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Optimal Use of Biplots in Analysis of Multi-Location Variety Test Data
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Abstract: Biplot analysis has been increasingly used in visual analysis of genotype-by-environment data and other types of
two-way data. While many plant breeders and agricultural researchers are enthusiastic about the capacity of biplot analysis in
helping them to understand their research data, some statisticians consider the use of biplots as a sidetrack to genotype-
by-environment interaction analyses. Confusion also exists among statisticians on what is or is not a biplot. Admittedly, some
users of biplot analysis are not always clear on how to select a proper type of biplot for a particular research objective and how to
interpret a biplot correctly, accurately, and adequately. Some criticisms of biplot analysis may arise from incomplete understand-
ing of the practitioners’ research problems as well as of the biplot methodology. In this review, I summarize the experiences and
understanding in biplot analysis of genotype-by-environment data achieved during the last decade and discuss the following issues:
(1) how to choose a proper biplot; (2) how to choose a proper GGE (genotype + genotype-by-environment interaction) biplot; (3)
how to use the key functions of a GGE biplot for genotype evaluation, test-environment evaluation, and mega-environment de-
lineation; (4) how to judge the adequacy of a 2-D biplot; and (5) how to test the statistical significance of a biplot pattern.
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Table 1 Five different types of biplots and their usefulness in genotype-by-environment data analysis
Type of Biplot Un-centered Grand mean-centered Environment-centered Genotype-centered Double-centered
GGE GE
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E+G+GE E+G+GE G+GE E+GE GE
, G GE , G GE i G , G
QTL-
“ ” (“Discriminating Ability vs. Rep-
4 GGE 4 resentativeness” View) ( 4), “
GGE , ” (“Mean vs. Stability” View) ( 5)
’ [6-7] )
4 .
” (“Which-Won-Where” View) ( 2), , GGE

ER)

(“Environmental Vector” View) ( 3), 2
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Table 2 Location-centered mean yield of 18 winter wheat genotypes (g1 to g18) at nine Ontario test locations (t hm™)

Test location

Genotype El E2 E3 E4 E5 E6 E7 E8 E9 Mean
gl 0.10 -0.29 -0.29 -0.41 0.26 —-0.61 0.11 -0.32 -0.23 -0.19
g2 0.05 0.33 -0.23 0.01 0.02 0.09 0.72 0.03 0.04 0.12
g3 0.31 0.14 —-0.04 —-0.04 0.39 —-0.04 0.49 —-0.46 —-0.28 0.05
g4 0.37 0.31 0.24 0.41 0.54 0.28 —-0.01 0.53 0.55 0.36
g5 0.03 0.17 0.37 0.35 0.09 0.36 0.91 —-0.26 —-0.07 0.22
g6 0.82 0.04 -0.15 0.28 0.90 -0.02 -0.25 —-0.09 —-0.12 0.16
g7 -0.99 -0.26 -0.40 —-0.34 -0.34 -0.79 —-0.08 —-0.30 —-0.87 —0.48
g8 0.49 0.23 1.29 0.46 —-0.15 0.77 —-0.07 0.70 0.67 0.49
29 0.68 0.30 0.37 —-0.06 0.28 —-0.20 0.74 0.15 —-0.04 0.25
210 0.83 0.22 0.46 0.26 0.25 0.29 -0.34 0.09 0.40 0.27
gll —-0.07 0.09 -0.38 -0.07 0.46 0.19 0.62 -0.22 0.25 0.10
gl2 -1.21 -1.40 -0.75 -1.15 —-1.45 —-0.80 -0.85 -0.29 —-0.80 -0.97
gl3 -0.26 -0.56 —-0.84 0.22 -1.13 0.09 —-1.64 0.60 —-0.01 -0.39
gl4 -1.02 —-0.58 -0.72 -0.71 —-1.05 0.03 —-0.96 —-0.44 —-0.34 —0.64
gls 0.01 0.26 0.52 0.10 0.51 0.08 -0.31 —-0.15 0.03 0.12
gl6 0.58 0.26 —0.19 0.40 0.38 0.27 0.06 -0.06 0.13 0.20
gl7 —-0.58 0.53 0.24 -0.14 -0.91 0.24 0.08 0.50 0.48 0.05
gl8 -0.13 0.22 0.47 0.42 0.96 -0.23 0.78 0 0.21 0.30
SD 0.60 0.45 0.53 0.42 0.69 0.40 0.66 0.35 0.40
11993

Data from the 1993 Ontario Winter Wheat Performance trails.
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The biplot is based on environment-centered (Centering = 2) and
un-scaled data (Scaling = 0), using environment-focused singular

value partitioning (SVP = 2) method. The genotypes are from gl to
g18 and the environments are from E1 to E9.
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Fig. 3 Environmental vector view of the GGE biplot
- (Centering =2), (Scaling =0)
- (SVP =2)
gl gl8 s El1 E9
The biplot is based on environment-centered (Centering = 2) and
un-scaled (standardized) data (Scaling = 0), using environ-
ment-focused singular value partitioning (SVP = 2) mothod. The

genotypes are from gl to g18 and the environments are from
El to E9.
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Fig. 4 Discrimination and representativeness view of the GGE
biplot
- (Centering =2) (Scaling =0)
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The biplot is based on environment-centered data (Centering = 2) and is
un-scaled (standardized) (Scaling = 0), using environment-focused
singular value partitioning (SVP = 2) method. The genotypes are from
g1 to g18 and the environments are from E1 to E9.



11 : 1811

s g12 3 95,
44 b » « 2 ,
s g12 (13 2
GGE 13 2 ( ; -
5) [4] ,
4 R 13 2 S
g8 , . ; 3 ( 2~ 4
g4 gl0 gl8, gl2, 5 (SVP = 1),
gld g7 gl3 gl gl7 3
(SVP = 2),
2 13
. » [22]
’ 5
gl3 gl5 gl6 g6 g4
, g4
) g13 ) 5.1 (13 2 (13 2
( E6, E8, E9) (E5 E7 s >
) g8 ; 2-D
(E1~E4, E6, ES8, E9) 5 R
(E5 E7) , (Goodness of Fit),
GGE (PC1 PC2)
12 ( 2~ %), 78%,
0.8 ’
0.4 5
[ ]
£ . g
e ( ) ,g=18,e=9
-0.4 K = min
(g-1,¢) K=9
-0.8
-16 -12 -08 04 0 04 08 12 16 1/K
PC1
5 GGE «“ ” ’
Fig.5 Mean vs. stability view of the GGE biplot 1/K, 1/K
(Centering =2) (Scaling =0) Yan Tinkerm <« *(IR)
- (SVP =1)
gl gl8 s El E9 K >
The biplot is based on environment-centered data (Centering = 2) , IR>1 ,IR=1
and is un-scaled (standardized) (Scaling = 0), using genotype- IR <1

focused singular value partitioning (SVP = 1) method. The geno-
types are from gl to gl8 and the environments are from E1 to E9.

, IR >I,



1812 36
1 25 ,
, 2 3
, 2-D 3 2-D
3 , 2-D
, 3-D GE ;
b 2 b
R 6 IR R
2 IR >1, G , GE
2 3 (PC3) 6
IR =10.9, gl2 gl3 gld4 gl g7 gl7 GGE
3 6 GE/G ,9 3,
Table 3  Singular value, proportion explained, and information 2 , E7 , El ES
ratio (IR) of the first six principal components (PC) 6 3
PC Singular value Variation explained (%) IR g5 g6 g8 >
1 5.0 58.9 53 s
2 29 19.1 1.7 (IR) ,
3 2.1 10.0 0.9
4 1.1 2.9 0.3
5 0.9 1.8 0.2
6 0.3 0.3 0.0 0.961~ PC1 = 45%, PC2 = 23.60%, Sum = 68.6%
Transform = 0, Scaling + 0, Centering =2, SVP =2
E7
0.72
52 2-D ?
, , 2-D GGE 048
[8,18,29] 0.24
.
( ) 2 0
’ ’ ~0.24
2-D
—-0.48
1 3-D -0.72
_0.96 1 I 1 I 1 | 1 1 1 1
,3-D GGE -0.72 -048-024 0 024 048 072 096 120 144
PC1
3.D 6 GGE
> Fig. 6 GGE biplot excluding some low yielding genotypes
3-D 2-D 2 All settings are the same as Figure 2.
GGEDbiplot 4 3-D ; )
2 ,2-D  3-D
2-D , s 5
R 2 E5 s
E7 18] ,
, 2 >
[30], 145




11 1813
6 ;
3 , 100% 6.1
2 , g8 gl8 (E5 E7
' EI-E4 E6 E8 E9)
’ ’ : “gl8
’ ( E5 E7 ) g8 (
7 ) ”
(4w, g18
g8, g8 gl8
, [5] , )
4-b 6
4 2
Table 4 Data extracted from Table 2 to test the crossover genotype-by-location interactions revealed from the biplot
a) 2 When the locations are divided into two groups
El
Geno- Eastern Ontario Southwestern Ontario plus E1
type E5 E7 Mean El E2 E3 E4 E6 E8 E9 Mean
g8 —-0.15 -0.07 -0.11 0.49 0.23 1.29 0.46 0.77 0.70 0.67 0.66
gl8 0.96 0.78 0.87 —-0.13 0.22 0.47 0.42 —-0.23 0.00 0.21 0.14
b) 3 When the test locations are divided into three groups
Eastern Ontario Eastern Ontario Southwestern Ontario
Genotype E7 El ES E2 E3 E4 E6 E8 E9
Mean Mean
g5 0.91 0.03 0.09 0.06 0.17 0.37 0.35 0.36 —-0.26 -0.07 0.15
g6 -0.25 0.82 0.90 0.86 0.04 -0.15 0.28 -0.02 -0.09 -0.12 -0.01
g8 -0.07 0.49 —0.15 0.17 0.23 1.29 0.46 0.77 0.70 0.67 0.69
6.2 =0.87 - (-0.11) = 0.98 SE/[sxn ,
) SE=042,n=4 ,s (=17
2 2 () Y — Yu) + 2) t t= D,/
(Yo — Y1) “Yi” 1 1 , SE, = 0.52/ (0.42/5.29) = 6.55, t, = D,/SE, = 0.98/
“Yy” 2 1 , 4-a (0.42/2.83) = 6.60 t ,
, (0.66 — 0.14) + [0.87 — (-0.11)] = 1.50 t
hm™?, 0.42 thm™>, 3
459 ( ), ES E7 E6
Di=Y-Yy>0 Dy=Yn-Y,>0 E8 E9 C ) ( )
4-a ,D;=0.66-0.14=0.52, D, ()
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Table 5 Correlation coefficients among test locations
. El E2 E3 E4 ES E6 E7 E8
Test location
E2 0.65"
E3 0.55" 0.69"
E4 0.75" 0.75" 0.62"
ES 0.74" 0.66" 0.48" 0.65"
E6 0.52" 0.61" 0.56" 0.70" 0.20
E7 0.36 0.64" 0.46 0.32 0.64" 0.11
E8 0.29 0.34 0.43 0.51" -0.10 0.54" -0.18
E9 0.58" 0.71" 0.66™ 0.72" 0.36 0.83" 0.22 0.71"
L 0.05  0.01
", " significant at the 0.05 and 0.01 probability levels, respectively.
6.3 [18] [31]
. 9
[32] [33] [27]
C )
7 7
113 ” 2 ( )’
s gl8 E5 E7 s “ , ”
g8, 7 ,E5 (6] ,
E7 , gl
g5 g9 )
, g8 , 13 9 GGE
2
‘; 9
PC1 =42.5%, PC2 = 15.1%]| Sum = 57.6%
> _Transl'orm =10, Scaling = 0, lCentering = 2, SVP = 2
s 145
25 - 301
, 10
B
b
[30]
>
12 08 04 0 04 08 12 16 ’ GE ’ ’
PC1
7 GGE s ( )
Fig. 7 Genotype by replication-within-environment biplot
“El: 17 El s
The four replications within each location are represented by the 6.5
location code plus the replication code.
6.4
b
B 9 B
Yang [21]
«“ ? (bootstrap simulation) 2
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Table 6 Parameters characterizing the test-environments (based on the 1993 Ontario winter wheat performance trials)

Test location Mean yizeld SE , SD , Heritazbility h Coefficient of variation
(thm™) (thm™) (thm™) (") (%)
El 4.36 0.59 0.62 0.78 0.88 13
E2 4.44 0.29 0.47 0.90 0.95 7
E3 3.14 0.31 0.54 0.92 0.96 10
E4 3.50 0.24 0.43 0.92 0.96 7
E5 5.68 0.65 0.71 0.79 0.89 11
E6 5.06 0.32 0.41 0.84 0.92 6
E7 4.24 0.59 0.68 0.81 0.90 14
E8 4.36 0.21 0.36 0.92 0.96 5
E9 2.90 0.33 0.42 0.84 0.92 12
7.1 GGE ( );
GGE , ( 0
«C 2
( 2~ 7 (“Scaling = 7.2 GGE
0”) , , (SE, =0.) ,
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