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Norms of reaction

« When norms of reaction are not parallel between
genotypes - GxE

Resporse

Environmental gradient

Issue: What to put on the X-axis?

Finlay-Wilkinson model

THE ANALYSIS OF ADAPTATION IN A PLANT-BREEDING PROGRAMME
By K. W. FiNLaY* and G. N. WILKINSONT

[ [Manuscript received January 23, 1963 ]

Summary

The adaptation of barley varieties was studied by the use of grain yields of a
randomly chosen group of 277 varieties from a world collection, grown in replicated
trials for several seasons at three sites in South Australia. For each variety a linear
regression of yield on the mean yield of all varieties for each site and season was computed
to measure variety adaptation. In these calculations the basic yields were measured
on a logarithmic scale, as it was found that a high degree of linearity was thereby
induced. The mean yield of all varieties for each site and season provided a quantitative
grading of the environments; and from the analysis described, varieties specifically
adapted to good or poor seasons and those showing general adaptability may be
identified.

Aust. J. Agric. Res., 1963, 14, 742-54

Regression on the environmental mean (E£)

JOL e e > 1400 citations
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Finlay Wilkinson model

0 Environmental variable = the average yield across genotypes
for each environment (quality of environment).
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From ANOVA to Finlay Wilkinson model

Yij = i+ G + Ej + (GEjj + eij)

Yij = U+ G+ E + Bk + €

Yij =+ G+ (1= B)E; + €

yij = U+ G+ B L + €

<

Response
\

QThe environmental main effect E; is used as regressor.

0 Uses environmental information present in the data:
e E; is a measure of the environmental quality,

e ... but no information of why.
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Finlay Wilkinson model

0 Environmental variable = the average yield across genotypes
for each environment (quality of environment).

Qyij = pu+ G + B Ej + €;

0 A popular method for estimating adaptability

e Slope (B*) of this regression is a measure for adaptability

o Intercept (n + G;) is a measure for general performance

0 The average slope =1

e genotypes with slopes > 1 have higher than average

adaptability

e genotypes with slopes < 1 have lower than average

adaptability

Notation:

In the following, B is p*

(i.e. we drop the * from the notation for simplicity)
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Finlay-Wilkinson model parameters

8

yl-j=,u+Gi+ﬁiE]-+§U :

- L
Yij = Wi tPBiEtg; : |
Prn

trait value

Environment quality index

ay; (intercept): the expected performance of genotype i in
the “average” environment.

apB; (slope) = the sensitivity of genotype i to the
improvement in the quality of the environment
(adaptability).
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Finlay Wilkinson model and stability

0 Eberhart and Russell stability (type 3): deviation from
predicted performance given environment

o stable genotype = low residual variance (agzij) from the
regression line (predicted response).

[ ]
y ®
[ ]
E
2 -
Stable, o, is small Unstable, oZ is large
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FW parameters plotted together
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general
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j:"”// (from F&W 1963 paper)

Example durum wheat Algeria

0 24 genotypes

0 22 trials (environments), each one designed as RCBD.

e 11 sites
e 2 years
0 Grain yield (ton/ha)
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Data set: two-way table of means

Environments 5
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a Environment = Soil properties, weather conditions,
incidence pest/diseases, etc...

0 E = Mean performance in a particular environment
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Environmental index

eny
501 y1 1.3736
. , 14_y2 1.2801
a Environmental variable = §g1‘§2 0.7984

Environmental main effect (E;). 512 y2 0.6474
512_y1 0.5603

o As a deviation from the average s02_y1 0.4688
s14_y1 0.3721

510_y2 0.3238

Yij =u+Gi+E+ (@ij + Qij) 511 y2 0.2137
- 504 y1 0.1575
505_y2 -0.1759

0 Environments can be ranked on E: s18_y2 -0.1951
518 y1 -0.2540

>0: 510_y1 -0.2587
e E > 0: better than average 6 0 100

<0: s11_y1 -0.3641
e E < 0: worse than average 162 Fptat
505 y1 -0.7386
504 y2 -0.7470

— H ” s02_y2 -0.7532
0 E = “Environmental Index S07 y1 07825

s07_y2 -1.2001
o Il




Yield versus environmental index (E)

INRATE9 POLONICU ARDENTE
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Environmental index Environmental index Environmental index

0 Three genotypic responses
¢ Differences / similarities?
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FW model for genotype POLONICU

Regression analysis

Interpretation of the

Response variate:  yld[20]

Fitted terms:  Constant. Envindex model pa ra meters?
Summary of analysis
Source df 5.5 v.r.
Regression 1 6.080 67.32
Residual 20 1.806 POLONICU
Total 21 7.887 40
Percentage variance accounted for 76.0 354
Standard error of observations is estimated to be 0.301. va r(S)

304

Message: the following units have large standardized residuals.

Unit Response Residual ol §

2 1683 -2.24
k-2 .

Message: the following units havs high leverage g 2 - :

Unit Response Leverage - -

1 2592 0.239 5 ‘ o5
10 0.524 0.193 %
18 3.038 0214 104 e
B
Estimates of parameters
0o T T T T T

Parameter estimate S o Lo L) e L

Constant 1.6871
Envindex 0.7897

WAGENTNGENDEN B

Environmental index
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POLONICU VS ARDENTE

Regression analysis Regression analysis

“*ARDENTE higher stability (smaller var(e)) .

Summary of analysis

Source df LE:R fis wr Source df

Regression 1 6.080 £030 67.32 Regression 1

Residual 20 1.806 0.09032 Residual 20

Total 21 7.887 0. 6 Total 21 12.705

Percentage variance accounted for 76.0 Percentage variance accounted for 91.4

Standard error of observations is estimated to be 0.301. Standard error of observations is estimated to be| 0.227.

Message'tgﬁthRDENTE (7S|ight|Y) higher general adaptation (Hi)

2

Message: the following units havé high leverage

ssage: the following units have high leverage.

Unit Response Leverage Unit Response Leverage
1 2692 0.239 1 3641 0.239
10 0.524 0.193 10 0.646 0.193

18 3.038 0.214 18 3140 0.214

Estimates of parameters Estimates of parameters

Parameter estimate 5.8 t(20) Parameter estimate se 1(20)
Constant 1.6871 0.0641 2633 Constant 17744 0.0485 36.59

Envindex 07897 0.0962 820 Envindex 1.0940 0.0728 15.02
gWAE FNING FM

ARDENTE higher adaptability (B)

iduals

ARDENTE better than POLONICU ?

' It depends!
. In high quality
30 environments yes,
but not in low
7 quality
3 204 environments...
2
1.5 4
1.0 4
0.5 4

-1.0 -05 0.0 0.5 1.0 1.5

Environmental index

POLONICU
ARDENTE
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From ANOVA to FW model

Accumulated analysis of variance

Change df
+ Geno 23
+ Env 21

Residual 483

Total 527

Analysis of variance

Source
Genotypes

Environments

Sensitivities
Residual
Total

5.5. m.s. VT F pr.
13.47438 0.58584 10.34 =001
a5 11.14129 196.63 =001
0.05666
0.52146

df 5.5 m.s. VT F pr.
13.4744 0.5858 10581 <0.001
21 233.9671 111413 199.95 <0.001
1.7364 0.0755 135 0.127
460 256310 0.0557
827 274.8089 0.5215

O Partition of the ANOVA “residual” (GxE+error) into:
o Heterogeneity of slopes (="sensitivities”)

e Residual

a (a little) part of the GXE has become predictable

gWAEENINEEN

Yij = Mi +Bilj + &;j

0 What would happen

with these
parameters if we
remove some of
the genotypes?

gWAEENINEENm

Full results

Sorted sensitivity estimates

Genotype

POLONICU
O.ZENADI
HEBDAO3

MBBACHIR.

BIDI7
POLON/ZB
OFANTO
EIDER

)

)

)

)

)

)

)

)

)

) INRAT6Y

) MEXICALI

) DUILIO
13)  KEBIR

) SAHELT?

) BELIKH02

) B.DUR1%M

) CHENS

) WAHA

) SIMETO

) BIDAVAHA

) HEBD/GDO

) VITRON

) ARDENTE

) GTADUR

Sensitivity

p

0.7897
0.8336
0.8628
0.8679
0.9206
0.9407
0.9724
0.9863
0.9935
1.0092
1.0138
1.0158
1.0223
1.0292
1.0326
1.0464
1.0647
1.0663
1.0685
1.0694
1.0752
1.0812
1.0940
1.1395

5.8

0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559
0.07559

Mean

Hi
1.6687
1.575
1617
1611
1.685
1661
1.990
1.929
1.940
1.812
1.969
1973
1.832
2.076
1934
1.986
2056
2.001
2.015
2021
1.746
1.965
1774
2.084

s.e.

0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033
0.05033

Var(e)
Mean square
deviation

0.09032
0.09884
0.06455
0.08581
0.05923
0.06514
0.04635
0.02086
0.02562
0.03523
0.07472
0.05176
0.02185
0.11352
0.03879
0.06401
0.02646
0.04165
0.07589
0.02367
0.04052
0.04987
0.05174
0.02416
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Summary: Finlay-Wilkinson model

0 In FW-regression the environments is the mean
performance of all genotypes in that environment (E)

0 Genotypes are characterized in terms of:
e intercept (general performance, ;)
e slope (adaptability, B)
e deviations from regression (stability, var(s))

a Prediction of variety performance in unobserved
environment is possible when E is known
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