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“Statistical procedure and experimental design

are only iwo different aspects of the same whole,
and that whole comprises all the logical
requirements of the complete process of adding
to natural knowledge by experimentation”

-Fisher 1935

“It is possible, and indeed it is all too frequent,

for an experiment to be so conducted that no
valid estimate of error is available”

-Fisher 1935
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“A well—designed experiment will usually allow
its conclusions to be easily obtained, wheras
no computations, however industriously or
ingeneously p rformed, can produce entirely
satisfactcry conclusions from an ill-designed
one.

Considerable tact is needed in discussion of

these matters.”

Finney 1953




The “design” of an experiment is

1. the set of treatments selected for
comparison

2. the specification of the units to which the
treatments will be applied

3. the rules by which the treatments are
allocated to the experimental units

4. the specification ofthe measurements to be
made.
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‘A simple ANOVA model includes only the factor main effects and the effects of interest,

variety X gene:
_ Yijkg =+ Ai + D; + Vi + G, + (VG)ig + €ijkg- (4.1)
A more plausible model accounts for spot-to-spot variation by including array x gene effects:
Yijkg = M+ Ai + Dj + Vi + Gy + (VG)rg + (AG)s5 + €ijig. (4.2)
Another possibility is to further account for genes interacting S_:Ur dyes:
Yijkg = M _..__- Ai+ Dj+ Vi + Gy + (VG)iyg + (AG)ig + (DG) g + €ijkq. (4.3)

We assume that there is independent, additive error €ijkg ~ F', where F' is a distribution

with mean 0 and var ance o2.
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“eiren | Reference Loop

df df
AD, T | 2K-1 2K-1
G N-1 N-1 -

TG K(N-1) (K-1)(N-1)
AG | (K-1)(N-1) (K-1)(N-1)
residual 0 N-1

‘total 2KN-1 2KN-1

ANOVA table for designs with
K arrays and N genes.
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“One characteristic common to all biological

material is that it varies.”

-Finney 1953

“If I had to replicate my experiments, I could

only do half as much”

-Botstein 1999




Synteni Data Analysis

Latin Square Design

Array
Dye 1 2
Red Liver Muscle
Green | Muscle  Liver

‘Analysis of Variance

Source df SS MS
Array 1  92.34 9234

Dye 1 0.74 074
Tissue 1 2.97 297
Gene 1285 1885.89 147
GenexTissue | 1285 1357.28 1.06
Residual 2570 242.76 0.09

Corrected Total | 5143 3581.99

9




Synteni Data Analysis

Reference Sémple Design

Array
Dye 1 2
Red | Placenta Placenta
Green Liver Muscle
‘Analysis of Variance

Source df SS MS
Array, Tissue 3 761.97 253.99
Gene 1904 3394.17 1.78
GenexTissue | 3808 1264.43 0.33
Residual 1904 55.21 0.03

Corrected Total | 7619 5475.78
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SYNTENI LATIN SQUARE EXPERIMENT

gene X variety effects
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Log Relative Expression

(b) Reference Design
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(b) Reference Design
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Estimate with AG effects‘

7 Comparison of (VG) 19-(VG)29 Estimates for Reference Design
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The latin_square is a half-fraction of the
theoretical complete factorial design. It has
a simple aliasing structure.

mean ~ ADV
A ~ DV
D ~ AV
Vv ~ AD |
G ~ ADVG
VG ~ ADG
AG ~ DVG
DG ~ AVG
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Corning Latin Square Experiment

Source SS  df MS
- Array - 3.11 1 311
Dye 79.81 1 79.82
Variety 53.06 1 53.06
Gene 954.60 83 "11.30
Variety x Gene 70.84 83 0.85
Spot x Gene 165.36 332 0.50
Dye x Gene 30.79 83 0.37
Residual 30.38 759 0.0400
‘Adj Total 1387.96 1343
Remove Gene 98/1gf2:
Source SS df MS
- Array 333 1  3.33
Dye 87.35 1 87.35
Variety 53.99 1 5399
Gene 949.77 82 11.58
Variety x Gene 69.87 82 0.85
Spot x Gene 164.69 328 0.50
Dye x Gene 12.60 82 0.15
Residual ’30.‘25 750 0.0403
‘Adj Total 1371.86 1327
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Coming - Distribution of Gene X Dye Effects
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Residuals Versus the Fitted Values
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The Question: Is gene g differentially expressed
across varieties k1 and ky?

Is (VG)klg = (VG)kgg?
Parametric Bootstrap

Produce bootstrap datasets 109(y;jkqr)* =

i+ A+ Dj+Vi+Gg+ (V@) + €

1ikgr’

The G;jkgr are drawn independently from the
empirical distribution of residuals from the orig-
inal fit of the model.

Form 99% confidence intervals using the per-
centiles of the bootstrap distribution of (175’)}90
(V@&)g,, for each gene.
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Figure 4

Relative Efficiency
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Chu, et al Analyses

Source SS df MS
Array,Dye,Variety 4871.16 13 374.70
Core 18992.28 6il7T 2.10
— VG 8250.36 36702 0.22
Residual 2743.69 42819 0.0641

Adj Total 34857.50 85651
- Source SS df MS
Array,Dye,Variety | 4871.16 13 374.70
Gene 18992.28 6117 3.10
—  VG,AG 10909.11 73404 0.15
Residual 84.94 6117 0.0139

Adj Total 34857.50 85651
Source SS df MS
Array,Dye,Variety | 4871.16 13 374.70
Gene 18992.28 6117 3.10
— VQG,DG 8596.02 48936 0.18
Residual 2398.03 36702 0.0653

Adj Total 34857.50 85651
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‘Chu Data, Background Corrected

Source SS df MS
Array,Dye,Variety | 6896.24 13 530.48
Gene 48329.71 6117 7.90
VG 16681.88 36702 0.45
Residual 6314.46 42819 0.1475

Adj Total 78222.28 85651
Source SS df MS
Array, Dye,Variety | 6896.24 13 530.48
Gene 48329.71 6117 7.90
VGAG 22907.16 73404 0.31
Residual 89.18 6117 0.0146

Adj Total 78222.28 85651
Source SS df MS
Array,Dye,Variety | 6896.24 13 530.48
Gene 48329.71 6117 7.90
VG,DG 17215.01 48936 0.35
Residual 5781,33 36702 0.1575

Adj Total 78222.28 85651




Model with AG Effects, Chu Data with Background Correction on Log Scale
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Chu et al, Time 0/Time 0 Array
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Chu Data with Median Background

‘Correction

Source SS df MS
"Arrav.Dve VVariety | 7353.57 13 565.66
Gene 43768.29 5827 7.51
VG 20081.60 34962  0.57
Residual 8855.74 40789 0.2171
Adj Total 80059.21 81591 '
Source SS df MS
"Array,Dye,Variety | 7353.57 13 565.66
Gene 43768.29 5827. 7.51
VG,AG 28804.40 69924 0.41
Residual 132.95 5827 0.0228

Adj Total 80059.21 81591
Source SS df MS
"Array,Dye, Variety | 7353.57 13 565.66
Gene 43768.29 5827 7.51
VG,DG |1 20688.91 46616 0.44
Residual 824843 34962 0.2359

Adj Total 80059.21 81591
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Figure 3
Profile #1,3 95% Stable Genes

Profile #2,7 95% Stable Genes
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Co rrelotons
XP.FQTI\-Q S

Profile

9 3 4 5 6 7

1/65 .19 .03 -14 -39 -41

2 73 .77 60 40 .11
3 84 78 .46 .01
4 95 84 .44
5 83 .36
6 75

‘Table 3: Pairwise correlations among the seven profiles.
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