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GEMANOVA

» Used to analyze the variance

» Very good for systems with complex interactions
» Works on experimentally designed data

» Uses a PARAFAC algorithm

v" An example from the bactericidal effect of novel
antibacterial agents




Qualitative ANOVA

Response at i th instance of first factor and j th instance of second factor

| 1T+/+J
Residual
parameters
Effect of the first factonat the i/ th instance

Grand level

Effect of the second factor the j th instance

1T+1+J+1J
parameters

Interaction between factors 1 and 2




Quantitative ANOVA

Vi = by + biXyi + boXy + bioXyiXy + €

Value of the first factor at the j th level

Value of the second factor at the j th level

Only parameters b,, b,, b, and b,, are to be estimated




Qualitative vs Quantitative ANOVA

Qualitative ANOVA:

» Quite flexible therefore prone to overfit especially for interactions

Quantitative ANOVA:

» Very restricted

“Although both models can theoretically handle the interaction of any

order and complexity, data that are mainly generated by interactions
are difficult to be modeled adequately by ANOVA.”

R. Bro, M. Jakobsen, J. Chemometr. 16 (2002) 294-304.




GEMANOVA: a constrained PARAFAC model

Three factors F1, F2 and F3 are modeled using GEMANOVA terms.
Unity vectors are introduced to obtain the terms of interest.

PARAFAC
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GEMANOVA

Main effects Interactions

Main effect: » ANOVA qualitative
ANOVA guantitative
GEMANOVA

Three-way

. ) (abc);, ANOVA qualitative
interaction: :

bx.xx, ANOVA quantitative
abc GEMANOVA  one-component

F
; 8dCqy GEMANOVA  F-component

R. Bro, M. Jakobsen, J. Chemometr. 16 (2002) 294-304.
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Bactericidal effect of natural gum active ingredients

substances of Bm, B R, Sand T

in £ structural shapes of monomer and polymer
oxidation forms of oxidized and non-oxidized
concentrations (MIC) 1and 5 mg L1

on O genera of bacteria E. coli, H. pylori and S. aureus
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ANOVA results

Source
Substance

Bacteria

Ox form

MIC

Substance*Bacteria
Substance*Structure shape
Substance*Ox form
Substance*MIC
Bacteria*Structure shape
Bacteria*Ox form
Bacteria*MIC

Structure shape*Ox form

Ox form*MIC
Substance*Bacteria*Structure shape
Substance*Bacteria*Ox form
Substance*Bacteria*MIC
Substance*Structure shape*Ox form
Substance*Structure shape*MIC
Substance*Ox form*MIC
Bacteria*Structure shape*Ox form
Bacteria*Structure shape*MIC
Bacteria*Ox form*MIC

Structure shape*Ox form*MIC
Substance*Bacteria*Structure shape*Ox form
Substance*Bacteria*Structure shape*MIC
Substance*Bacteria*Ox form*MIC
Substance*Structure shape*Ox form*MIC
Bacteria*Structure shape*Ox form*MIC

Substance*Bacteria*Structure shape*Ox form*MIC

Replicates
1&2

Sig
Sig

Sig
Sig
Sig
Sig
Sig

Sig
Sig
Sig
Sig

Sig
Sig
Sils]

Replicates
1&3

Sig
Sig

Sig
Sig
Sig
Sig
Sig
Sig
Sig
Sig
Sig
Sig

Non sig
Sig
Sig
Sig
Sig
Sig
Sig
Sig
Sig
Sig

Sig
Sig
Sig

Replicates
28&3

Sig
Sig

Sig
Sig
Sig
Sig
Sig

Sig
Sig
Sig
Sig

Sig
Sig
Sils]
Sils]
Sig

Sig
Sig

Sig
Sig
Sig

Sig
Sils]
Sig
Sig




GEMANOVA model

+ RMSECV
o RMSEC
xr2CV

GEMANOVA models

ADISINY 8 OFSINY




Best GEMANOVA models

Substance
4+ Bacteria
. Structure shape
I Oxidation form

MIC
[ T No. of parameters

-Djde|fm + gihjskt|um (5+3+2+2+2)+(5+3+2+2+2)=28
iD;CC fo + gihjSkt| (5+3+2+2+2)+(5+3+2+2+0)=26

-DjCkC |fm + giskt,um (5+3+2+2+2)+(5+0+2+2+2)=25

':)J'CkC Ifm T 0iSUn, (5+34+2+2+2)+(5+0+2+0+2)=23




GEMANOVA
Model parameters

M| 5-way term

x | 5-way term
m 3-way term | 3-way term

Estimated response due to
the incubation of H. pylori

with substance Bin its Subetance oo oo S aures
polymer and oxidized form
and in 5 MIC is:

= (

Value of GEMANOVA parameter
Value of GEMANOVA parameter

| 5-way term

x m 3-way term
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m 3-way term
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Polymer Monomer Oxidized Non-Oxidized
Structure shape Oxidation form

| 5-way term
| 3-way term

Value of GEMANOVA parameter

1MIC 5MIC

= albckdlfm + glskum Minimum inhibition concentration/ mg mL”




GEMANOVA model
interpretation

| 5/ way term
®.2-way term

Substances =, /<~ and [ Kill all three
bacteria better when they are in
polymer shape and 5 MIC. Oxidation

form does not have an impact on their Subetonce Foeol o ipon S aures

activity.
] S-fy ;erm / ] 5;¥y Eerm
| 3-ya) term B 3-wa\ term
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Value of GEMANOVA parameter
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Bacteria of

are more vulnerable when substances S e shape O aton o1
(all five) are in the polymer form and 5
MIC. R and B are the most and least :g%m
effective substances, respectively for
these two bacteria whose sensitivity
are not affected by oxidation form of
bactericidals.

Value of GEMANOVA parameter

1MIC 5MIC
Minimum inhibition concentration/ mg mL!

'delfm + giskum




GEMANOVA model
interpretation

5/way term
®.2-way term

1. Substances =, /< and
2. Bacteria of and

Value of GEMANOVA parameter
Value of GEMANOVA parameter

E. coli H. pylori S. aureus
Substance Bacteria

B 5 vily/cerm
| 3ay term

cdf, + gsu,

of

all substances exhibit the same |
activity on three studied bacteria. P e shape A0 o Oz
While oxidation form does not have
an impact on the effectiveness of
monomer bactericidal, the greater
activity is observed in higher
concentrations (5 MIC).

Value of GEMANOVA parameter
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Value of GEMANOVA parameter

1MIC 5MIC
Minimum inhibition concentration/ mg mL!




GEMANOVA model
interpretation

The variance of data due
to the effects of B, Rand T _ _

in two oxidation forms and T e
two MICs, the effects of E.
coli and H. pylori and the
effectc of monomer is
described by a three-way
GEMANOVA term.

Value of GEMANOVA parameter
Value of GEMANOVA parameter

Value of GEMANOVA parameter
Value of GEMANOVA parameter

Polymer Monomer Oxidized Non-Oxidized
Structure shape Oxidation form

What is not explained solely by this three-
way term is the effect of and 5 in the

on in two
oxidation forms and two concentrations.

Value of GEMANOVA parameter

1MIC 5MIC
Minimum inhibition concentration/ mg mL"




m 5-Jay term
m 3fvay term
| |

GEMANOVA model
Interpretation

Value of GEMANOVA parameter
Value of GEMANOVA parameter

E.coli H. pylori S. aureus
Substance Bacteria

Yikim = @ibiCdify + 9iS U,

W 5-way term
| 3-way term

W 5-way term
| 3-way term

Value of GEMANOVA parameter
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Polymer Monomer Oxidized Non-Oxidized
Structure shape Oxidation form

W 5-way term
| 3-way term

Monomer form of Bm and S Kill
S.aureus better

Oxidized form of Bm and S Kills
S.aureus better.

Value of GEMANOVA parameter

1MIC 5MIC
Minimum inhibition concentration/ mg mL"!

Bm and S kill S.aureus better at
higher concentration (5 MIC).




What is special about those eight data points?

Yijklm — aIbdeIfm ~+ g;S U,

Polymer form Kills
gram positives less
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Yijm = abedfn + G;S U,
Polymer form Kills

gram negative and
gram positives more

Data point (experiment)

That is why the effect of structure shape was insignificant by ANOVA!
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GEMANOV A parameter
in three-way term

Value of(

Robustness of GEMANOVA models

Three independent repeats with significant noise

Substance

R

Substance

(b)

@ Replicate 1
71 Replicate 2
@ Replicate 3

N Z:l 7i 8

. B

E. coli H. pylori
Bacteria

S. aureus

Polymer Monomer

Structure shape

Oxidized Non-Oxidized

Oxidation form

H. pylori
Bacteria

S. aureus

i

Polymer Monomer
Structure shape

Oxidized Non-Oxidized
Oxidation form

FAS)

1MIC 5MIC
Minimum inhibitory concenration/ mg mL™"

x10°

UMY

sl

1MIC

Minimum inhibitory concentration/ mg mL”




GEMANOVA vs ANOVA

Model No. of parameters  RMSE

ANOVA 442, 566, 540

GEMANOVA | 23, 23, 23

Replicates

480

912

763

RMSEP

801

1333

r2
0.93

0.93

0.97




Conclusion

» Multiplicative ANOVA can be a REAL replacement
for traditional ANOVA in systems with complex
interactions

> See details in

Wanted:

» An easier way to find the optimum model
» Inclusion of replicate data
» A probability figure




