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Investigations of the Seed Protein Content of Several Pea 
Genotypes Grown in Two Different Years 

H.D. Quednau and G. Wolff 
Institute of Genetics, University of Bonn (Federal Republic of Germany) 

Summary. Seventeen X-ray and neutron induced mutants 
of the commercial variety 'Dippes gelbe Victoria' were 
analyzed with regard to their seed protein percentage. The 
interaction of genotypic and year effects in 1975 (normal 
weather conditions) and 1976 (extremely hot and dry) 
was also taken into consideration. To avoid undiscover- 
able environmental bias, the plants were grown in a non- 
standard three-dimensional layout. Biometric analysis was 
done by using the theory of the general linear model with 
a formula-processing computer program. In the first year, 
significant genetically caused differences were found in 
the material. The bifurcated mutant 157A was especially 
of considerable interest because an improved protein con- 
tent was combined with relative good yield. In the second 
year, no significant differences between the mutants were 
revealed, but all genotypes showed a similar good protein 
value of about 27%. 

Key words: P i s u m  s a t i v u m  - Seed protein content - Mu- 
tation - Genotype-year-interaction 

Introduction 

Since the beginning of the sixties, the vital role of pro- 
tein in world nutrition has become apparent, and conse- 
quently, an intense research work has begun all over the 
world with the purpose of  improving protein quality and/ 
or quantity by means of mutation and selection in crops, 
vegetables and pulses. 

In general, the first step in finding protein mutants is 
by examining mutant populations on the basis of pheno- 
typical characters. An appropriate selection has to follow 
the detection, taking into consideration all interacting 
plant characters such as yield, kernel size, flowering time, 
and other morphological and physiological characters in 
addition to the interacting environmental factors that 
mask the true genetic variation. 

In 1964, Mertz et al. published the most interesting 
findings on opaque-2 maize. The main favourable charac- 
teristic of this mutant is the improvement of the lysine 
content in seed protein caused by a changed proportion of 
protein sub-fractions. The induction of the protein im- 
proved mutant in barley (1508) (Doll et al. 1974) and 
sorghum (Singh and Axtell 1973) was a further step in 
this direction. 

These improvements in maize, barley and sorghum are 
due to qualitative characters. These are more easily de- 
liminated as they show a discontinuous distribution and 
are less influenced by environmental factors. Quantitative 
characters on the other hand - for example, the quantita- 
tive improvement of seed protein content - show con- 
tinuous variations and often exhibit small differences be- 
tween the mutant lines. Added to this, they are highly 
susceptible to environmental factors. 

A perusal of the literature indicates that most of the 
socalled 'protein mutants' show quantitative characters 
and while a few may be real 'protein mutants', the major- 
ity are simply modifications (cf. Prec. of IAEA 
1969-1978). In those cases, the improved protein content 
is not genetically conditioned, and thus, the difference is 
not significant from the corresponding initial lines. 

Since 1969, investigations in our institute on seed pro- 
rein make-up of pea mutants have been carried out (Gott- 
schalk and MOiler 1974; Gottschalk and MOiler 1970; MOI- 
ler and Gottschalk 1973; Gottschalk et al. 1975; Wolff 
1975; Gottschalk et al. 1976; Quednau and Wolff 1978). 
One hundred and thirty mutants were examined for their 
seed protein content. Most of these showed little or no 
deviations from the values of the initial line. But apart 
from this, mutants with clear positive as well as negative 
differences in seed protein were found. For the mutants 
exhibiting marked differences (up to 30 or 40% protein) 
there were no problems about their evaluation. However, 
in general, these mutants are of no practical and theoreti- 
cal use as the high protein value is connected to an ex- 
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t r e m e  r e d u c t i o n  in yie ld  (Wol f f  1975)  and  is n o t  com-  

b i n e d  w i t h  any  shi f t ing o f  p ro t e in - sub f r ac t i ons  or  o f  

a m i n o  acid c o m p o s i t i o n  (Wol f f  unpub l i shed ) .  This  is w h y  

' m u t a n t s '  w h i c h  show slight dev ia t ions  are o f  in te res t .  A 

genet ica l ly  f ixed  slight i m p r o v e m e n t  o f  p r o t e i n  c o n t e n t ,  

c o m b i n e d  w i t h  an i m p r o v e m e n t  in yield,  or  at  least  a 

s imilar  y ie ld  as the  ini t ia l  l ine,  p rovides  a good  base  for  an  

agr icul tura l ly  usable l ine.  The  d i f f icu l ty  is - as has  a l ready 

b e e n  m e n t i o n e d  - to  f red these  ' real  m u t a n t s '  and  to  

de l imina te  t h e m  f r o m  m o d i f i c a t i o n s  o f  the  ini t ial  l ine.  

The  o t h e r  p r o b l e m  o f  in te res t  is t he  e f fec t  o f  d i f f e ren t  

years  o n  genet ica l ly  c o n d i t i o n e d  seed p r o t e i n  a l te ra t ions .  

We grew ou r  ma te r i a l  for  t w o  cu l t iva t ion  per iods  (1975  

and  1976)  w h i c h  were  r a t h e r  d i f fe ren t  c o n c e r n i n g  t em-  

pe ra tu re  and  h u m i d i t y .  

number of seeds were available. Moreover, the environmental in- 
fluence on the protein content is so strong that comparisons be- 
tween plants grown in a distance of some meters are almost impos- 
sible. Therefore, we worked out an experimental design which 
minimized an uncontrollable environmental bias and gave suffi- 
ciently short confidence intervals for genotypic effects in spite of 
the relative small amount of seed material used. The plants were 
grown in Bonn in 1975 and 1976. The seeds were allocated to 
4 groups: group 1, comprising the bifurcated genotypes plus the 
initial line; group 2, the fasciated genotypes plus the initial line; 
groups 3 and 4, those mutants showing an improved or decreased 
seed protein content in former years, plus the initial line. The 
material was cultivated in 5 rows; each row contained one set of 
these groups. From each genotype 10 seeds were sown with a 
distance of 2 cm between the single plants so that each group 
extended over a length of between 80 cm (groups 4) and 140 cm 
(group 1). In 1975, seeds of all genotypes were harvested but in 
1976 plants of mutants 15 and 189 did not grow as the seeds were 
eaten by birds before germination. 

Material and Methods Protein estimation 

Our investigations were carried out on 15 X-ray-and neutron-in- 
duced mutants and 2 recombinants homozygous for several mu- 
tant genes and their initial line. All genotypes arose from the 
commercial variety 'Dippes gelbe Victoria' and belong to the 
mutant collection of our institute. 

1. The fasciated genotypes 
489C apical part of the stem strongly fasciated, all the flowers 

and pods clustered at the top of the plant 
2797 morphologically identical to 489C 
251A apical part of the stem linearly fasciated, flowers and pods 

distributed over a relatively long part of the stem 
123 phenotypically intermediate between 489C and 251A 
12C short internodes 
176X narrow leaves, late flowering; recombinant arisen by a 

spontaneous crossing between mutant 489C and 176A 
(narrow leaves) 

The genes for 'fasciation' of all theses mutants belong to a series of 
multiple alleles (Gottschalk 1977). 

2. The dichotomously branched genotypes 
1201A reduced penetrance, homozygous for bif-1 
239CH similar to 157A, flower anomaly, phenotypical identical 

to 1201A 
157A reduced penetrance, homozygous fo(bif-2:bif-1 and bif-2 

are two non-linked polimeric genes 
46C early flowering and ripening, reduced penetrance, homo- 

zygous for genes err and bif-1 
Mutants showing a favourable protein situation in former 3~ 

years 
15 
189 
419D 
488B 

4. 
years 
105 

486 
2314 

flower mutant with extremely low fertility 
small greenish flowers, strongly reduced fertility 
narrow leaves 
abnormal leaves: yellow margins at the leaves and stipules 

Mutants showing a negative protein situation in former 

chlorophyll mutant 'chlorina', internode slightly shorten- 
ed, late flowering 
very slight chlorophyll deficiency, 'chlorescens' 
margins of the leavelets undulated 

Cultivation o f  the Experimental Material 

From most of the genotypes under investigation, only a small 

The total nitrogen content of the seeds on the basis of dry weight 
was determined by the Kjeldahl method. Each sample contained 
the seeds of one pod. The protein content was calculated by multi- 
plying the nitrogen value by 6.25. From each genotype of each 
group we entered 5 replications into the Kjeldahl analysis. 

Biometric model 

The biometric analysis was based on the following model: The 
protein content P of the seeds of pod no. 1 from the genotype i 
and row j in year k (k = 1 for 1975 and k = 2 for 1976) can be 
expressed by a multiplicative model of the form 

Pi,j,k,i = NPi,j,k, 1 " (C �9 G i �9 Wi, k �9 Rj, k �9 Ei,j,k, 1) 

where NP means the non-protein content of the seeds' dry weight, 
C is a reference value (expectation of the initial line in row 1, 
year 1), G i is the genotypic effect of mutant i in year 1, Rj, k is the 
environmental effect of row j in year k, which adds to the environ- 
mental conditions of the reference, Wi, k is the interaction of geno- 
type i with year k, and Eij,k,i is the remaining error term. The 
genotypic effect in year 2 is thus expressed by G i �9 W i,2. Before 
entering the analysis, the raw data were transformed by the trans- 
formation 

Yij,k,1 = In ( P i , j , k , l  ) 
NPi,j&,I 

to get an additive model of a variable which was supposed to be 
normally distributed with a common variance: 

Yij,k,1 = In(C) + ln(Gi) + ln(Wi,k) + in(Rj, k) + ln(Eij,k,l) 

= c + gi + Wi,k + rj,k + ei,j,k,l ~ N(c + gi + Wi,k +rj,k, •2 ) 

So we get a three dimensional unbalanced factorial design which 
cannot be analysed by standard ANOVA methods. Therefore, the 
biometric evaluation was done using the theory of the general 
linear model. 

Let m I and m 2 be the number of mutants which have been 
entered into the group under consideration in year 1 and 2, respec- 
tively. As we had 5 rows in both years and five replications within 
each elementary unit (i,j,k), the data vector ~ h a d  been expected 
to contain 25 (ml + m2) pieces of data. Because of single outliers 
and some missing data in groups 3 and 4, the length of ~ was 
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Table 1. Part o f  the design matrix for the transformed protein data of  group 1 
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c g2 g 3  g4 g5 w2,2 w3,2 w4,2 w5,2 r2,1 r3,1 r4,1 rS,l r l ,2  r2,2 r3,2 r4,2 r5,2 

Y I , I , I , s  
(IL, row 1, year 1) 1 O O 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 

YI ,2 ,2 , s  
(IL, row 2, year 2) 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Y2,1,1 ,s  
(M46C, r o w l ,  y e a r l )  1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Y2,3,1,s  
(M 46C, row 3, year 1) 1 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 

Y3,4,2 ,s  
(M 157A, row 4, year 2) 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 

Index s meaning an arbitrary replication number 

reduced. The vector of  expectat ion values is a linear combination 
of  a parameter vector ~ w i t h  10 + m: + m2 elements: 

~ =  (c, g2, -.., gin+ 1, w2,2, ..., Wm 2 + 1,2, r2, 1, "-, rs ,  1, 

r l , 2 ,  ..., r5,2) T. 

We now construct  a design matrix D such that 7 =  D ~ + ~ ,  where-~ 
is the vector o f  error terms. 

Table 1 shows some lines of  the design matrix o f  group 1 (m~ = 
m 2 = 4) to illustrate the way by which it i sbui l t  up. 

A least-squares estimate o f  ~ i s  got by ~ =  (DTD) -l DT '~ ,  and 
the vector of  residuals 7 is calculated by Y = ~ -  D �9 ~. After 
computing ~ and -~ we tested if the model was adequate for our 
data. Provided the model is correct, the distribution of  7" is a 
multivariate normal with expectat ion 6" and variance-covariance 
matrix Q = o 2 [I - D(DTD) -1 DT]. Let C now be an orthonormal 
basis o f  Q. Then we get: 

V ~ N ( D - p ' , o 2 ) = C ' Y ~ N ( - d ' , o  2 " I ) ,  

the dimension of  the second normal distribution being the length 
of  ~ m i n u s  the length of  ~*(Putter 1967). In our test program we 
put C = V ' I /2M,  where M contains the eigenveetors o f  Q and the 
diagonal matrix V, the corresponding eigenvalues. The resulting 
vector C �9 ~" was tested for normality using the method  of  Geb- 
hardt (1966), which is based on the 3 th and 4 th moments.  

This test for global validity of  our model needs a large amount  
of  computer  central storage and computer  CPU-time. Therefore, it 
was performed only with the data of  group 1, which turned out to 
be clearly unsignificant. Besides this we examined each group for 
the occurrence o f  outliers using a test o f  Lund (1975), which is 
based on critical values for the studentized residuals. When the 
model has proved to be adequate and no outliers are present, we 
can get an efficient estimate for a 2 by: b 2 = ~ / ( l e n g t h  ~ - 
length  (-~) .  

In the unbalanced design that we used, the estimates of  (g2, ..., 
gin+l)  and (w2,2, ..., w re+l,2) are not  independent.  As we want- 
ed to investigate both  parameter sets simultaneously, we had to set 
up the null hypothesis: Ho: gi~ = O and wi , ,  2 = O for i s = 2, ..., 
m s + 1. This hypothesis  can be tested in the following manner: let 
Hbe  a matrix with ma +m 2 rows andl (10 + m t  + m 2) columns. Let 
in row r o f  H that  element be 1 that corresponds to gr (if r < mt  ) 

or to Wr_m1,2 (if m I < r < ml + m2). Then we can reformulate 
the null hypothesis as follows: 

Ho: H �9 ~'= b-'. 

If H o is true, then 

1 (H"  ~)T  [H(DTD) - ,  HT]- I  (H" ~)  ~ F d f l , d f  2 
b 2 �9 d f l  

with d f l  = number of  rows of  H = m t + m 2 and 

dr2 = length (-~ - length (-~ = 24 (m~ + m 2 ) - 10 - ~, 

where r is the number of  missing values and outliers. 
So with probability ( l-a),  the vector ~ =  H �9 ~, which is a linear 

combination o f  the true parameters, is within the hyperellipsoid 
given by 

(H" ~ _  q-*)T [H(DTD)-] H T] - ,  (H" ~*- q-*) ~ a 2" d f l "  F1. ~ 

(df l ,  df2) [11 

In our case, the vector ~ consists o f  those elements of  ~which  
are entered into the null hypothesis,  so we get 

~ =  (g2 . . . . .  gm I +1, W2,2 . . . . .  Wm2+l,2).  

Using inequation [1], we can first construct simultaneous confi- 
dence intervals for any number of  linear contrasts o f  the qi, and 
secondly test any subsets o f  the null hypothesis.  
1) Simultaneous confidence intervals for linear contrastS-~sT~'are 
achieved by optimizing-~sT~ ' for ~'remaining on the surface o f  the 
confidence hyperellipsoid given by [1 ]. The restricted extreme val- 
ues Of~sT~are 

min, max (~sTq--~ =~sT~  • 6 ~/dfX �9 F1. ~ (df l ,  df2) .-~sTQE's 

q l [ l l  
with Q = [H(DTD) -~ HT] -a and ~'= H .  ~(Scheff~ 1953) 

2) Let Cs. ~' be a set of  mutually independent  contrasts, for 
which we want to know if any element o f  the confidence hyperel- 
lipsoid fulfils Cs 'q  = O. In practice, the most important  vectors 
formed by C s �9 ~'are (g2 . . . . .  g m l + l )  T, (w2,2 . . . . .  Wm2+l,2) T, 
and (g2 + w2 2, ..-, gm +1 + Wm +1 2) T. In order to solve this 

' 2 2 ^ '  - ^ - 
T : problem, we search the minimum of  ( ~ -  ~ Q- ( ~ -  q-') with the 

restriction Cs  �9 ~ ' : O .  The method  o f  Lagrange multipliers leads 
to: 
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Z W 

1 (~, g')= (-~_~)T Q-, (~q-~') +j--~l (hi .k~ 1 (Cs)j, k �9 qk) 

al w 
w i t h - -  = 2 �9 ~ Q-li, t (q t -q t )  ~ hj (Cs)j,i 

aqi t = l  j = l  

al w 
a n d -  = ~ (Cs) j ,  k �9 Clk 

ahj k = l  

where w = length (-~ and z = number of rows of C s. 

Setting grad 1 = O we get a system of linear equations with a 
symmetric coefficient matrix: 

If (~_~**)T. Q (~_~**) = a '  �9 d f l .  Fb~(dfl ,  df2) 

then there does not exist a vector ~ which fulfils Cs �9 ~ =  0, within 
a confidence-interval based on an error probability < ~. 

(~_~*)T Q (-~_~',) 
So, if > Ft. ~ (dfl, df2) 

b2 . dfl 

we reject the hypothesis: Cj.~ = O, without increasing the error 
probability ~. 

The calculations were performed on the IBM 370/168 of the 
computing centre at the University of Bonn. For constructing the 
design matrix we used a symbol processing program (Quednau 
1978) based on the computer language PL/I-FORMAC (IBM-Corp 
1967). The numerical evaluation of the analysis followed Wottawa 
(1974). 

The biometriclmodel only was applicable to protein percent- 
age. Yielding values were given as average values without any 
statistical calculations. 

Results 

The protein content  o f  18 genotypes was analysed by  the 
Kjeldahl m e t h o d .  These genotypes were chosen under dif- 
ferent aspects: genotypes o f  group 1 (4 bifurcated geno- 
types) and o f  group 2 (6 fasciated genotypes) were of  
some importance because of  the good yield o f  most  of  
them. This favourable character makes them interesting 

for plant breeding. An additional improvement in protein 
content  would be o f  an extraordinary importance; in such 
a case the nutri t ional value of  the plant would be in- 
creased. But if  - on the other hand - the protein content  
of  the seeds remains unchanged, the protein product ion 
per plant  is nevertheless improved because o f  the higher 
yield. Genotypes of  groups 3 and 4 were chosen because 
in former investigations we found that  clear differences 
between them and the initial line exist. 

The material was cultivated in two vegetation periods. 
In 1975, we had a normal spring and summer; that is, 
plants had sufficient rain and temperatures were in the 
range of  18 to 25 ~ C. In 1976, the weather was com- 
pletely unusual for our region: temperatures exceeding 
30 ~ C and no rain over a long period. We expected these 
two different vegetation periods to have influenced the 
seed protein content  and lead to diverse values. 

In Table 2, results o f  the tests for genotypic effects in 
both  the years and the three subtests for genotypic effects 
in year 1975 and year 1976 separately, as well as for 
genotype-year-interaction are indicated. Figures 1-4 show 
the 5%-confidence intervals for the non-logarithmic geno- 

typic effects G i and Gi,W/i. 2. Within the intervals the 
value of  exp (gi) or  exp (~i + g'i,2), respectively is indi- 
cated. The genotype symbols are marked by  +, ++, +++ if 
the confidence interval for the respective G i with error 
probabi l i ty  a = 0.05, 0.01 or 0.001 did not  contain 1, so 
that  a significant deviance o f  the mutant  from the initial 
line in year 1975 has been proved. I f  for two mutants  i 
and j o f  the same group the confidence interval for Gi/Gj 
did not  contain 1, the mutant  symbols are linked by a line 
which is marked by the respective cross symbol. This 
means that  mutants  i and j differ significantly from each 
other in year  1975. 

For  year 1976, no significant confidence intervals were 
found. 

The practical meaning o f  a parameter  Ai, which may 
be G i or Gi.Wi,2, is as follows: a pod o f  mutant  i is 
expected to produce Ai-times the seed protein quanti ty of  

Table 2. Results of tests of hypotheses 

Group 1 Group 2 Group 3 Group 4 

d.f. 8,232 12,326 6,175 6,183 

F-value 

for Ho: ~ = 5. ~ -- ~ 8.91 +++ 8.27 +++ 11.78 +§ 17.41 +§ 

F-value 

for Ho': ~ = 6 6.78 +++ 6.80 +++ 10.77 +++ 17.28 +++ 

F-value 
for Ho": ~' + ~ = c~ 2.12 + 1.46- 1.01 - 0.13- 

F-value 
for Ho'": ~r = 6 2.56 + 1.40- 1.11- 8.21 +++ 
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1,30 - 

1 ,20  - 

j 1,10 - 

1,00 - 

] , 9 0  - 

] ,80  - 

) , 70  - 

g e n o t y p e  e f f e c t s  i n 1 9 7 5 o n d 1 9 7 6  

r -  r -  r -  r - "  

I d i f f e r e n c e s  b e t w e e n  t h e  

y ~ r s  1975  o n d  1 9 7 6  

--- i--~i--- 

r '- * r -  r  r 

F i g .  1. 5%-confidence intervals for the non-logarithmic genotypic 
effects and genotype-year interactions, group 1 (bifurcated mu- 
tants). Light columns correspond to 1975, dark columns to 1976. 
Significant deviances from initial line are marked by crosses, sig- 
nificant differences between mutants by lines linking the appro- 
priate symbols 

a pod of the initial line with the same non-protein content 
of the seeds grown under the same environmental condi- 
tions. When we want to express the ratio R of the protein 
percentage of mutant i and initial line by the parameter 
Ai, we make use of the formula: 

Pi PIL Ai " PIL PIL +NP 
Ri = : - -  - 

Pi + NP PIL + NP Ai " PIL + NP PIE 

I-~ii Q "i'll -1 = 1 . ( 1 -  1--~" ) +  

where Q means the protein percentage of the initial line at 
a given environment. If for instance A i = 1.2, then for Q = 
20% we have R = 1.15 and for Q = 30% we have R=  1.13. 
From A i = 1 of course results R i = 1, independent from Q. 

Considering all genotypes, 4 mutants with significantly 
improved protein percentage were found in 1975 (Figs. 1- 
4, light columns): mutant 157A (Fig. 1) and mutants 15, 
189, and 419 (Fig. 3). For the values for 1976 (Figs. I-4, 
dark columns) (seeds of mutants 15 and 189 were eaten 
by birds before germination) these differences between 
mutated genotype and initial line could not be found, 
though in mutant 157A the value is only slightly below 
significance (Fig. 1, dark column) and the subtest for ge- 
notypic effects in 1976 is significant for group 1 (Table 2, 
third line). 

9 e n o t y p e  e f f e c t s  in  1 9 7 5  n n d  1 9 7 6  

1,60 - 

I ,SO - 

1,40 - 

' .t.e,~ 

1 ,30 - 

1 ,20 - 

I , I 0  - 

L O 0  . . . . .  

3 , 9 0  - 
i 

0 , 90  - 

D , 7 0  - 

oo 

0 , 6 0  - 

�9 . : . : .  . -  : ~  

f -  r -  r r -  r ~ r -  

d i f f e r e n c e s  b e t w e e n  t h e  y e o r s  

1975  a n d  1 9 7 6  

r -  I--  I--  F"  F"  f "  

Fig. 2. 5%-confidence intervals for the non-logarithmic genotypic effects and genotype-year interactions, group 2 (fasciated mutants). 
Light columns correspond to 1975, dark columns to 1976. Significant deviances from initial line are marked by crosses, significant 
differences between mutants by lines linking the appropriate symbols 
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A significant negative deviation from the values of the 
initial line is found in genotypes 486 (Fig. 4) and 176X 
and 251A (Fig. 2) for the year 1975; in the second year 
these genotypes behave as the initial line did. All the other 
genotypes show no significant differences from the initial 
line neither in 1975 nor in 1976. 

An interaction of genotypic and year effects was found 
in groups 1 and 4 (Table 2, last line). Within group 4 the 
high value of the interaction is mostly due to mutant 486 
which behaves significantly different in the two years 
(Fig. 4, right part). As for group 1, we cannot say which 
of the mutants is responsible for the significant inter- 
action effect. 

To clear up the results presented in figures 1,4, the 
protein values (% protein per seed meal) of all genotypes 
are summarized in Fig. 5. The last 4 mutants (157, 419, 
15, 189) of the left group and the first three genotypes 
(176X, 251A, 486) of the right group are significantly 
different from the initial line in 1975. The genotypes with 
improved protein content exhibit values which are about 
3-4% higher in protein content (28.6, 28.8, 28.9, 29.2) 
than the initial line (25.5). The negative protein values 
(21.6, 21.7, 22.5) show the same range: 3-4% reduction in 
protein content. In 1976 no differences between the ini- 
tial line and the mutated genotypes could be proven, as 
has already been mentioned. Protein values were more 
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Fig. 3. 5%-confidence intervals for the nonqogarithmic genotypic 
effects and genotype-year interactions, group 3. 
Light columns correspond to 1975, dark columns to 1976. Signifi- 
cant deviances from initial line are marked by crosses, significant 
differences between mutants by lines linking the appropriate 
symbols 

1./.0 - 

1,30 - 

1,20 - 

1,10 - 

1 .00 - 

0 ,90 - 

0 ,80 - 

0 .70 - 

g e n o t y p e  e f f e c t s  

i n  1 9 7 5  a n d  1976  

, .~  
r - -  - -  - -  i 

r ~ r 

di f ferences be tween  

the y e a r s  1975 o n d  1976  

i ,~176 , 
i .~176 

r r 

Fig. 4. 5%-confidence intervals for the non-logarithmic genotypic 
effects and genotype-year interactions, group 4. 
Light columns correspond to 1975, dark columns to 1976. Signifi- 
cant deviances from initial line are marked by crosses, significant 
differences between mutants by lines linking the appropriate 
symbols 
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Fig. 5. Protein content per seed meal of  18 genotypes; value of  1975: dark column, value of  1976: light column 
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stable in 1976. Apparently the dry and hot climate of 
1976 nullified the differences between mutants and be- 
tween mutants and the initial line. Considering Figure 5 as 
a whole, we find that mutants with a high protein content 
(26-29%) in the first year, produced a similar high one in 
the second vegetation period. But in those cases where 
protein content ranged between 21 and 24% in 1975, the 
value is improved by about 5% in 1976. 

The value 'protein content' as such is not of much 
importance in plant breeding. Here, the combination of 
yield (seeds per plant), kernel size and, in addition, the 
protein content, is of interest. This is why we calculated 
the protein production per plant for the genotypes analy- 
sed in the course of this work. Figure 6 represents these 
results; the values are related to the initial line. 

The genotypes can be combined to two groups. 
Group 1: protein yield is the same in botll the years or is 
slightly higher in the second one. None of these values 
reach those of the initial line in both the years. An im- 
proved protein percentage was found in mutant419 
(Fig. 5) but as the yield was strongly reduced in this mu- 
tant (Fig. 7), the protein yield is low. The protein percent- 
age of the genotypes 176X, 123, 1201A, and 239CH is 

lower than that of the initial line in 1975 (Fig. 5), and 
though their yield improved (Fig. 7), the protein produc- 
tion was lower than in the initial line. In the second year 
the protein percentage of all these mutants improved con- 
siderably (Fig. 5). But combined to this either the yield or 
the kernel size is reduced. This results in a similar value 
for protein yield as in 1975 (Fig. 6). 

Group 2 (Fig. 6, right part) shows clear differences in 
protein yield between the years for all the mutants. In the 
first 8 genotypes the protein yield is higher in the second 
year, while in the last one (mutant 489C) this value is 

reduced. In 1975, the protein production of all mutants, 
except of mutant 48912 and perhaps mutant 251A, was 
less to that of the initial line due to a reduced yield (in 
mutants 12C, 486, 46C, 157A, 2314 - Fig. 7), a reduced 
kernel size (in mutants 12C, 105, 123) or a reduced pro- 
tein content (in mutants 486, 2797). The reduced protein 
percentage of mutant 251A and 489C (Fig. 5) is com- 
pensated by an extraordinary high yield in this year 
(Fig. 7). 

In the second year (1976), the protein production of 
the 8 mutants 12C-251A (Fig. 6, right part) is clearly bet- 
ter than in the preceeding year and with the mutants 486, 
157A, 2797, 2314, and 251A the protein production is 
higher than with the initial line in the same year (Fig. 6). 
These high values are either due to the improved protein 
percentage or to an increased yield; in mutant 251A and 
486 both these factors interact resulting in an extraordi- 
nary high protein yield. In contrast to these genotypes, 
mutant 489C shows a reverse behaviour: Protein yield is 
reduced in the second year (Fig. 6). Though the protein 
percentage is high in this vegetation period, a strongly 
reduced yield (Fig. 7) leads to the reduction in protein 
yield. 

Preferently, mutants are compared to their initial line 
but in some cases it is of interest to compare them to each 
other. In Figure 1-4, mutants that differ from each other 
are joined by a line. With mutants of group 4 (Fig. 4) 
protein values are similar to each other, while in group 3 
(Fig. 3) the protein value of mutant 486 is def'mitely dif- 
ferent from the two other genotypes. As to genotypes in 
group 2, we see from Figure 2 that mutant 12C clearly 
can be distinguished from mutants 2797 and 251A con- 
cerning protein percentage. The mutants 157A, 239CH, 
and 1201A, which belong to group 1, are bifurcated and 

1,88 /,19 17SX 123 1201A 23gCH 
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12C /,86 /,6C 157A 279"/ 105 231/, 251/4 
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Fig. 6. Protein production per plant of  15 mutated genotypes, values related to those of  the initial line. 
Value of  1975: dark column, value of  1976: light column 
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phenotypically very similar. From penetrance data it had 
been concluded that the respective genes are not identical 
(Gottschalk and Chert 1969, Gottschalk 1978). Our in- 
vestigations point in the same direction. The protein value 
of 157A is significantly higher than both the values of 

1201A and 239CH (Fig. 1). This means that mutant 157A 
is definitely different from 239CH and 1201A but we 
cannot decide whether 239CH and 1201A are identical or 
different in this connection. 

The differences between the mutants are found only in 
the first year of  investigation; in the second one no such 
differences exist between the mutants. 

Discussion 

Quantitative characters - such as seed protein content - 
show continuous distribution, the differences between 
mutant lines and between mutants and their initial line 
might be small and overimposed due to environmental 
interactions. 

In former papers on seed protein content of  our mu- 
tants, difficulties arose with the delimitation of mutants 
in connection with seed protein content. The most inter- 
esting mutant 489C, was a good example for these diffi- 
culties. In 1973, seed protein values were published (M~il- 
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Fig. 7. Protein content per seed meal of 16 genotypes in 1975 (dark column) and 1976 0ight column; upper part) and yield, seeds per 
plant, in the same years 0ower part) 
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ler and Gottschalk 1973), which exceeded those of the 
initial line by about 20%, considering samples of  1969, 
1970, and 1971. Examinations of this material in other 
years yielded different values: 88.4-109% (Gottschalk et 
al. 1975). In other words, we did not know whether this 
mutant was better or similar to the initial line or not. In 
all these cases, an average value of the corresponding geno- 
type and year was the basis of  this comparison, without 
taking into account the variation range of the protein per- 
centage. Applying this method, differences between the 
genotypes, especially if they are small, are uncertain and 
cannot be verified. By using the biometric model de- 
scribed, we clearly can calculate the differences between 
the mutants. The presupposition for these calculations is 
the use of as many single values as possible, instead of 
averages. The preparation of these values - especially on 
the basis of protein estimation - is connected with a big 
consumption of time and work. In our case 25 values for 
each genotype per year were used. Under certain circum- 
stances - as, for example, in our case with interactions of 
genotypic and year effects - a greater quantity of single 
values turned out to be necessary to get confidence inter- 
vals short enough to make a satisfying statement. This is 
why in plant and mutation breeding programs this method 
might not be practicable. In those cases the usual method 
using average samples and, as a result of  this, average pro- 
tein values, should be used as before. But after having 
selected some interesting mutants, the use of the de- 
scribed biometric computations might give an exact and 
reliable method to decide on the usefulness of  a specific 
mutant. In this connection the amount of work and time 
seems worthwhile. 

Considering the mutants as a whole, our results show 
that the genotypes react differently under various weather 
conditions. In 1975, the protein content of some of the 
mutants varies clearly from the corresponding values of 
the initial line. Environmental influences can be excluded 
as reason for these differences, therefore they must be 
genetically caused. 

Apart from some genotypes we fred a loose correlation 
between yield and protein content. A high yield is com- 
bined to a low protein value, and reverse. Similar findings 
were published earlier (Wolff 1975) and were found in 
other material, too (Kushihuchi et al. 1974; Scholz 1975; 
Narahari et al. 1976). In those cases the protein content 
directly might be dependent on yield. The mutated gene 
influences yield, and alterations of  protein content are a 
secondary effect. It is supposed that protein, on the 
whole, is quantitatively changed. Unequal alterations and 
qualitative deviations of single fractions can be excluded 
as the protein-bound amino acid composition is com- 
pletely unchanged in seeds of  all genotypes mentioned in 
this paper (Wolff unpublished). Three genotypes escape 
this correlation: mutants 157A, 105 and 486. The first 

two mutants show a good yield, similar to that of  the 
initial line, and combined to this, good protein values. 
With the third mutant a rather bad protein percentage is 
found, while the yield likewise is bad. This finding is so 
far of importance as many authors are convinced that the 
negative correlation between protein content and yield 
cannot be broken. Further investigations will be made 
into this problem. 

Concerning protein content, the findings of 1976 are 
very surprising. None of the differences found in the pre- 
ceding year occurred in this vegetation period. The uni- 
formity of  the protein values is astonishing. All values are 
increased and range about 27% protein per seed meal. This 
means that genotypes with a usually reduced protein con- 
tent in seeds (23%) are improved considerably under ex- 
treme climatic conditions while mutants with a good pro- 
tein situation are only slightly improved or not at all. It 
might have been possible that the increased protein con- 
tent was due to a reduced yield in this extreme year, in a 
similar way as was discussed for values of  1975. But this 
we could not find. This might be another example that 
correlation between yield and protein percentage is not a 
strong rule. Mutants489C, 239CH and 123 excluded, 
yield in 1976 increased or was similar to the values of 
1975. Different reasons must be under discussion for this 
behaviour. The finding that yield in the second year 
(1976) was generally similar to that of  1975 was not ex- 
pected. The dry and hot weather of  1976 was very un- 
usual to our region and might have had a negative effect 
on a pea variety adapted to our temperate region. This 
behaviour might be explained with the origin of pisum. 
The Near East, including areas of  Central Asia, the Medi- 
terranian region and Abyssinia are supposed to be the 
home of peas. These regions, in general, are hot and dry. 
Apparently our pea variety is still adapted to such a cli- 
mate: concerning yield, our peas produce the same quan- 
tity of  seeds per plant under moderate as weU as under 
extremely warm conditions. Apart from this general be- 
haviour single mutants exist that seem to have lost this 
adaptability to both climates: Mutants 489C, 239CH and 
123 showed better values in the cool and rainy year, while 
with mutants 12C, 486, and 157A better values are ob- 
tained in the dry and hot one. Apparently under influence 
of mutated genes, the adaptability of a genotype to 
various climatic conditions can be changed. 

Concerning protein percentage, mutants showed uni- 
formly good values under the hot and dry conditions of  
the second year. Genetically caused differences did not 
appear. One group of mutants (Fig. 5, left) showed a 
broad adaptability, and in 1975 as well as in 1976, good 
protein values are available. In the second group (Fig. 5, 
right), on the other hand, the cool climate reduced pro- 
tein output, and only under the warm conditions are the 
values more or less good. In connection with this trait, 
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these mutan t s  are n o t  adapted to  our  t empera te  cl imate.  

The result  is an improvemen t  o f  prote in  yield in a con- 

siderable number  o f  mutan t s  in the second year.  
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