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Peroxidase Activity in Linum usitatissimum L. 

H.  TYSON 

Genet ics  D e p a r t m e n t ,  McGil l  Un ive r s i ty ,  Mont rea l  (Canada)  

Summary. Crosses were made, in all combinations, between 2 parenta l  genotypes of Linum and their  reciprocal F 1 
hybrids.  The parents  and progeny obtained were grown in controlled environmental  conditions and sampled at  35 
and 70 days after germination to determine, on an individual  p lant  basis, to ta l  p lant  fresh weight and peroxidase acti-  
v i ty  of main stem tissue. Peroxidase ac t iv i ty  required t ransformat ion to  a log~0 scale, whereas the  original linear scale 
was sat isfactory for p lant  weight. There was no correlation between p lan t  weight and corresponding peroxidase act ivi ty.  
Pronounced heterosis appeared in the F~'s for both  characters a t  sample 1, bu t  this heterosis had declined at  sample 2 
and in the  F,'s. Heterosis operated in a posit ive direction for p lan t  weight and in a negative direction for peroxidase 
act ivi ty.  No consistent differences were found amongst  the variances of segregating or non-segregating generations for 
either character.  

x. In troduct ion  

The  occurrence  and  a c t i v i t y  of pe rox idase  have  
been  i n v e s t i g a t e d  in a wide v a r i e t y  of p lan ts .  I t s  
precise  role is no t  clear,  a l t hough  i t  has  been  imp l i ca t -  
ed in the  indole-ace t ic  ac id  ox idase  sys tem,  the  ac t i -  
v i t y  of which  was shown b y  Ga l s ton  and  Da lbe rg  
(t954) to  be  inve r se ly  co r re l a t ed  wi th  growth .  I t  
m a y  thus  r egu la t e  g rowth  b y  cont ro l l ing  the  level  of 
indole -ace t ic  a c id  wi th in  the  p lan t .  I n  Linum usitatissi- 
mum L. wide  differences in m o r p h o l o g y  m a y  be ob-  
se rved  be tween  d i f ferent  g e n o t y p e s  (Di l lman a n d  
Br insmade ,  t938),  a n d  also be tween  d i f ferent  geno-  
t r ophs  (Dur ran t ,  t962).  This  morpho log ica l  va r i a t i on  
concerns  in p a r t i c u l a r  t he  n u m b e r  a n d  size of the  
b a s a l  b r a n c h e s  p r o d u c e d  f rom the  axi ls  of t he  co ty -  
ledons.  

Using  con t ro l l ed  e n v i r o n m e n t a l  condi t ions ,  two 
Linum geno types  which  dif fered m a r k e d l y  f rom one 
ano the r  in degree  of basa l  b r a n c h i n g  were examined ,  
t oge the r  wi th  the i r  F 1 hybr ids ,  for  pe rox idase  ac t iv i ty .  
D i s t inc t  differences were found  be tween  the  pe rox id -  
ase ac t iv i t ies  of m a i n  s tem t issue of the  two p a r e n t a l  
genotypes ,  and  these  differences were m a i n t a i n e d  
cons i s t en t ly  t h r o u g h o u t  the  growing pe r iod  (Tyson,  
t 969). Us ing  s imi lar  e n v i r o n m e n t a l  condi t ions ,  these  
two p a r e n t a l  geno types  and  the  comple te  set  of t he i r  
Fl's, F2's a n d  f irst  backcross  p r o g e n y  were grown and  
as sayed  for pe rox idase  a t  two s tages  dur ing  the  grow- 
ing per iod.  Al l  m e a s u r e m e n t s  were m a d e  on an indi-  
v idua l  p l a n t  basis .  

2. Materials  and M e t h o d s  

The 2 genotypes of Linum usitatissimum L. used were 
the cult ivars Royal  (R) and Mandarin (M). After  2 gene- 
rations in the  greenhouse, during which normal complete 
self poll ination took place, a number of p lant  progenies 
were obtained ; a single p lant  progeny from each genotype 
provided the parenta l  p lants  for the initial  crosses. Cros- 
ses between and within the  2 genotypes were made in the  

field; the technique and conditions have been described 
b y  Tyson (1969). F rom the seed produced, plants  of the  
2 parental  genotypes and their  reciprocal F 1 hybr ids  
were raised in a growth chamber, for which the tempera-  
ture, humid i ty  and dayl~ngth conditions were also des- 
cribed in the reference above. In  the growth chamber the 
parenta l  genotypes and their  Fx's were then crossed in all 
possible combinations. The progeny of this second set of 
crosses contained the parental  genotypes again, as well as 
the Fx's, and, in addition, the  F2's and first backcrosses. 
The complete set of 16 types  of progeny is shown in 
table  1. 

These 16 types  of progeny were subsequently grown in 
the growth chamber under the  same temperature,  humi- 
d i ty  and daylength conditions as before, and were arrang- 
ed in a 3 replicate randomised block design. Individual  
p lants  of types  t 1, ! 2, 13 �9 �9 �9 44 were placed a t  random 
within the area of each replicate. Each replicate contain- 
ed 8 plants  each of types  1t and 44, 4 plants  each of t4  
and 41, and 9 p lants  each of all the remaining (twelve) 
types. The plants  were removed for assay of peroxidase 
ac t iv i ty  35 days after germination. A second sample, 
containing the same numbers of each of the 16 types  of 
progeny, was set up in the  growth chamber, using the 
same kind of design as in the first sample, and harvested 
70 days after germination. Similar soil was used for both  
samples; the  rat io of soil to peat  moss to sand (3:2:1) 
was identical for both  samples, as was the volume of soil 
used per plant .  In  the previous experiment (Tyson, 1969) 
the  soil volume used per p lant  during the second half of 
the  growing period was approximate ly  50% greater than 
i t  was for either sample of the experiment described here. 
At  sampling the plants  were cut  a t  soil level and the fresh 
weights were recorded on an individual  p lant  basis, as 
were measurements of  peroxidase ac t iv i ty  made later.  

In  preparing individual  p lants  for assay of peroxidase 
act ivi ty,  leaves were removed from the main (centre) 
stems, which were then homogenised in distilled water  
using a I : 20 weight rat io  of-stem mater ia l  to water.  The 
par t  of the main stem used for homogenisation extended 
from just  above the cotyledons to just  below the apical 
bud. Dialysis against  distilled water  was carried out  
following homogenisation. Because of very  high per- 
oxidase activit ies in the second sample (70 days), i t  
was found necessary to dilute these homogenates further 
in a rat io of t :9 with distilled water.  The collection, 
preparation,  dialysis and storage of the samples were 
otherwise as described by  Tyson and Jui  (t957). The 
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technique for measuring pero- 
xidase activity, in which the 
rate of oxidation of guaiacol 
following the addition of 
substrate was tracked spec- 
trophotometrically at  a wa- 
velength of 470 vtm, was also 
the same in all essential 
details. The readings of per- 
cent transmission during the 
reaction were obtained on a 
Zeiss PMQ t I spectrophoto- Female 1 
meter equipped with an auto- parents : 
matic cell changer and recor- 2 
der. Peroxidase activities 3 
were expressed as the rates of 4 
increase in optical density 
(O.D.) per minute per unit of 
fresh weight through the calculation of the linear regres- 
sions of O.D. on time. 

Table 1. Key to products of  crosses in all combinations between parental and F a genotypes 

3. R e s u l t s  

There were two characters  for s tudy,  namely,  to ta l  
p lant  weight  and  peroxidase ac t iv i ty ;  bo th  charac-  
ters displayed cont inuous  variat ion.  The examina t ion  
of the da t a  was divided into three stages, as follows: 
(a) the choice of the most  appropr ia te  scale for each 
character ,  (b) the  relationship between to ta l  plant  
weight  and peroxidase act ivi ty,  and (c) the analysis 
of var iance for each character .  

(a) In  the choice of scale, the procedure used with 
to ta l  p lant  weight  da ta  will be out l ined;  an essentially 
similar procedure was used for peroxidase act ivi ty.  
To check the sui tabi l i ty of the scale f rom the point  
of view of the criteria pu t  forward b y  Mather  (1949), 
means  and  variances were first calculated for all the  
types,  t I to  44, in each repli- 
cate for each sample. There  
were, therefore,  16 x 3 x 2 = 9 6  
means  and  the same number  
of var iances;  t hey  will be re- 
ferred to  as the  wi th in- type  
means  and  the  wi th in- type  
variances.  I n  order to deter-  
mine whether  a ny  correlat ion 
existed between them, an ana- 
lysis of covar iance was carried 
out.  The result  of this ana- 
lysis is shown in table 2; the 
value of the  correlat ion coeffi- 
cient, r, found  in the error 
(GSR) line was not  significant. 
Remova l  of the segregat ing 
generat ions  and recalculat ion 
of the covariance analysis yiel- 
ded the same result. Detailed 
examina t ion  of the means and 
var iances is deferred;  at  this 
point  it m a y  be noted  that ,  for 
the means,  (x), there was a sig- 
nif icant  in terac t ion between 
genotypes  and samples (GS). 
The covar iance analyses were, 

Genotype : Code number: 

R x R = parent 1 
R •  1 
M •  = F ~  
M • M = p a r e n t 2  

Male parents : 
t 2 3 

11 t2 13 t4 

21 22 23 24 
31 32 33 34 
4t 42 43 44 

t 
2 
3 
4 
In  the progeny of t to 4 crossed in all 
combinations : 
11 and 44 = parental genotypes R 
and M 
t4 and 41 = F~'s 
22, 23, 32, 33 = F,'s 
12, t3, 21, 3t = backcrosses to R 
24, 34, 42, 43 = backcrosses to M 

accordingly,  carried out  within each of the samples;  
in bo th  analyses the segregating generat ions were 
excluded. The results are shown in table 2, and, as 
with the first analysis including all generat ion and 
bo th  samples, gave no evidence in the error lines of 
correlation. There was no indication, therefore,  f rom 
this approach  tha t  the scale used for tota l  plant  weight  
was unsuitable.  

All the covariance analyses showed that ,  among  the  
genotypes,  there were no significant differences in 
variances.  This finding, obta ined  from the analysis 
of var iance of variances (y), was suppor ted  b y  tests 
of the homogene i ty  of the variances of non-segregat-  
ing generations,  carried out  with Bar t l e t t ' s  (1937) 
method.  The Z" values calculated for da t a  of each 
replicate in each sample were all non-significant  at  
P 0.05. 

Table 2. Analysis of covariance on within-type means (x) and within-type variances (y) 
from total plant weight data 

Sums of squares and cross products 
Correlation 

Item x x y y d] coefficient, r 

Genotype (G) 93.10856 70.85174 973.06460 15 
Sample (s) 3998.32042 5462.18692 7462.00473 1 
Replicate (R) 75.31436 64.22524 76.77779 2 
GS interaction 46.01235 74.35146 1035.73662 15 
GR interaction 30.05778 --35.19551 2582.46826 30 
S R  interaction 42.22032 49.74285 65.81747 2 
GSRin terac t ion  36.51544 23.11143 2479.20274 30 0.08 

Analysis of covariance on within-type means (x) and within-type variances (y) from 
total plant weight data; analysis carried out within each sample using non-segregating 

parental and F 1 generations only 

Correlation 
Item x x y y d] coefficient, r 

Genotype t6.05090 --6.77534 5.88809 3 
Replicate 1.70322 t.17558 0.96740 2 
Error  1.30098 1.37789 10.29954 6 0.38 

Genotype 84.79320 t87.42050 682.39150 3 
Replicate 7.78687 55.20927 467.73662 2 
Error 9.18960 3.68747 t770.39198 6 �9 0.03 
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A second approach  to  scaling lay  in the Comparison 
of observed and calculated _F 2 and backcross  gene- 
ra t ion means.  Using the parenta l  and F 1 means  
within each replicate of each sample, the expected 

backcross means were calculated from t /2  (/~ + / ~ )  

and t /2  (if2 + fix), while the expected F ,  was obtain-  
ed from 1/4 ( 2 / ~  + ffl + P,).  The da ta  for these 
generations,  averaged over.replicates within samples, 
are shown in table 3, together  with their  s t andard  
errors. The s t andard  errors were obta ined from 

Table 3. Generation means, and their standard errors, within each sample for total plant 
weight data 

Sample ! Means: 3.94 3.96 6.23 5.40 5.84 5.26 
St. errors: -t-0.32 4-0.4t 4-0.18 -t-0.16 4-0.t8 -t-o.t8 

Sample 2 Means 14.33 20.07 20.36 18.61 t8.03 17.81 
St. errors: 4-0.67 -t-0.24 4-0.61 4-0.35 4-0.32 4-0.53 

Generation means, and their standard errors, within each sample. Total plant weight data 
transformed to log :to values 

Sample f Means: 0.559 0.553 0.783 0.711 0.750 0.693 
St. errors: -4-0.037 -4-0.044 4-0.0t4 4-0.0t5 4-0.013 4-0.018 

Sample 2 Means: 1.139 1.290 t.295 t.254 t.243 1.229 
St. errors: -4-0.024 4-0.011 4-0.0t3 4-0.009 • 4-0.0t4 

Differences between calculated and observed generation means, within each sample, for 
total plant weight data 

Sample  I Sample  2 df 

A = 2---Bx -- P-] -- fix = 1.51, t = 2.94* = t.37, t = t.23 l0 
B = 2 B 2 -- /~ -- /~ = 0.33, t = 0.57 = 4.81, t = 3.86** t0 
C = 4 F2 - -  2 F:t - -  Pa  - -  P2 = 1.24, t = t . 3 9  = 0.68,  t = 0 .34  t 2  

Differences between calculated and observed generation means, within each sample. Total 
plant weight data transformed to loglo values 

Sample I Sample 2 d] 

=0.158 ,  t = 3 . 3 4 " *  
= 0.050, t = 0.85 
=0 .166 ,  t =  t.89 

= 0 .052,  t = 1 .59 10 

= 0.127, t = 3.88** t0 
~0 .003 ,  t = 0 . 0 6  12 

A = 2 B 1 - -  / ~ - -  / ~ 

C = 4 F , - -  2 F  1 -  -Pl--  -P, 

* Significant at probability 0.05. -- ** Significant at probability 0.0l 

Table 4. Analysis of covariance on within-type means (x) and within-type variances (y) from 
peroxidase activity data 

Item x x y y d/ Correlation 
coefficient, r 

GSR 0 . 0 0 6 0 1 0 3 7  0 .00013713  0 . 0 0 0 0 1 1 5 6  30 0 .52*  

Analysis of  covariance on within-type means (x) and within-type variances (y) from peroxidase 
activity data transformed to loglo values 

I t e m  x x y y d/ Correla t ion 
coefficient,  r 

analyses of var iance utilis- 
ing the  3 replicates within 
samples. For  example,  
the  F 2 generat ion within a 
sample supplied t 2 means ;  
these m a y  be symbolised 
in terms of the  table t key  
as follows, with the initial 
subscript  representing re- 
pl icate:  

Xl~ X,~ Xm.. .  Xm 
Xm Xl:.~ X~,. . .  X~.  

Replicate  as well as recipro- 
cal effects were removed  in 
the analysis of var iance 
and the error mean  square 
provided the  appropr ia te  
s t anda rd  error for the /72 
mean.  Other  generat ions 
were t rea ted  in a similar 
manner .  The differences 
between expected and ob- 
served means  represented 
Na the r ' s  (t949) quant i -  
ties A,  B and C. These 
differences are shown in 
table 3, where it can he 
seen tha t  one backcross in 
each sample depar ted  signi- 
f icant ly  f rom expectat ion.  
The differences between 
the A, B and C values in 
sample t and the corre- 
sponding values in sample 2 

Genotype (G) 0.70856868 --0.00674215 0.00O60050 15 
S a m p l e  (S) 3 . 1 2 1 3 3 5 4 4  - - 0 . 0 8 1 8 9 6 3 1  0 . 0 0 2 1 4 8 7 6  1 
R e p l i c a t e  (R) 0 . 02427613  - - 0 . 0 0 1 0 3 2 4 9  0 .00009411  2 
GS 0.10781760 0.00214778 0.o0140586 15 
GR 0.18349814 --0.00711379 0.00211119 30 
SR 0.oo707334 --0.00oo958t 0.0ooo1504 2 
GSR 0.13207950 o.oo313154 0.00213o19 3o 0.19  

* Signif icant  a t  p robab i l i ty  0.05. 
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were  also e x a m i n e d ;  these  dif ferences  a n d  the i r  
s t a n d a r d  er rors  a re  shown be low:  

A t - -  A 2 = 0 A 4  4- t . 2 2 :  n o t  s ign i f i can t  
B 1 - -  B ,  = 5A4 + t . 37 :  s ign i f ican t  a t  P 0.005 
C a - -  C, ~ t .92 + 2A8 :  no t  s i g n i f i c a n t .  

F r o m  th is  second a p p r o a c h  the re  was some sugges-  
t ion  t h a t  t he  scale,  insofar  as t he  r e m o v a l  of non-  
allelic i n t e r ac t i on  was  concerned ,  was no t  en t i r e ly  
su i tab le ,  and  t h a t  t he  two  samples  needed,  in fact ,  
d i f fe ren t  scales. 

The  effect  of a log a0 t r a n s f o r m a t i o n  of the  or iginal ,  
i n d i v i d u a l  weights ,  a n d  re -ca lcu la t ion  of t he  wi th in -  
t y p e  means  and  var iances ,  on the  va lues  of A,  B a n d  
C was  e x a m i n e d ;  the  resul t s  are  shown in t a b l e  3. 
This  change  of scale d id  n o t  r emove  the  p rev ious  
d iscrepancies  be tween  obse rved  a n d  expec t ed  gene-  
r a t i on  m e a n s ;  a t  the  same t ime,  an  ana lys i s  of covar i -  
ance of the  t y p e  in t ab l e  2 showed,  aga in ,  no signifi-  
can t  cor re la t ion  be tween  means  a n d  var iances .  Since 
the  log~0 t r a n s f o r m a t i o n  y ie lded  no i m p r o v e m e n t ,  
a more  complex  scale change  would  have  to  be  envi-  
s ioned to  r emove  non-al le l ic  i n t e r a c t i o n  in these  
da ta .  However ,  th is  t y p e  of d i s t u r b a n c e  was,  a t  
wors t ,  no t  p ronounced  in t he  t o t a l  p l a n t  weight  da t a ,  

and  the  or ig inal  l inear  scale was e m p l o y e d  for t he i r  
fu r the r  ana lys is .  

The  d a t a  on p e r o x i d a s e ~ a c t i v i t y  pe r  ind iv idua l ,  
expressed  in t e r m s  of the  s lopes of l inear  regress ions  
of op t ica l  d e n s i t y  on t ime,  were t r e a t e d  in essen t ia l ly  
the  same  w a y  as those  for t o t a l  p l a n t  weight .  The  
d a t a  were f irst  e x a m i n e d  wi th  an  ana lys i s  of covar i -  
ance to  de t e rmine  w h e t h e r  the  w i t h i n - t y p e  means  a n d  
va r iances  were co r re l a t ed ;  th is  was done b o t h  for the  
' r aw '  d a t a  as well  as the  t r a n s f o r m e d  (logao) da t a .  
The  resul t s  a re  shown in t ab l e  4. T r a n s f o r m a t i o n  to  
a logm0 scale e f fec t ive ly  r e m o v e d  the  h igh ly  s igni f icant  
cor re la t ion  p resen t  in the  ana lys i s  of the  raw d a t a ,  
a f inding  which  was in ag reemen t  wi th  t he  resul t s  
f rom a p rev ious  expe r imen t ,  (Tyson, t969),  in which  
on ly  non-segrega t ing  p a r e n t a l  and  F t genera t ions  
h a d  been  examined .  Fo l lowing  t r a n s fo rma t ion ,  the  
w i t h i n - t y p e  va r iances  (y) appea red ,  w i th  one excep-  
t ion,  to  be  homogeneous ;  the re  were no s igni f icant  
differences among  genotypes .  

The  genera t ion  means  and  the i r  s t a n d a r d  er rors  
were  ca l cu la t ed  b o t h  for raw and  t r a n s f o r m e d  da t a .  
These,  a n d  the  va lues  of A,  B and  C ca l cu l a t ed  f rom 
the  gene ra t ion  means  are  shown in t ab l e  5. B a c k -  
cross 2 d e p a r t e d  s ign i f i can t ly  f rom e x p e c t a t i o n  in 

Table 5. Generation means, and their standard errors, within each sample for peroxidase activity data 

Sample I Means: 0.20683 0.11273 0.08378 0.11834 0.14010 0.09853 
St. errors:  +0.00971 +0.00814 -4-0.00194 4-0.00727 -[-0.00706 -4-0.00221 

Sample 2 Means: 0.06777 0.03987 0.04137 0.05388 0.06093 0.04790 
St. errors:  4-0.00784 4-0.00349 4-0.00321 4-0.00208 • 4-0.00155 

Generation means, and their standard errors, within each sample. Peroxidase activity data transformed to loglo values 

fit  --fi* F'-'x F--~ B-- x B--~ 
Sample I Means: --0.70120 --0.95934 --1.09587 --0.94622 - -0 .86689  - -1 .01920  

St. errors : 4-0.023 t 3 4-0.02950 4-0.0t 663 4-0.02783 -[-0.02130 4-0.00892 
Sample 2 Means: - - t . t9057  --1.42463 - -1 .4 t83t  -- t .28899 --1.23819 --1.34779 

St. errors:  4-0.04915 +0.02942 4-0.03369 4-0.01603 4-0.01851 4-0.01598 

Differences between calculated and observed generation means, within each sample, for peroxidase 
activity data 

Sample I Sample 2 d/ 

A = 2 B~ -- /~  -- F-~ = 0.01041, t = 0.60 = 0.01272, t = 1.29 i0  
B = 2 B~ -- /~  -- ff~ = 0.00055, t = 0.06 = 0.01456, t = 2.57* i0 
C = 4 F 2 - - 2 F ~ - - f f ~ - - f f 2  = 0 . 0 t 3 7 6 ,  t = 0 . 4 3  = 0 . 0 2 5 t 4 ,  t - -  1.85 12 

Differences between calculated and observed generation means, within each sample. Peroxidase 
activity data transformed to logxo values 

Sample I Sample 2 d] 

A = 2 B 1 --  P~ -- /~  = 0.06329, t = t.23 = 0.13250, t = 1.89 10 
B = 2 B 2 --  ~ -- /~  = 0.01681, t = 0.44 = 0.14736, t = 2.68* 10 
C = 4 F ~ - - 2 F I - - ~ - -  ~ =0.06740,  t = 0 . 5 5  =0.29586,  t = 2 . 7 t *  12 

* Significant at probability 0.05 
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Figure I. Frequency distr ibutions for log 10 peroxidase act ivi ty 
in each generation of sample 1. Class ! represents highest acti- 
vity, class 17 lowest. Px, P2 represent parents  R and M respec- 
t ively;  B v B 2 represent backcrosses to parents  R and M. M.P. 
represents midparent  activity, while arrows on axes refer to 

midpoints  of each distr ibut ion 

sample 2, regardless of change to a log scale. The 
sample 2 value of C was significant following trans- 
formation of the data  to a log scale. The differences 
between corresponding A, B and C values in samples 
t and 2 are shown below: 

Raw data  Log data  

A 1 - - A 2 =  0 . 0 2 3 1 3 + 0 . 0 1 9 6 8  0.06921 + 0 . 0 8 6 8 8  
B x - - B ~ =  0 . 0 1 4 0 0 + 0 . 0 t t 0 3  0 .13057-4-0 .06698  
C x --  C2 0 . 0 3 8 9 0 + 0 . 0 3 4 7 2  0 . 2 2 8 4 6 + 0 . t 6 3 8 2  

None of these differences was significant. Although 
data transformation did not remove the discrepancy 
for backcross 2, and also introduced an F2 sample 2 
deviation, the change to a log scale was a reasonable 
preliminary to further analysis of the peroxidase 
activity data. 

The frequency distributions for both plant weight 
and log peroxidase activity were examined. The 
distributions of each parental genotype (It  and 44), 
of the combined F' ls  (t4, 4t), of the combined F,'s 
(22, 23, 32, 33), of the combined backcross t 's  (t2, t3, 
21, 3t), and of the combined backcross 2's (24, 34, 
42, 43), were calculated for the data  of the 1st and 
2nd samples separately. Within a sample the diffe- 
rences between replicate means for any given genera- 
tion were removed through the addition of suitable 
constants to the individual data, so that  measure- 
ments could be pooled over replicates. Where Xon 
represents the ith observation in the j th replicate for 
progeny type 11 in, say, sample 1, the sample mean 
for this type may be shown as X..ll, and the constant 
added to all X~ m data as ( X ' m - ) C . . n ) .  With 
suitable constants for data  of t I in replicates 2 and 3, 
2~Lnl ~ 2(.m ---- X.m. The same correction procedure 
was applied to 44, and to the F1, F,, and backcross 
data. This meant that  each of the sample t distribu- 

26- 

24. 

22 ~- 

20- 

14-- 

5 -  
4 -  
2 -  

24- 

2Z- 

20- 

18 

14 

12 

10 

8 

6- 
4 

2 

6 

5 

[_J- 
V_r- 

I I 

B1 Bz 
D D  

j 
1 3 5 

I 

I 
I 

' 1 

S 

r -n  

t 

L 
1 I I I w I~11 

7M.P. I ,, 13 ,5 
C[osses 

m 
17 

Figure 2. Frequency distributions for log10 peroxidase act ivi ty 
in each generation of sample 2. Symbols and classes as in fig. I 
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Table 6. Analysis of covariance on within-type total plant weight means (x) and within-type peroxidase activity means (y) 

Correlation 
Item x x y y d[ coefficient, r 

1. y from raw data GSR 36.51543941 --0.02017782 0.00601037 30 --0.04 
2. y from loglo data GSR 36.51543941 --0.07069824 0.13207952 30 --0.03 

Analysis of covariance on individual plant weights (x) and individual plant peroxidase activities (y) 

Sums of squares and cross products 
Correlation 

Item x x y y d/ coefficient, r 

1. y from raw data Total 48026.40287 --162.57996 t.83057 79t 
Between 33922.89651 -- t 60.88069 1.390t 8 95 
groups 
Within 14103.50635 -- t .69927 0.44040 696 --0.02 
groups 

2. y from logx0 data Total 48026.40287 -- 865.t 6426 44.65482 791 
Between 33922.89651 --857.97776 34.25599 95 
groups 
Within 141O3.5O635 -- 7.18650 10.39883 696 --0.02 
groups 

tions for the segregating generations represented t08 
data, while non-segregating generation distributions 
each represented 24 data. Examinat ion of the distri- 
butions for plant weight in each sample suggested 
that  the data  were distributed in an approximately 
normal fashion. The same approximate normali ty 
held in the case of the log peroxidase activity distri- 
butions which are shown in figs. I and 2. 

(b) The relationship between total  plant weight 
and corresponding peroxidase activity was examined 
in two ways. Firstly, the within-type means for total  
plant weight and peroxidase activity were examined, 
as x a n d y  respectively, with an analysis of covariance. 
Both raw and transformed peroxidase activity data  
were employed as y values. The resultant analyses 
are summarised in table 6 ;  the linear regressions of 
activity on weight within the error lines of the cova- 
riance analyses were not significant, and indicated 
that  no simple relationship existed between within- 
type mean weight and within-type mean activity. 

In the second approach, individual plant weights 
and their corresponding peroxidase activities were 
used in an analysis of covariance. Effects of the 
main factors, i.e. genotype, replicate and sample, 
were removed, together with their interactions, 
through the calculation of a sum of squares for differ- 
ences amongst types in replicates and samples. 
There were 96 combinations of type, replicate and 
sample; the sum of squares for differences among 
these represented the between-group item of the 
analysis shown in table 6. The linear regression of 
activity on weight calculated in the within-group 
(error) line was not significant; this was true, as 
before, whether  raw i or transformed data  were 
employed as y values against plant weights as x. 
Again, no simple relationship appeared to exist. 

The possibility of a curvilinear relationship between 
weights and activities was investigated in the case of 

within-type means for weight and log activity. The 
within-type means for weight were raised to higher 
powers and included as additional x variables in the 
analysis of covariance. The multiple linear regression 
of log activity on weight was then examined in the 
error line of the covariance analysis. The fitting of 
first, second, third and fourth order terms for x did 
not result in the removal of a significant portion of 
the variation of y, log peroxidase activity. Inclusion 
of yet  higher order terms could be envisioned, but  
the practicality of extracting such a complex rela- 
tionship to examine, for example, the effects of 
genotype on log peroxidase activity over and above 
any genotype effect on plant weight is questionable. 
Log peroxidase activity was, therefore, analysed as 
an entirely separate character upon which plant 
weight had no influence. 

(c) The analysis of variance of the plant weight 
data utilised the sums of squares for x (within-type 
means) shown in table 2. A more detailed analysis is 
shown in table 7, in which the sums of squares for 
genotype and genotype-sample interaction were each 
parti t ioned into 15 orthogonal comparisons. The 
t 5 comparisons made are listed in table 8, in terms of 
suitable coefficients; the genotype means within 
each sample are shown in table 9. For the GS inter- 
action, these coefficients were applied to the differen- 
ces between the corresponding sample I and sample 2 
genotype means. The analysis of the within-type 
means showed that  there were significant differences 
among genotypes, samples and replications, together 
with significant GS and S R  interactions. The 
partitioning of the genotype sum of squares showed 
that  there was a significant difference between the 
two parents, and between the mean of the two parents 
and the mean of the F 1 hybrids; there was no signi- 
ficant reciprocal difference between the Fl's. There 
was also a significant difference in the backcross to 
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Table 7. Analysis of variance of means 1 from total plant 
(fresh) weight data 

Item d[ Mean square F 

Genotype (G) 15 6.2t 723 
Comparison 1 1 24.88480 

2 t 4.56333 
3 t 44.45540 
4 I 0,258t 1 
5 t 0,33187 
6 t 0.03805 
7 I 0.38058 
8 I 1.61317 
9 I 3.19416 

10 I 8.21860 
t l  I 0.02107 
t2  t t .8t500 
t3 t t.94676 
t4 t 0.05691 
15 t 1.33076 

Sample (S) t 3998.32042 
Replicate (R) 2 37.65718 
GS interact ion 15 3.06749 
Comparison t t 24.56582 

2 t t.33333 
3 t 1.16429 
4 t 0.40329 
5 t 1.44496 
6 t 0.34774 
7 1 t.24519 

- 8 t t.92667 
9 t 0 . t25t9  

t0  t 4.74074 
t l  1 0.12519 
t2  t 0.63014 
t3 1 0.36750 
t4 t 0.69882 
t5 1 6.89350 

GR 30 t .00192 
SR 2 21. t t016 
GSR 30 t .217t 8 

5. t1"** 
20.44 * * * 

3.75 
36.52*** 

1 .33  
2.62 
6.75* 

1 .49  
t . 6 0  

1.09 

3284.90 * * * 
30.94*** 
2.52* 

20,18'** 
1.10 

t .19 

t .02 
1.58 

3.89 

5.66** 

17.34"** 

* Significant at probability 0.05. 
** Significant at probability 0.01. 

* * * Significant at probability 0.00t. 

x Within-type means. 

t h e  second  p a r e n t  (4, or  M )  which  a p p e a r e d  in  t h e  
lower  p r o g e n y  weigh t s  o b t a i n e d  when  4 was  used  as  
a female  in  c o n t r a s t  to  i t s  use as a male  in  crosses w i th  
t he  F 1 hybr id .  The  b r e a k d o w n  of t he  GS in t e r ac t i on  
showed t h a t  t h e  p a r e n t a l  d i f ference was  s ign i f ican t ly  
l a rge r  in  s amp le  2 t h a n  in s amp le  t ,  a n d  th i s  was  also 
t h e  m a i n  reason  for  t h e  s ignif icance of compar i son  t 5. 

The  ana lys i s  of va r i ance  of t he  w i t h i n - t y p e  va r i an -  
ces, for which  the  sums  of squares  are  also shown in 
t ab l e  2, i n d i c a t e d  t h a t  on ly  be tw e e n  the  s amples  
was  t he re  a s ign i f ican t  difference.  The  b r e a k d o w n  of 
t he  g e n o t y p e  a n d  g e n o t y p e - s a m p l e  i n t e r a c t i o n  sums  
of squares  in  t he  same  w a y  as a b o v e  showed t h a t  
the re  were no s igni f icant  differences for a n y  of t he  t 5 
compar i sons  made .  

T h e  ana lys i s  of va r i ance  of t he  loglo pe rox idase  
a c t i v i t y  is shown in t ab l e  10, a n d  the  g e n o t y p e  m e a n s  
wi th in  each  s amp le  a re  shown in Tab le  t t .  The re  were  
s igni f icant  di f ferences  a m o n g  geno types  and  sample ,  

Table 9. Total plant weight: mean weight (gins) per plant 
for each genotype within samples, and averaged over samples. 

Key to genotypes as in table I 

I 2 3 4 

1 3.94 5.47 6.00 6.52 
2 6.26 4.93 5.59 5.33 Sample 1 3 5,62 5.38 5.71 5.47 
4 5.95 5.27 4.96 3.96 

1 2 3 4 

t 14.33 t7.41 19.37 2t.31 
2 t7.57 19.t3 18.78 t8.30 Sample 2 3 17.79 t8.11 18.40 19.37 
4 t9.41 17.11 16.44 20.07 

t 2 3 4 

1 9.t4 t t .44  t2.69 t3.9t  
Means over 2 11.92 t2.03 t2.19 11.8t 
Samples 3 1t.70 11.74 t2.06 t2.42 

4 t2,68 11.19 t0.70 12.0t 

Table  8. Orthogonal breakdown of the t5 degrees of freedom for genotypes 

Genotypes: 

Comparison: t t  t2 13 t4 21 22 23 24 31 32 33 34 41 42 43 44 

1 §  - i  
2 + i  - i  
3 + i  - i  - i  + i  
4 + i  + i  - i  - - i  
5 + i  - - i  + i  - i  
6 §  - - i  - I  -+.i 
7 + i  + I  - - I  --1 
8 -4-I - - I  -I-I --1 
9 + !  --1 --1 + t  

t0  + t  -4-t --1 - - t  
t t  + 1  -I +1 -I 
12 + t  - - I  - - I  -t-t 
t3  + 1  +1  + 1  - - t  + t  --1 --1 - - t  
t 4  + t  + t  - - t  --1 - - t  - - t  + t  + t  
15 + 1  --1 --1 + I  - - t  + t  + 1  --I --1 -t-t + 1  - - t  + 1  .--1 - - t  + I  
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Table t O. Analysis of variance of means 1 from loglo peroxid- 
ase activity data 

Item d/ Mean Square F 

Genotypes (G) 
Comparison 

Sample (S) 
Replicate (R) 
GS interaction 
Comparison 

GR 
S R  
GSR 

15 0.04723791 
1 1 0.18169317 
2 1 0.00037147 
3 1 0.21241396 
4 1 0.00002820 
5 1 0.02850240 
6 1 0.00152598 
7 t 0.00035632 
8 t 0.00728320 
9 1 O.O0012573 

to I 0.01164833 
11 1 0.00038543 
12 t 0.02177608 
13 1 0.20579220 
14 1 0.02473946 
15 1 0.01192674 

1 3.12133544 
2 0.01213807 

15 0.00718784 
1 t 0.00043489 
2 1 0.02508143 
3 1 0.03598514 
4 1 0.00341291 
5 1 0.00024879 
6 1 0.00125431 
7 1 0.00033052 
8 1 0.0o868271 
9 1 o.oo10o367 

10 t 0.00365101 
11 t 0.00773062 
12 t 0.00199587 
t3 1 0.00547529 
14 1 0.00978623 
15 1 0.00274510 

30 0.00611660 
2 0.00353667 

30 0.00440265 

* Significant at probability 0.05. 
** Significant at probability O.01. 

*** Significant at probability 0.001. 
x Within-type means. 

1o.73"** 
4t.23"** 

48.25*** 

6.47* 

t . 65  

2.65 

4.95* 
46.74*** 

5.62** 
2.71 

709.40*** 
2.76 
t . 63  

5.70* 
8.17"* 

1.97 

1.76 

1.24 
2.22 

t . 3 9  

decrease in  the depar ture  of the F 1 mean  from the  
pa ren ta l  mean.  

The analysis  of var iance  of the wi th in - type  var ian-  
ces, for which the sums of squares are shown in  table  4, 
ind ica ted  tha t ,  as with the to ta l  p lan t  weight data ,  
the only  s ignif icant  effect was t ha t  due to sample. The 
b reakdown of the genotype  a nd  genotype-sample  
in te rac t ion  sums of squares revealed no signif icant  
differences for a ny  of the comparisons.  

4" D i s c u s s i o n  

Analysis  of var iance  of the wi th in - type  means  for 
p lan t  weight revealed a s ignif icant  difference be tween  
the 2 parents  at  sample 2; for log peroxidase ac t iv i ty  
the pa ren ta l  difference was also significant,  and  con- 
s is tent  at  bo th  samples. F 1 - -  m i dpa r e n t  depar tures  
were highly s ignif icant  for bo th  characters,  b u t  had 
opposite signs, as can be seen from tables  9 and  1t.  
The results from this exper iment  m a y  be compared  
with those ob ta ined  in a previous exper iment  (Tyson, 
t969) in te rms of the mi dpa r e n t  values  for the 2 cha- 
racters a t  approx ima te ly  the same t ime point .  For  
example,  the mi dpa r e n t  p lan t  weight here 70 days 
after  ge rmina t ion  (sample 2) was 17.2 gins.; in  the  
previous exper iment ,  wi th  the  same pa ren ta l  geno- 
types,  m i dpa r e n t  p lan t  weight at  75 days was 44.8 
gms.,  a nd  the F l - m i d p a r e n t  depar tu re  was in  the 
direct ion of the lower parent .  The compar ison m a y  be 
summar i sed  as shown below: 

Mean weight per plant at 75 days(gins.) 

1969 data: mid- average 
R M parent F1 dominance 

(potence ratio) 

49.4 40.2 44.8 39.6 t.13 
Data here : 
(70 days) t4.3 20.1 t7.2 20.4 1.t0 

b u t  no t  among  replicates;  there were no 
s ignif icant  first order in te rac t ions  be- 
tween the ma in  factors. Pa r t i t i on ing  of 
the geno type  sum of squares showed t h a t  
the  difference be tween  the paren t s  was 
significant ,  as was the difference be tween  
the mean  of the paren ts  and  the  F v 
There  was no s ignif icant  reciprocal differ- 
ence be tween  the  Fl 's .  Among  the F2's 
there was a s ignif icant  effect of the  
F1R • M (i.e. 2) as a male parent ,  in  com- 
par ison to the  use of M X R (i.e. 3) as a 
male. I n  the backcross to the second pa ren t  
there was a s ignif icant  effect of the use of 
R • M and  M • R respect ively as male and  
female parents ,  versus the converse. The 
pa r t i t i on ing  of the GS i n t e rac t ion  showed 
tha t  in sample 2 there was a s ignif icant  
reversal  in the reciprocal difference be- 
tween the F 1 hybrids ,  and  a s ignif icant  

Table 11. Logxo peroxidase activity: mean activity per plant for each 
genotype within samples, and averaged over samples. Key to genotypes 

as in table l 

t 2 3 4 

1 --0.70120 --0.86126 --0.87281 --1.t4715 
Sample 1 2 --0.86933 --0.98827 --0.91279 --t .00856 

3 --0.86417 --0.94926 --0.93459 -- 1.01046 
4 --t.04459 --0.98595 -- t .07t87 --0.95934 

1 2 3 4 

I - 1.19o57 - 1.29095 - 1.2oo56 - 1.37816 
2 --t.25831 -- t.33400 -- 1.23973 -- 1.36661 Sample 2 3 -- 1.20294 -- t.33677 --1.24549 -- t.26024 
4 -- 1.45847 -- 1.35685 -- 1.40745 -- 1.42463 

1 2 3 4 

1 --0.94589 -- 1.076tl -- 1.03669 -- t.26266 
Means over 2 -- t.06382 --1.16113 --1.07626 --1.18758 
Samples 3 --t .03356 -- 1.t4301 -- 1.09004 -- 1.13535 

4 -- 1.25153 -- 1.17140 -- 1.23966 -- 1.19199 
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There was clearly, a switch in the relative positions of 
the parents,  and in the direction of dominance between 
the 2 experiments,  a switch which underlined the 
interdependence of stage of development and genetical 
analysis. The reason for the higher midparent  plant  
weight in the t969 data  could be traced to the use of 
a greater soil volume per plant (approximately 50% 
greater) during the 30 to 75 day  period, in comparison 
to the volume used per plant  for the equivalent period 
in the experiment here. Genotype-environment  inter- 
action was thus occurring with plant weight; similar 
changes, although much less pronounced and involv- 
ing average dominance and midparent  act ivi ty with- 
out any switch in the general relationship of R to M, 
were noted for log peroxidase activity. The compari- 
son in the case of log peroxidase act ivi ty is summari-  
sed below: 

Mean log peroxidase activity per plant at 75 days 
1969 data: 

R 

- 1.o8346 

plants of one experiment,  or environment,  were the 
parents of plants in the succeeding, environmental ly 
different, experiment(s). To what  extent  such after- 
effects might have been operating over the 2 experi- 
ments compared here must  remain conjecture, as 
must  their possible involvement,  for example, in the 
significant F 1 male parent  influence in the F 2 means 
for log peroxidase act ivi ty  (comparison 5, table t0), 
an influence which could otherwise be classified as 
nuclear-cytoplasmic interaction. 

Recent work with electrophoretic techniques in the 
separation of variant  forms of peroxidase in a wide 
var ie ty  of plants has suggested tha t  the detailed 
investigation of the act ivi ty and relative mobili ty of 
such isoenzymes, should they exist in the genotypes 
used in this study, might clarify the behaviour  and 
distribution of peroxidase act ivi ty reported here. I t  

might  also supply an est imate 
of the number  of loci respon- 

Data here : 
(70 days) --t . t9057 

M midparent F x average dominance sible for peroxidase synthesis 
in the 2 genotypes R and M. 

- t .19326 -1.13836 -1.16o59 0.40 

- 1.42463 -- t.30760 -- t.41832 0.95 Acknowledgements 
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