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Summary. The  gene t ic  con t ro l  of acid p h o s p h a t a s e - I  (AP1) a c t i v i t y  in  pol len  of maize  was s tud ied  b y  cross ing 
i n b r e d  l ines h a v i n g  d i f fe ren t  A P1 i sozymes  a n d  d i f fe ren t  a c t i v i t y  levels of t he  A P1 enzyme.  Usual ly ,  t h e  i n t ens i t i e s  of 
t he  SS a n d  F F  i sozyme b a n d s  were no t  equa l  in pol len  of A P.~/A P{  he te rozygous  F 1 hyb r id s ,  b u t  t he  re la t ive  i n t e n -  

S S F si t ies  of t he  two  b a n d s  were no t  co r re l a t ed  to  t he  a c t i v i t y  levels of the  p a r e n t a l  lines. The  A P1/A 131 a n d  A 131/A 13~ F 2 
p o p u l a t i o n s  dif fered in t h e i r  m e a n  level  of ac t iv i ty .  B o t h  p o p u l a t i o n s  showed  segrega t ion  in  t he  a c t i v i t y  levels indi -  
c a t i n g  single gene cont ro l .  The  i n t e n s i t y  r a t i o s  of t he  SS a n d  F F  b a n d s  in t he  d i f fe ren t  he t e rozygous  A pS/A 13~ F 2 
p l a n t s  d id  no t  segregate .  The  resu l t s  s u p p o r t  the  c o m p e t i t i o n  model  for gene r egu la t ion  p roposed  b y  Schwar t z  (1971). 

In a previous paper (Efron, t971 a) five distinct 
levels of APt  acid phosphatase activity were found 
among 23 inbred maize lines. Variation in enzyme 
activity in different inbred lines of maize had pre- 
viously been demonstrated for a number of other 
enzymes (Zieserl and Hageman, t962; Hageman 
et al., 1967; Roose and Sarkissian, t 968 ; Efron, t 970 a). 
Hybrids between lines with different activities usually 
show intermediate levels of activity (Hageman et al., 
t967). 

Two major difficulties arise in an attempt to study 
the genetic control of the differences in specific en- 
zyme activity: t. the presence of other phosphatases; 
2. conventional biochemical methods do not enable 
one to distinguish between the activities specified by 
each of the two parental genomes. Three allelic iso- 
zymes, A Pf ,  AP~ and A ps,  with fast, intermediate 
and slow migration rates, have been described for the 
A P  t locus (Efron, 1970b). Allelic isozymes having 
different electrophoretic mobilities have been used 
(Efron, 1970a; 1971 b) to study the genetic basis for 
the variation in alcohol dehydrogenase activity in 
maize. The limitations mentioned above were over- 

come in the present study by crossing inbred lines 
with known activity levels but having different A P~ 
alleles. 

Mater ia l s  and M e t h o d s  
Samples  of m a t u r e  f resh  pol len of maize  were s tud ied  

b y  s t a r c h  gel e lec t rophores is .  E x t r a c t  p r e p a r a t i o n ,  elec- 
t r o p h o r e t i c  t e c h n i q u e s  and  s t a i n i n g  p rocedu re  h a v e  been  
descr ibed  before (Efron,  1971 a). The  a c t i v i t y  of t he  A P  1 
con t ro l l ed  acid p h o s p h a t a s e  was d e t e r m i n e d  in the  pol len 
of F 1 h y b r i d s  a n d  of seg rega t ing  F 2 p lan t s .  
Determination of the relative activity in the 1:1 hybrids: The  
s t a i n i n g  i n t ens i t i e s  of t he  i sozyme b a n d s  were used as 
a measu re  of e n z y m e  ac t iv i ty .  Seven  h o m o z y g o u s  A p s /  
APS~ i n b r e d  l ines w i t h  d i f fe ren t  acid p h o s p h a t a s e - I  
a c t i v i t y  were crossed in a h n o s t  all poss ible  c o m b i n a t i o n s  
w i t h  six h o m o z y g o u s  A P f / A  P f  i n b r e d  l ines  r e p r e s e n t i n g  
f ive g roups  of a c t i v i t y  (Table  1). All  the  F 1 h y b r i d s  were  
g rown in t he  f ield a n d  samples  of m a t u r e  f resh  pol len  
were  col lected f rom six d i f f e ren t  p l a n t s  of each  h y b r i d  
a n d  s to red  a t  - - 10  ~ Three  d i f fe ren t  e x t r a c t s  f rom 
each  pol len  sample  were e l ec t rophoresed  s e p a r a t e l y  a n d  
s t a i n e d  specif ical ly  for acid p h o s p h a t a s e .  The  ra t io  of 
t he  colour  i n t ens i t i e s  deve loped  a t  t he  pos i t ions  of t he  
SS a n d  F F  i sozyme b a n d s  was scored  v i sua l ly  in  each  
gel by  seven  u n b i a s e d  persons .  The  i n t e n s i t y  of t he  F F  
b a n d  was a lways  used  as a re ference  ( ac t iv i ty  va lue  of 
1.0). The  va lues  o b t a i n e d  are  t e r m e d  re la t ive  S ac t iv i tv .  

T a b l e  1. Mean relative intensities of  the A PSa isozyme bands in relation to the A pF iso- 
zyme bands in 33-different A Ps l /A pF hybrids 

APS[/AP s Group A P ~ / A P f  parental  line and group of act ivi ty + 

parenta l  of K-4 CI3t-A B-53 B-57 Oh-7 B-50 
line activity + 1 2 3 3 4 5 

N-6  1 3.48* 2.13 3.32* 2.23 2.61" .55* 
B-55 I 3.66* 3.43* 3.49* 3.80 2.65 1.96 
B-56  2 3.00 3.20 3.00 -- 3.30 1.00 
Hy 3 2.85* -- 2.80 2.12" 2.50 --  
ES/E s 3 2.02* -- 1.90* 1.91 1.79" .49 
C-103 4 .51" --  .59 .57* -- - -  
M - t 4  4 2 .16"  -- --  1.86" 1.30" 1.12 

+ Group 1 = Highest  act ivi ty and Group 5 = Lowest act ivi ty 
* Mean values of two reciprocal hybrids. 
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Determination of the A PI activity in segregating F 2 plants : 
Four different reciprocal F 1 hybrids from crosses between 
Aps/A_P s lines from activity groups I and 3 (high and 
intermediate activity levels, respectively, Efron, t971 a) 
and A P~/A pF lines from activity groups 3 and 5 (inter- 
mediate and low activity levels, respectively) were select- 
ed for studies of segregating F 2 plants (Table 2). Pollen 
samples fronl all plants of each cross were first classified 
for their A P1 genotypes. The A.ps/A p s  and A.PFI/A 1 aF 
homozygous plants were then scored for their relative 
activity, as described before (Efron, 1971 a). The A P f /  
A P~ heterozygous plants were scored for the relative 
activity of the SS and F F  isozyme bands as described 
for the F a hybrids. 

In 17 out of the 33 hybrids, and in the four F 2 segregat- 
ing populations, the two reciprocal combinations were 
tested separately and there were no differences between 
the two reciprocals. Therefore, the results were combined. 

The hybrids N-6 • K-4 (Fig. 1, right) and 
N-6 X B-50 (Fig. t, left) are used to illustrate 
this point. Both N-6 and K-4 show a similarly 
high activity level (group t) but in the hybrid N-6 
• K-4 the S S  band which was contributed by 
N-6 was about 3.48 times more intense than the 
F F  band contributed by K-4. On the other hand, 
in the hybrid N-6 • B-50 the F F  band originat- 
ing from B-50 (lowest activity level) was twice as 
intense as the S S  band contributed by N-6 (highest 
activity level). 

Inbred lines of the same A P 1 genotype and the 
same level of activity differ in the relative contribu- 
tion of their A P1 allele. For example, the mean rela- 

Table 2. Segregation and goodness-of-fit in four different F 2 families in crosses involving the A P~ 
and A pF alleles in the pollen of maize 

Genotypic class . . . . . . . . .  X2 
Cross A p s / A p s  ApS /ApF A p V / A p f  (t :2: 1) P(1 d/) 

B-55 • B-53 52 112 54 .20 0.95--0.90 
N-6 x B-53 45 114 56 1 . 9 1  o.50--o.25 
N-6 • B-50 5o 113 54 .54 o.90--o.75 
ESt/E s • B-5o 60 138 57 1 . 7 9  0.50--0.25 

Results  

The A P 1 controlled acid phosphatase is a dimer 
(Efron, 1970b). However, only the F F  and the S S  
isozyme bands are found in the pollen of heterozy- 
gous A p S / A  P f  plants. The absence of the F S  hybrid 
band indicates that the enzyme present in mature 
pollen is probably synthesized after tetrad formation 
(Efron, 1970a). In the present study, the intensity 
ratio of the S S  and F F  isozyme bands was tested in 
33 different hybrids. Equal intensity of the two 
bands (relative S activity of about 1.0) was found in 
only three out of the 33 crosses tested (Table t). In 
all other hybrids the two bands showed different in- 
tensities with a range of relative S activity from 0.50 
to 3.80. However, the intensity ratio of the two 
bands was usually not correlated with the activity 
levels of the two homozygous parental lines (Table 1). 

Fig. 1. Zymogram of pollen 
extracts from A pS/A P f  
heterozygotes from the 
N-6 • B-50 (left) and 

N-6 • K-4 (right) hybrids. 
Note the difference in the 
relative intensities of the 
FF and SS isozyme bands 

tive S activity of the six different hybrids of N-6 
was lower (2.39) than the mean relative S value for 
the same six hybrids of B-55 (3.17). The difference 
was even greater between Cd03 and M-t4, both 
from activity group 4. The mean relative S values of 
the two comparable hybrids were 0.54 and 2.t6, re- 
spectively (Table 1). In contrast to these differences, 
the relative activities of the S S  and F F  isozymes were 
similar when a particular line was crossed with differ- 
ent lines having different activity values. For 
example, values of 2.02, 1.90, 1.91 and 1.79 were ob- 
tained when s s E1/E 1 was crossed with A P~ lines from 
activity groups 1, 3, 3 and 4, respectively. Or, values 
of 3.66, 3.43, 3.49, 3.80 and 2.65 were found in the 
crosses of B-55 with A P F lines from activity 
groups 1, 2, 3, 3 and 4, respectively. 

Four different hybrids were selected for further 
studies of segregating F 2 populations. The hybrids 
selected were: B-55 • B-53 and N-6 • B-53, 
representing A P s lines with a high activity level 
(group l) and an A P~ line with intermediate 
activity (group3); N-6 • B-50 ( A P  s high • A P  F 
low) and s s E1/E  1 • B-50 ( A P  s intermediate • A P ~  
low). In all crosses, the A P s and A pF1 alleles seg- 
regated in the normal Mendelian fashion expect- 
ed from two co-dominant alleles of a single gene 
(Table 2). Thi~ excludes the possibility that  the differ- 
ences in the activity of the S S  and F F  isozymes in 
the F 1 hybrids were due to any abnormal segregation 
of the two alleles in the pollen grains. 

The mean relative S activity values in the A p s /  
A pF heterozygous F~ segregants were very similar to 
the mean values of the F 1 generation in all four cros- 
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Fig. 2. Zymograms of pollen extracts  from segregating F. z plants  
from the cross B-55 • B-53. I. left -- APf/AP{; r ight  -- 
A pS/A P~, 2. left -- A pS/A P~; r ight  -- A P~/A p S  3. left -- 
A pS/A Pf; r ight  -- ,4 P~/A P~. 4. left -- A pS/A P f ;  r ight  -- 

A .PgA t"5 

Fig. 3. Zymograms of pollen extracts  from segregating Fe 
plants  from the cross N-6 • B-50. 1. left -- APf/APf; r ight  
-- APflAPf .  2. left - -  AP~/APf; r ight  -- AP{IAP{. 
3. left -- AP~/AP~; r ight  -- AP~/APf. 4. left -- APSa/AP~; 

r ight  -- A Pf/A Pf 

Tab le  3. Distribution of the relative A P~ activity values in pollen of heterozygous A P[/A PF plants from four different 
segregating F~. families 

Cross 
Frequency (%) of plants  with relative A Px s activity values Mean A P~ relative act ivi ty 

.29 .33 .40 .50 .66 1.0 t.5 F 2 F 1 

N-6  • f l -50 --  10.0 22.7 51.0 9.1 7.3 --  .5t .55 
E~/E s • B-50 1.4 33.6 16.9 44.6 1.4 2.1 --  .44 .49 

Frequency (%) of plants  with relative A P1 s activity values 

2.0 2.5 3.0 3.5 4.0 4.5 5.o 

B-55 • B-53 3.4 10.3 35.4 22.5 25.0 2.6 .8 3.33 3.49 
N-6  • B-53 7,o t4 .o  37.6 20,0 2o.o .7 .7 3.26 3.32 

Tab le  4. Mean, standard deviation, range and coefficient of variation of the A P1/A P2 values in pollen of A P~/A Ps a a n d  
A pF/A _Pf homozygous plants from four different F 2 segregating populations* 

Number  
Cross+ Activity Average Standard groups Genotype of plants  Range C.V. 

tested act ivi ty deviation 

B-55 • B-53 1 • 3 A p S / A p  s 4O .177 .051 .087-- .278  43.2 
A pF/A P~ 42 ,119 ,029 .076-- .  189 24.0 

N-6  • B-53 I • 3 AP~[/APS~ 40 .132 .036 .087- - .212  27.1 
A-P{/AP F 39 .077 .026 .042- - .152  34.3 

N-6  • B-50  I • 5 A p S / A p  s 28 .050 .021 .015-- .105 42.4 
APf /APF 1 42 .060 .041 .018-- .158  68.3 

s s B-50 APS/APS .023 .009- - ,097  E~/EI • 3 • 5 42 .037 63.0 
APF~/APF~ 54 .071 .035 .018-- .146  48.9 

* The A P1/A P2 values were used as a measure for the act ivi ty of the M *~ acid phosphatase (Efron, 197t a). 
+ The results of the two reciprocal crosses were combined. 

ses.  Also ,  t h e r e  w a s  n o  a p p a r e n t  d i s t r i b u t i o n  of 
t h e  i n d i v i d u a l  p l a n t s .  T h e  m a j o r i t y  of t h e  p l a n t s  
in  t h e  B-55  • B-53  a n d  N - 6  • B -53  c rosses  
s h o w e d  r e l a t i v e  S a c t i v i t i e s  b e t w e e n  3 .0  a n d  4.0.  I n  
t h e  N - 6  • B - 5 0  a n d  s s E1/E 1 • B - 5 0  crosses ,  83 .7  
a n d  95.1 p e r c e n t  of t h e  p o p u l a t i o n s  h a d  a c t i v i t y  
v a l u e s  b e t w e e n  0.33 a n d  0 .50  (i.e., t h e  F F  b a n d  w as  

t w o  t o  t h r e e  t i m e s  m o r e  i n t e n s e  t h a n  t h e  SS b a n d )  
( T a b l e  3)- M o r e o v e r ,  w h e n  B-55  w as  t h e  A P  F 
p a r e n t ,  t h e  SS b a n d  w a s  a l w a y s  s t r o n g e r  t h a n  t h e  
F F  b a n d  (Fig .  2), b u t  w h e n  B - 5 0  w a s  t h e  A P  F 
p a r e n t ,  t h e  F F  w a s  u s u a l l y  t h e  d a r k e r  b a n d  w i t h  
o n l y  a few e x c e p t i o n s  w h e r e  t h e  F F  a n d  t h e  SS b a n d s  
w e r e  of t h e  s a m e  i n t e n s i t y  (Fig.  3). H e n c e ,  i t  m i g h t  
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Fig. 4. Distribution of the A P1 relative 
activity (A P1/A P~ values) in the A pS/A P~ 
and A Pf/APf homozygous F~ popula- 
tions of four different crosses. The arrows 
indicate the suggested phenotypic classi- 
fication where the distribution can fit the 

I : 2 : 1 ration 

be concluded that  the relative S act ivi ty was not 
a subject for segregation in the F~ populations. 

When the act ivi ty of the homozygous A p s / A p  s 
and A P f / A P f  segregants was tested (Table 4 and 
Fig. 4), the act ivi ty level of the A/)1 acid phosphatase 
clearly segregated in the F 2 populations. I t  is diffi- 
cult to conclude from the results presented in Fig. 4, 
how many  genes are involved in the determination of 
AP~ activity. However, in some of the populations 
especially in the SS group, it is suggested that  a single 
gene with two co-dominant alleles is responsible for 
the difference in the act ivi ty levels of the two paren- 
tal lines. For example, the SS population from 
the N-6 • B-53 cross may  be divided into three 
groups: values of 0 . 8 - - . t l ;  values of . t l - - . t 5  and 
values of . t6-- .22 with a distribution of 8, 20, and t2 
plants, respectively. This distribution fits well the 
1:2:1 ratio expected (P = .50--.75). The distribu- 
tion of the A p s / A p  s populations from the crosses 
B-55 • B-53 and N-6 • B-50 and the APf /AP~  
population from the N-6 • B-53 cross also fit 
the expected t : 2 : t  ratio. In the other popula- 
tions there are more plants with low act ivi ty level 
than would be expected from normal Mendelian 
segregation of two co-dominant alleles. However, 
even though four populations showed good fit to 
the 1:2:1 ratio, the suggested classification into 
genotypic groups (arrows in Fig. 4) is different in 
each population. The mean and the distribution of 
the populations are also different (Table 4). In the 
crosses of high • intermediate act ivi ty the average 
level of act ivi ty of the F~ populations was higher than 
in the crosses of intermediate • low and high • low 
activity. But  there was also a difference between the 
two populations of the high • intermediate activity. 
The mean level of act ivi ty in the B-55 • B-53 of 
both  the A P s and A P f  populations was higher 

than in the N-6 • B-53 cross. Also, the upper 
range in the first cross was higher. On the other 

S S hand, the two other crosses, E1/E ~ • B-50 (inter- 
mediate • low) and N-6 • BS0 (high • low), were 
similar to each other. 

An interesting feature of the segregating popula- 
tions was the difference between the homozygous 
A p s / A p  s and A P f / A P f  populations in each cross 
(Table 4). In the first two crosses (B-55 • B-53 
and N-6 • B-53) the average act ivi ty values of 
the A p s / A p  s populations were higher then the 
A Pf /AP~ populations. In the other two crosses 
(N-6 • B-50 and EI/E i s  s • B-50) the APf /AP~  po- 
pulations showed the higher average activities. 

D i s c u s s i o n  

A difference in the act ivi ty of an enzyme may  be 
qualitative (in specific activity) or quant i ta t ive (in 
the number  of active enzyme molecules). If it is 
qualitative, the relative activities of the two isozyme 
bands in heterozygous A pS/A pF would be expected 
to be similar to the relative activities of the two pa- 
rental  lines. The results of this s tudy did not show 
a correlation of this type,  so it might  be concluded 
that  the differences in the A P1 acid phosphatase activ- 
i ty in pollen of maize were not due to differences in 
specific activity.  

Quanti tat ive differences are expected to be due to 
some mechanism of genetic and/or environmental  
control. The fact that  plants with equal intensities 
of the A ps  and A P~ isozyme bands were the excep- 
tion and not the rule shows tha t  the control mecha- 
nism is not a simple environmental  one, and that  
the two alleles in the different inbred lines react differ- 
ently to this control mechanism. 

A possible explanation for the results obtained in 
this s tudy might be based on the competit ion model 
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for regulation of gene action proposed by Schwartz 
(t97t), viz. that  the number of enzyme molecules 
which are synthesized in a certain tissue at a given 
time is controlled by the presence of a limiting factor 
which acts at the gene level. He showed that  there 
was competition and that  there were differences in 
competitive ability between alleles for the limiting 
factor. Following this hypothesis, it is assumed that  
the present inbred parents differed in the activity 
level of the A Px controlled acid phosphatase because 
they had different amounts of the limiting factor. 
Also, the A P1 allele from different inbred lines might 
vary  in competitive ability for the limiting fac- 
tor. Thus, although both N-6 and K-4 had high 
activity levels, in the cross N-6 • K-4 the A P  s 
allele contributed by N-6 was a much bet ter  com- 
petitor than the A P f  allele contributed by  K-4. 
On the other hand, N-6 had a higher level of acti- 
vi ty  than B-50 (groups I and 5, respectively) but  
in the N-6 X B-50 cross the A P f  band was 
more intense than the A P  s band. Thus, the A P f  
allele contributed by B-50 is a bet ter  competitor 
than the A ps  allele contributed by N-6. 

Both the A ps  and A P1F alleles may vary in compe- 
titive ability. Among the A P  s lines, B-55 and 
C-t03 showed the highest and lowest competitive 
abilities, and among the A P f  lines B-50 was the 
best competitor while K-4 and B-53 had the lowest 
competit ive ability. 

As described before, pollen extracts from A P~S/A P~v 
heterozygotes showed only two bands, without hy- 
brid enzyme formation. The absence of the hybrid 
enzyme shows that  the enzyme is probably synthesiz- 
ed after haploidization and segregation of the A P s 
and A P e  alleles at meiosis. Alternatively, the enzy- 
me may be synthesized prior to baploidization but, 
for some reason, in this tissue dimerization is limited 
to identical subunits (Salthe, Chilson and Kaplan, 
t965). If dimerization is limited to identical subunits 
and the enzyme is synthesized before haploidization, 
the results fit the competition model without difficulty. 
On the other hand, if the enzyme is synthesized after 
haploidization, one could argue that  interallelic com- 
petition can not take place in haploid cells. However, 
Schwartz (1971) showed for alcohol dehydrogenase in 
pollen of maize that  the effect of the interallelic com- 
petition for the limiting factor operates at the diploid 
stage and that  this effect must persist into the 
haploid microspores, so that  even in the absence of 
further competition the two alleles maintain their 
differential gene activity in enzyme synthesis. 

The main features of the F~ populations support 
Schwartz's hypothesis. Segregation for the amount 
of the limiting factor may be responsible for the 
segregation of activity levels of the AP1 acid phos- 
phatase. On the other hand, according to the limiting 
factor hypothesis, the relative competitive abilities of 
the two alleles, and therefore also the relative inten- 

sities of the bands, are expected to be constant. The 
results obtained in the A p s / A p f  heterozygous F~ 
plants are in good agreement with this expectation. 

Using the competition model, Schwartz (t97t) ex- 
plained the difference in behaviour of the E a prime 
and standard alleles (Schwartz, t964) by assuming 
that  other non-allelic genes compete with the Ea 
for its limited "act ivat ing" factor. Both esterase and 
phosphatase are non-specific enzymes and a number 
of non-allelic genes are found for each of them in 
maize. The assumption that  other non-allelic genes 
compete with the A P 1 acid phosphatase for the 
limiting factor might explain the difference in activity 
between the F 2 homozygous A pS / A PS 1 and A P f  / A pF 
populations. If the limiting factor is distributed 
equally in the A p s / A p  s and A P f / A P f  populations 
and other non-allelic genes compete for the same 
limiting factor, the A P~ allele with the higher com- 
petitive ability is expected to show higher average 
activity than the A P~ allele with lower competitive 
ability. Both A p s / A p  s lines B-55 and N-6 are 
better  competitors than the A P f / A P f  line B-53 
(Table l) and in both the B-55 x B-53 and 
N-6 • B-53 F2 populations higher activity le- 
vels were found for the A p s / A p  s than for the 
A pF/Ap F homozygous plants (Table 4). On the 
other hand, the A P f / A P f  line B-50 is a better  
competitor than the A P s lines N-6 and Ea/E ~ 
(Table t). Accordingly, the ApF/ApF populations 
in the N-6 x B-50 and s s El/E" 1 • B-50 F 2 gener- 
ation showed higher mean activity values than the 
A P-2/A ps populations (Table 4). Moreover, N-6 
is a better  competitor than s s E1/E 1 (Table t). When 
these two lines were crossed with B-50 the differ- 
ence between the A pS/A ps and A P~/A P f  F 2 popu- 
lations was higher in the closs ES/E s • B-50 than 
in the cross N-6 X B-50. 

Another possible way to explain the difference be- 
tween the A pS/A ps and the A Pf /A P f  populations is 
by assuming linkage between the AP1 gene and the 
gene which controls the level of activity (Efron, 
1970a). This might explain the difference between 
the two populations in the B-55 • B-53 and 
N-6 x B-53 crosses. But, it would then be ex- 
pected that  in the other two crosses (N-6 X 
B-50 and s s B-50) the s s E I/E L • A P~i/A Pi populations 
would also show higher average activity levels 
than the A P e / A P  t" populations, since N-6 and 
E~/E s had higher activity levels than B-50. This 
was not the case, so the possibility of linkage between 
two genes as the only explanation for the differences 
between the A pS/A ps and the A Pf /A P f  populations 
must be rejected. 

In the discussion above, the results were explained 
by the competition model proposed by Schwartz 
(197t) for the regulation of gene action. Only the 
use of a large number of crosses enable us to arrive 
at a certain general conclusion. Taking only one 
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h y b r i d  a t  a t i m e  o t h e r  poss ib le  e x p l a n a t i o n s  cou ld  be  
found .  T h e r e f o r e ,  if o n l y  t w o  l ines  h a d  b e e n  i n c l u d e d  
in th i s  s t u d y ,  a c o m p l e t e l y  d i f f e r e n t  conc lus ion  m i g h t  
h a v e  been  d r a w n ,  d e p e n d i n g  on t h e  t w o  l ines  se lec t -  
ed. 
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