a single term.

From Figure 6; repl, 3, and 5 belongs to replication type | with treatments combination [1, 1(1), R]; where the first 1
represents level 1 of the whole-plot treatment, the second 1 denotes level 1 of the sub-plot treatment with the first level of order
nested on the sub-plot, and R represents the colour dyed on the level 1 of the whole-plot and level 1of order nested on first level
of the sub-plot treatments. Others includes: [1, 2(2), G], [2, 2(1), G], and [2, 1(2), R] while rep 2, 4, and 6 are in replication type
Il with treatments combination; [1, 1(1), G], [1, 2(2), R], [2, 2(1), R], and [2, 1(2), G]. The whole-plot effect and array effect are
confounded and is represented with the model given in (12).

Yijko(l)m = Hio(O)m + (W + a)ikj + Eijko()m (12)
i = 1,2(levels of whole — plot treatment A); j = I,11(type of replication); m = R, G(coour);
k = 1,2,3(replicate within type of replication);o = 1,2(order ef fect);l = 1,2(levels of sub — plot treatment B)

where, u;,)m are the fixed effect of treatment A, order (o) nested on treatment B, and dye colour; (w + a);;are the
confounded random effect of the whole-plot error and the array; &;x,)mis the random effect of the residual. The ANOVA table
for design C is shown in Table 6.

Table 4. Analysis of variance table for design A on SPD (CRD, LSD)

SV df EMS
Treatment A 1 07 + 200, + 49,
Treatment B 1 02 + 205rray + 495
Treatment A *Treatment B 1 2+ 2045
Order(O) 1 al + 49,
Treatment A * Order 1 02+ 205, + 2040
Colour(C) 1 0f + 204, + 69
Treatment A * Colour 1 07 + 200, + 20%ray + 49ac
Treatment B *Colour 1 ol + 4¢pc
Treatment A *Treatment B * Colour 1 02 4 205rray + 2Qapc
Order * Colour 1 02 + 204rray + 490c
Treatment A *Order *Colour 1 0Z + 200, + 20214y + 20a0c
Reptype*TreatmentA*Colour(Repwithin) 4 of + 204,
Array*Treatment B*Reptype(Repwithin) 4 07 + 202 ray
Residual 4 a?

2 2 -1 \(?
where,p = (@=D7 ) afiop=0-D7")  Fieowm=(@-DG-D)") @B
0o=(b-D") ¥ pao=(@-D0-D)") @hieic=(@-Dm-1)") (@

pc=m=D")  0%igec=(b-Dm-1)" ) (BOhn;

2

Pasc=(@=DG =D =1)" )" @0)ni oc=(G-Dm=1)" ) ¥0%m;

om=
2

Paoc = (@=DB-Dm=1)" " (@O

iom=1
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Table 5. Analysis of variance table for design B on SPD (CRD, LSD)

SV df EMS
Treatment A 1 07 + 200, + 49,
Treatment B ol + 4¢g
Treatment A *Treatment B 02 4 20%ray + 245
Order(0) aZ + 49,
Treatment A * Order 02 4 205rray + 240
Colour(C) 0Z + 204, + 69,

02 + 204, + 202 ray + 40ac
6(52 + Zo_a%rray + 4‘(pBC
9 + 29 apc
6(52 + Zo_a%rray + 4‘(pOC

Treatment A * Colour
Treatment B *Colour
Treatment A *Treatment B * Colour
Order * Colour
Treatment A *Order *Colour
Reptype *Treatment A*(Repwithin)
Array*Reptype(Repwithin)
Residual

0-92 + Zo-vzvp + Zo-(%rray + 2(pA0C
of + 204,

2 2
g + 2O'array
ag

N N N N N N e

Table 6. Analysis of variance table for design C on SPD (CRD, LSD)

SV df EMS
Treatment A 1 9 + 49,
Treatment B 1 9 +4¢p
Treatment A *Treatment B 1 0242045
Order(0) 1 aZ + 49,
Treatment A * Order 1 2+ 2040
Colour(C) 1 9 + 6¢¢
Treatment A * Colour 1 02+ 49ac
Treatment B *Colour 1 02 + 200y varray) T 4Pnc
Treatment A *Treatment B * Colour 1 ol + Za(zwpmrmy) + 2045c
Order * Colour 1 0¢ +49oc
Treatment A *Order *Colour 1 62+ 2Q40c
Reptype *Treatment A*(Repwithin) 4 02 + 200prarray)
Residual 8 a?

3.7. Vertical loop method (Design A) for SPD (LSD, RCBD)

The vertical loop method of sample pairing is the pairing of samples in a vertical form between each level of the sub-plot
treatment B within the levels of the whole-plot treatment A. Only four treatment combinations are accommodated in each
replicate.

Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6
Column Column Column Column Column Column
1 2 1 2 1 2 1 2 1 2 1 2
1 1 A A 1 1| A A 1 11| A A
- B, B; B, B, - B B B, B4 o B, B, B, B
(V]
§ D% A AL o %Al Al o §A1 Ay g_ (%Al A o %Al A ‘g_ ;Al A
@ & (o x| x|z ele
2| BY Y ||| R|E! B, 2| 8Y BY 2|lB B, 2| Y BY 2|8 1]
A, A, A, A, Az Az A, A, A, A, A, A,

Fig. 7 Dual channel microarray applied on SPD (LSD, RCBD) using vertical loop method
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From Figure 7; repl, 3, and 5 belongs to replication type | with treatments combination (1, 1, 1, 1, G); where the first 1
represents level 1 of the whole-plot treatment, the second 1 denotes level 1 of the row, the third 1 denotes level 1of column
,the fourth 1 denotes level 1of the sub-plot treatment, and G represents the colour dyed on the level 1 of the sub-plot within level
1 of row and column on the first level of whole-plot treatments. Others includes: (2, 1,2 ,2,G), (2,2, 1,1, R),and (1, 2,2, 2, R)
while rep 2, 4, and 6 are in replication type Il with treatments combination: (1, 1,1, 1,R), (2,1,2,2,R), (2, 2,1, 1, G), and (1,
2,2, 2,G) and is represented with the model given in (13)

Yircjklm = Hircim + Wirckj + ajkl + gircjklm (13)
i =1,2(levels of whole — plot treatment A); j = I,11(type of replication);r = 1,2(row ef fect);

¢ =1,2(column effect);l = 1,2(levels of sub — plot treatmentB); m = R, G(colour);
k = 1,2,3(replicate within type of replication)

where, p;rcim are the fixed of treatment A, row effect, column effect, treatment B, and dye colour; w;,..y; is the random effect

of the whole-plot; aj,, is the random effect of the array; &;.cjxun is the random effect of the residual. The ANOVA table for
design A is shown in Table 7.

3.8. Cross loop method (Design B) for SPD (LSD, RCBD)

The vertical loop method of sample pairing is the pairing of samples in a cross form within the levels of the sub-plot treatment
B and across the levels of the whole-plot treatment A. From the assignment of the samples and in addition to the subscript for
denoting treatment B, a subscript is required to indicate the different arrays.

Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6

Column Column Column Column Colimn Column
1 2 1 2 2 1 1 2 1 2

1 2
1| [ « 1 1w 1 1 1
By By B, B B, B, B, B, B, B, By B.
A XAl Al Ay 2A; ><A1 zA; Al
o o) o
4 o

A4 B3] k[ (e3]] LIEA! el LIl (el LIl el EIeF] (e
Az A2

Rep 1

Row
Rep 2
Row
>

>

Rep 3
Row
Rep 4
Rep 5

Rep 6

Az A, A, Az Az A,

AZ AZ Az Az
Fig. 8 Dual channel microarray applied on SPD (LSD, RCBD) using cross loop method

From Figure 8; repl, 3, and 5 belongs to replication type | with treatments combination (1, 1, 1, 1, R); where the first 1
represents level 1 of the whole-plot treatment, the second 1 denotes level 1 of the row, the third 1 denotes level 1lof column
,the fourth 1 denotes level 1of the sub-plot treatment, and R represents the colour dyed on the level 1 of the sub-plot within level
1 of row and column on the first level of whole-plot treatments. Others includes: (2, 2,1,1,G), (1,2,2,2,G),and (2, 1, 2, 2,
R); while rep 2, 4,and 6 are in replication type Il with treatments combination: (1, 1,1,1,G), (2,1,2,2,G), (2,2,1, 1,R), and
(1,2,2,2,R) and is represented with the model given in (14)

Yircjklmn = Hircim + Wirckj + ajkn + gircjklmn (14)

i = 1,2(levels of whole — plot treatment A);l = 1, 2(levels of sub — plot treatmentB);

m = R,G(colour);r = 1,2(row ef fect); c = 1,2(column ef fect); j = I,1I(type of replication);

k =1,2,3(replicate within type of replication)

where, p;r.m are the fixed of treatment A, row effect, column effect, treatment B, and dye colour; w;,.y; is the random effect

of the whole-plot; aj,,is the random effect of the array; &;,¢jximy is the random effect of the residual. The ANOVA table for

design B is shown in Table 8.

3.9. Horizontal loop method (Design C) for SPD (LSD, RBCD)

The vertical loop method of sample pairing is the pairing of samples in a horizontal form to the levels of the sub-plot
treatment B within the levels of the whole-plot treatment A.
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Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6
Column Column Column Column Column Column
1 2 1 2 1 2 1 1 2 1 2
U LB || R || | | bl ||| b b |
- s B, B, B, B, o B, B, B, B; o B, B, B: B,
28 A Ay S =A A alzA A T =A A alzA A Ol A A
£ 8|é g 8|8 2|8 EE
d n | - > » d
2| B !l‘ 2| |B: B 2| 6% B 2|8 528 2| |B% B> 2 | |B B
AZ AZ Az Az AZ AZ AZ Az Az Az AZ AZ

Fig. 9 Dual channel microarray applied on SPD (LSD, RCBD) using horizontal loop method

From the construction of this design; repl, 3, and 5 belongs to replication type | with treatments combination (1, 1, 1, 1, R);
where the first 1 represents level 1 of the whole-plot treatment, the second 1 denotes level 1 of the row, the third 1 denotes
level 1of column ,the fourth 1 denotes level 1of the sub-plot treatment, and R represents the colour dyed on the level 1 of the
sub-plot within level 1 of row and column on the first level of whole-plot treatments. Others includes: (2, 2,1, 1, R), (1, 2, 2, 2,
G),and (2,1, 2, 2, G); while rep 2, 4,and 6 are in replication type Il with treatments combination: (1, 1, 1, 1, G), (2, 1, 2,2, R),
(2,2,1,1,G),and (1, 2, 2, 2, R) and is represented with the model given in (15)

Yircikim = Hircim + Wirckj + Qir + Eircjkim (15)

i =1,2(levels of whole — plot treatment A); j = I,11(type of replication);r = 1,2(row ef fect);
¢ =1,2(column effect);l = 1,2(levels of sub — plot treatmentB); m = R, G(colour);
k = 1,2,3(replicate within type of replication)

where, p;ri1m are the fixed of treatment A, row effect, column effect, treatment B, and dye colour; w;,. ;is the random effect
of the whole-plot; aj, is the random effect of the array; &;.jximis the random effect of the residual. The ANOVA table for
design C is shown in Table 9.

2 2 2
where, pp = (r — 1)‘12 1Pr2;90c =(c- 1)‘12 1)/3;% =(a- 1)_12_ 1“5;903 =(
r= c= i=

o= (@=D0-D)" ) @i per=m=D") i prox = (= Dm-1)" ).

Table 7. Analysis of variance table for design A on SPD (LSD, RCBD)
SV df EMS
Row 1 07 + 200, + 40p
Column 1 07 + 200, + 49
Treatment A 1 02 + 200, + 49,
Treatment B 1 02 + 205ray + 405
Treatment A *Treatment B 1 0242045
Colour(C) 1 a2 + 6¢cx
Row * Colour 1 0Z + 200, + 4Prer
Column * Colour 1 02 + 200, + 20%ray + 40ccr
Treatment A * Colour 1 02 + 200, + 20%ray + 20 ack
Treatment B *Colour 1 02+4Qpcr
Treatment A *Treatment B * Colour 1 02 + 20%ray + 2Papcr
Row *Column *TreatmentA*(Reptype) 4 ol + 204,
Treatment B *Array*Rep(Reptype) 4 02 + 20%ray
Residual 4 o2
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2 2

(]/Q)gm y Pacr = ((a - D(m— 1))_1 Z (aﬁ)?m;

im=1

Pccr = ((C - 1D(m - 1))_12
. ) cm=1 . ,
Ppcr = ((b —1D(m— 1)) Zz =1(ﬁ9)12m; Papcr = ((a - -1(m - 1)) Z,l =1(aﬁ9)i21m

Table 8. Analysis of variance table for design B on SPD (LSD, RCBD)

SV df EMS
Row 1 of + 205, + 4@g
Column 1 o + 205, + 4o,
Treatment A 1 0Z + 205, + 49,
Treatment B 1 a2+ 49,
Treatment A *Treatment B 1 02 4 20%ray + 245
Colour(C) 1 a2 + 6@
Row * Colour 1 0Z + 207, + 4Qrer
Column * Colour 1 0Z + 205, + 4@ccr
Treatment A * Colour 1 07 + 200, + 202 ray + 2@ ack
Treatment B *Colour 1 024205 ray + 4Ppcr
Treatment A *Treatment B * Colour 1 02 + 20450k
Row *Column *TreatmentA*(Reptype) 4 oZ + 204,
Array*Rep(Reptype) 4 02 + 20%rray
Residual 4 a?

Table 9. Analysis of variance table for design C on SPD (LSD, RCBD)

SV df EMS
Row 1 0z + 204, + 4¢g
Column 1 of + 204, + 4.
Treatment A 1 0 + 204, + 49,
Treatment B 1 al +4¢p
Treatment A *Treatment B 1 o2+2¢4p
Colour(C) 1 oZ + 204, + 69cr
Row * Colour 1 0Z + 205, + 20%ray + 2Qrer
Column * Colour 1 0Z + 200, + 49ccr
Treatment A * Colour 1 02 + 204, + 20%ray + 20 acr
Treatment B *Colour 1 02 + 205, + 20%ray + 49Qpcr
Treatment A *Treatment B * Colour 1 0Z + 200, + 20%ray + 20 apcr
Row *Column *TreatmentA*(Reptype) 4 of + 204,
Treatment B*Array*Rep(Reptype) 4 02 + 202 1qy
Residual 4 a?

4. Estimation of Variance Components

In order to obtain the expected variance components for each design, the models are obtained for each treatment
combinations in the k™ replicate of Type | and Type 11 based on the model defined. Each treatment combination is given in form
of a model for each replication type, from the models for each treatment combinations, the treatment effects and their expected
variances components were derived and computed for each design.

4.1. Models observations for the treatment combinations for design A on SPD (CRD, RCBD)

From the model defined for design A given in (7), Table 10 was computed from the four treatment combinations in each rep
type. Each treatment combination is given in form of a model for each replication type, indicating the levels of the whole-plot,
sub-plot, and colour.
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Table 10. The observations of the models for the k replicate of type | and type 11 replication of vertical loop method (design A)

Yp

2

Yirkic = b1 + W + @ 1pr + E11x1c

Yirkzr = tazr + (W + @ 1xr + E2101r

Yarkic = Ma1c + W + @)2p + E21x16

Yaikor = Mazr + (W + @oks + E212r

Yinkir = Mg + W + @1 + E111xar

Yiikze = tiz¢ + W + @1k + 11126

Replication type
Rep type | Ya,
Ya,
Reptypell Y,
Ya,

Yarkir = tzir + W + Qoprr + 211018

Yaukzc = 226 + W + @zpr + 211126

where, Y, , Yy, Yp,, and Yg, represents first and second levels of treatments A and B respectively.

The same procedures used were also applied in estimating the treatments effects for design B and design C. The summary

of results obtained for rep types | and Il are shown in Tables 13.

Table 11. The observations of the models for the k replicate of type | and type |1 replication of cross loop method (design B)

Replication type

Yp

1

Yp

2

Rep type | Y,

1

Vigeirr = Ha1r + Wigg + Qier + Evgiare

Yiikorz = Hazr + Wi + Quiz + €1ik2r2

YA 2

Yaorkigz = M216 + Warr + Qkr + E21x162

York2g1 = Mazr + Wakr + Q1 + E21k261

Rep type Il Yy,

Yinkier = P11 + Wi + Qi + €1k

Yink2gz = 26 + Wik + Qi + €1nikz62

Yy

2

Yaorkirz = Ma1r + Worn + Qukz + E211k1R2

Yaorkzrt = Maz2r + Warn + Qs + E211k2r1

Table 12. The observation of the models for the k replicate of type | and I replication of horizontal loop method (design C)

Replication type

Yp

1

Yp

2

Rep type | Yy, Yitkir = Mg + Wikg + Qe + E1gk1re Yitkzr = Mazr + Wi + Qe + €11i2r
Ya, Yarkic = a1 + Warr + Qir + €21116 Yaikze = Moz + Warr + Az + €21126
Rep typell Y, Yiikie = taiie + Wik + Qi + e Yiikoe = Haze + Wikt + Qi + €k
Ya, Yaorkir = M21r + Warnr + Qukr + 21101 Yarkar = Ma2r + Wokn + Qi + €21112r
Table 13. Summary of the expected variance components for the treatment effects based on vertical, cross and horizontal loop methods for SPD
(CRD, RCBD)
Treatment effects Expected variance for the treatment effects
DESIGN A DESIGN B DESIGN C
YA1“ - YAZII [Za(zwp+array) + 0-92]/2]{ [20-"12/p + o-ez]/Zk [Za‘f/p + 0-32]/2]c
Y., — Vep,e [021/2k [021/2k (20214, + 02]/2k
?"CR - ?“CG [021/2k (203, + 02]/2k (204, + 02]/2k

YA1B1’ — YA231'

[J(pr+array) + O-ez]/k

[o-(zwp) + Uc%rray + O-ez]/k

[a(zwp) + 204y + 02| /k

YA1BZ’ — YAsz'

[J(pr+array) + O-ez]/k

[O-(zwp) + O-z%rray + Uzzz]/k

[a(zwp) + 205y + aez] /k

YAlBl' — YA132'

[01/k

[O'grray + o'ez]/k

[O'zgrray + 0'e2]/k

YAzBl' — YAsz'

[01/k

[O'grray + o'ez]/k

[O'zgrray + 0'e2]/k

4.2. Models observations for the treatment combinations for design A on SPD (CRD, LSD)

From the model defined for design A given in (10), Table 14 was computed from the four treatment combinations in each

rep type.

Table 14. The observations of the models for the k replicate of type | and type Il replication of vertical loop method (design A)

Replication type Yp, Ys,

Rep type | YA1 Yimiwe = P16 + Wikt + iy + E1mvive Yim22)6 = B122)¢ + Wikt + Qikz22) + €11k2(2)6
YAz Yai2cor = B22c)r + Wair + Q2 + E2102(0R Yami2r = B212)r + Wair + Qik12) + E216120r

Rep type I YA1 Yimawr = P11a@r ¥ Wik + Qe + E1neacor Yink2z)r = B12@)r + Wik + Quikz2) + €112 2)r
YAz Yaukzcye = Bzzc)6 + Wk + Qi) + E211k2(1)6 Yauki2)¢ = M212)6 + Waknr + Qrikaz) + E211112)6
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The same procedures used were also applied in estimating the treatments effects for design B and design C. The summary
of results obtained for rep types | and 11 are shown in Table 17.

Table 15. The observations of the models for the k replicate of type | and type Il replication of cross loop method (design B)

Replication type Ys, Y5,

Rep type | YA1 Yikir1 = B11(or + Wikt + Qi + Evki(r1 Yimz@rz = B12@2)r + Wik + Qi + E1nr22)R2
Ya, Yane@ye1 = M2z2(106 + Wakr + @ra + €21k2(1)61 Yaniyez = 21206 + Wakr + @iz + €2101(2)62

Rep type Il Ya, Yimwer = Buie + Wik + @ + E1nkaye1 Yiie@)6z = R122)6 + Wikn + Qe + E21112(2)62
YAz Youkzr1 = M22¢)R + Wkt + @ik + E21102(10)R1 Youri2)rz = H212)R T W2kt + @iz + E211k12)R2

Table 16. The observation of the models for the k replicate of type I and 11 replication of horizontal loop method (design C)

Replication type Yg, Y5,

Rep type | Yy, Yinawr = Miiwr + W+ D 1pr + E1na)r Yine@e = tz6 + W+ @1xr + E1ii22)6
YAz Yanzaye = Hazaye + W + @2p1 + E2102(106 Yoni)r = H212)r T (W + @i + E21012)R

Rep type 11 YAl Yiname = P1ie + W+ @1 + 1116 Yine@r = Mz@r + W+ @ 1pnr + €11n22)r
Y;lz Yarkzar = H22cyr + W+ @2pnr + €2111200)R Yana@e = 21206 + W + @z + 21101206

Table 17. Summary of the variance estimated for the treatment effects based on vertical, cross and horizontal loop methods for SPD (CRD, LSD)
Estimated variance for the treatment effects

Treatment effects

DESIGN A DESIGN B DESIGN C
Yajeee = Yayeee | [203, + 02iray + 02]/3k [203, +a2]/3k [20¢up+array) + 021/3k
Y.pee =Yoo [0&rray + 02]/3k (20 ray + 02]/3k [021/3k
Yet,e = Yeuo,e [02rray + 02]/3k [021/3k [021/3k
Yeecg = Yeurcy | [200p + 0liray + 02]/3k (205, + 02]/3k [021/3k

YA1B1" - YA2B100

[a‘f,p + 0frray + crez]/Zk

[J‘f,p + 20%rray + aez]/Zk

[U(pr+array) + aez]/Zk

YA1B2" - YAszoo

[a,f,p + 0frray + oez]/Zk

[a,f,p + 205 ray + o*ez]/Zk

[O-(pr+array) + O'ez]/Zk

YAlBl.. - YAleaa

[O'tfrray + 0122]/2k

[o'grray + o'ez]/Zk

[081/2k

YAZBl.. - YAZBZII

[o-c%rray + Uez]/Zk

[O-c%rray + O-ez]/Zk

[081/2k

4.3. Models observations for the treatment combinations for SPD (LSD, RCBD) design A

From the model defined for design A given in (13), Table 18 was computed from the four treatment combinations in each

rep type.

The same procedures used were also applied in estimating the treatments effects for design B and design C. The summary

of results obtained for rep types I and Il are shown in Table 21.

Table 18. The observations of the models for the k replicate of type | and type 11 replication of vertical loop method (design A)

Replication type

Yp

1

Yp

2

REPTYPEI Y,

Yi11mr = P1111r + Wit + Qg
+ €1111k1R

Y 122126 = 12226 + Wi22k1 + Qi
+ €1221k2¢

Y,

2

Yo211k1r = B2211r + Wa21ka + Qi
+ €2211Kk1R

Yo121026 = M21226 + War2kr + Qpiz
+ £2121126

REP TYPE Il Y,

Yi11kie = Pa1116 Witk + Qi
+ €11111K16

Y2212 = B1222R T Waz2ia1 + Qiiaa
+ €12211K2R

Y,

2

Yoo1mk16 = M22116 + Waz21kir + Ak
+ &22111K16

Yo121k2r = B2122R + Wa212i11 + Qi
+ £21211k2R
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Table 19. The observations of the models for the k replicate of type | and type Il replication of cross loop method (design B)

Replication type

Yp

1

Yp

2

REPTYPEI Y,

1

Yi11mkir1 = B1111r + Witk + @
+ €1111k1R1

Y 2210261 = Ma2226 + Wi22k1 + Qi
+ €1221k261

Y,

2

Y1162 = M22116 + W21k + Q2
+ £2211k162

Ya12102r2 = H21228 + Wa1200 + Qi
+ €2121k2R2

REP TYPEII Y,

Yiiumer = f11116 + Wirkar + Qg
+ €11111k161

Yi221k2r1 = Ba222r + Wazz2kir + Qi
+ €12211k2R1

Y,

2

Yo21mmkirz = B2211r + Wa21kar + Qi
+ £22111K1R2

Yo121m262 = B21226 + Wa1zkir + Qi
+ £21211Kk262

Table 20. The observation of the models for the k replicate of type I and 11 replication of horizontal loop method (design C)

Replication type

Yp

1

Yp

2

REPTYPEI Y,

Yitukr = P1111r + Witk + Qe + E1111kar

Yi221026 = M12226 + Wi22k1 + iz + E1221026

Ya,

Yo21mkar = B2211r T Wazikr + Q2 + €2211k1R

Yo12126 = M21226 + Wa12kr + A1 + E2121126

REPTYPEI Y,

Yi1umie = 11116 + Wik + Qi
+ €11111K16

Yi221112r = Ba222r + Wi22011 + Q2
+ €12211Kk2R

Y,

2

Yoo1mk16 = 22116 T W21k + Ak
+ €22111K16

Yo121m2r = H2122R + Wa12kn + Qi
+ €21211k2R

Table 21. Summary of the variance estimated for the treatment effects based on vertical, cross and horizontal loop methods for SPD (LSD, RCBD)

Treatment effects

Estimated variance for the treatment effects

DESIGN A

DESIGN B

DESIGN C

~

Aloooo - YAZIIII

[J,},p + 03]/4k

[cr‘f,p + 204rray + O'ez] /4k

[a‘f,p + 03]/4k

[a‘f,p + 208 ray + 63]/4k

[cf‘f,p + 02|/4k

[a‘f,p + 03]/4k

[a,f,p + 03]/4k

[a‘f,p + 03]/4k

[a‘f,p + 208 ray + 63]/4k

]
[a‘f,,, + 03]/41(
[cf‘f,p +02]/4k

[cf‘f,p + 205rrqy + a2]/4k

?'31"' - 7.32...
7..131.. - 7..132..
Voorcrs — Vorncrs
?"”CR - ?““CG

[J‘f,p + 63]/4k

[62, + 02]/4k

[0, + 02]/4k

YA131... - YA231...

[62, + 2024y + 02]/3k

[J‘f,p + Ofrray + a?]/3k

[amz,p + Ogrray + o?|/3k

YA132... - YAsz'"

[a‘f,p + 208 ray + 63]/3k

[J‘f,p + Ofrray + a?]/3k

[amz,p + Ogrray + o?|/3k

YA131... - YA132...

[Ogrray + o-ez]/3k

[o-c%rray + Uez]/3k

[Ugrray + 03]/315

YA231... - YAsz'"

[agrray + 0(32]/3k

[O'grray + 0-‘32]/3](

[O'zgrray + 0.62]/3k

Comparing based on SPD (CRD, RCBD); the difference between the levels of the whole-plot treatment A:design A gave
(208, p+array) + 02]/2k while design B and C gave [20.2, + 02]/2k. The difference between the levels of the sub-plot
treatment B: designs A and B gave [02]/2k while design C gave [Zocfrmy + 062]/2k. And comparing the difference between
the levels of color design A gave [62]/2k while design B and design C gave [Za‘f,p + 62]/2k. This implies that design A had

the least variance for comparing all the parameters of interest except the whole-plot effect comparison and considered as the
best pairing method in SPD (CRD, RCBD).

Comparing based on SPD (CRD, LSD); the difference between the levels of the whole-plot treatment A:design A gave
[202, + 0%ray + 02]/3k, design B gave [202, + 0Z|/3k while design C gave [20,,4rray) + 02]/3k. The difference
between the levels of the sub-plot treatment B: designs A gave [62,,q, + 62]/3k, B gave 2024y + 02]/3k while design C
gave [02]/3k. Comparing the difference between the levels of order: Design B and C gave [02]/3k while design A gave
[62+ay + 02]/3k . And comparing the difference between the levels of color design A gave [202, + 624y + 02]/3k , design
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B gave [Zo‘f,p + 02]/3k while design C gave [02]/3k. This implies that design C had the least variance for comparing all the
parameters of interest except the whole-plot effect comparison in SPD (CRD, LSD).

Comparing based on SPD (LSD, RCBD); the difference between the levels of the whole-plot treatment A:design A and C
gave [a2, + 02]/4k, while design B gave [6.2, + 2024y + 02]/4k. The difference between the levels of the sub-plot treatment
B: designs A gave [02, + 2024, + 02]/4k while design B and C gave [02, + 62]/4k. Comparing the difference between the
levels of row: Design A, B and C gave [avzvp + 03]/4k. And comparing the difference between the levels of column design A
and C gave [0, + 20,4, + 02]/4k while design B gave [02, + 62]/4k. Comparing the difference between the levels of
colour: design A,Band C gave[a‘f,p + 03]/4k. This implies that design C had the least variance for comparing all the parameters

of interest except the column effect comparison and considered as the best pairing method in dual channel microarray applied on
SPD (LSD, RCBD).

5. Conclusion

The purpose of this work was to evaluate and compare three methods of sample pairing via variance components estimates
for the effects of interest in dual channel microarray applied on SPD (CRD, RCBD), SPD (CRD, LSD), and SPD (LSD, RCBD)
in order to verify which method gave the least minimal variance for the treatment effects comparison. Three methods of sample
pairing: vertical loop method, cross loop method and horizontal loop method were used. The estimated expected variance
components showed that design A had the least variance for comparing all the treatment effects except for the whole-plot
treatment on SPD (CRD, RCBD), design C had the least variance for comparing all the treatment effects except for the whole-
plot treatment on SPD (CRD, LSD), and design C had the least variance for comparing all the treatment effects except for the
column treatment on SPD (LSD, RCBD). Therefore, we conclude and recommend vertical loop method, horizontal loop method
and horizontal loop method when performing microarray experiment on dual channel microarray applied on SPD (CRD, RCBD),
SPD (CRD, LSD), and SPD (LSD, RCBD) respectively since this method gave the best precision for comparing different
treatment effects.
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