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Genetic Analysis of Seed-Weight in Reciprocal Crosses 
(Linum usitatissimum L.) 
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of Flax 

Summary. Materials used in this s tudy consisted of small and large seeded flax varieties Redwing and Beta 210, and 
of their  reciprocal crosses and backcrosses. The seed weight means (mg's/seed) of reciprocal crosses were the same in F 1 
but  significantly different in F 2 and F~ generations indicating thus their  nonequivalence with respect to this character. 
This nonequivalence was detectable also in the backcross reciprocals. On the assumption tha t  Redwing and Beta 210. 
have different p lasmatypes  and the hybr id  has the same plasmatype as its female parent,  the available 24 families, 
including the parents  as sells, were grouped into two genomically the same but  plasmatical ly  supposedly different sets. 
A detailed analysis of the family means in these two sets led to the conclusion tha t  the inheri tance of the character 
considered was rather  complicated. In F 1 generation the Beta 210 set of genes was par t ia l ly  dominant  over its allelic 
Redwing set ([hi < [d]). In  the subsequent generations the Beta 210 set of genes has sustained a certain degree of 
loss of expressivity. This loss was 73~  in the p lasmatypical ly  Redwing set of families and 20% in the p lasmatypical ly  
Beta 210 set of families. This difference in the loss of expressivity and the gene-dosis effects, detected mainly in the 
p lasmatypica l ly  Beta 210 set of families, indicated tha t  the nature of the reciprocal cross nonequivalence observed in 
this s tudy was both cytoplasmic and nuclear. 

Introduct ion 

The  mode  of the  inhe r i t ance  of seed weight  in 
rec iproca l  crosses of f lax (Linum usi tat issimum L.) 
dea l t  w i th  in th is  s t udy ,  has  been b r i e f ly  r e p o r t e d  b y  
S m i t h  and  F i t z s i m m o n s  (1964, 1965). In  the i r  t965 
p a p e r  the  au tho r s  have  p o i n t e d  out  t h a t  the  seed 
weight  in the  rec iproca l  f lax crosses t h e y  were dea l ing  
wi th ,  was i nhe r i t ed  in a m a n n e r  s imi la r  to  t h a t  r e po r t -  
ed b y  C h a n d r a r a t n a  and  Saka i  (1960) for rec iproca l  
r ice crosses. As in rice, the  seed weight  di f ferences  
be tween  the  rec iproca ls  a p p e a r e d  to be con t ro l l ed  
b o t h  p l a s m a t y p i c a l l y  and  geno typ i ca l l y .  However ,  
in c o n t r a s t  wi th  rice, the  nonequ iva lence  of rec ipro-  
cals w i th  respec t  to  seed size, expressed  i tself  begin-  
n i n g  wi th  the  second and  no t  the  f irst  f i l ial  genera t ion .  
This  fa i lure  of express ion  of rec iproca l  differences in 
the  F 1 gene ra t ion  was no t  exp la ined  sa t i s f ac to r i l y  a t  
t h a t  t ime.  

Materials and Methods  

At the t ime when the typescr ip t  of the previous paper  
(1965) was submit ted  for publication, the compilation of 
da ta  on seed-weight was not  complete. For  the present 
paper  all the seed-weight da ta  obtained for flax varieties 
Redwing and Beta  210, and for their  reciprocal crosses 
and backcrosses were used. All the family means, inclu- 
ding those for which there were no addit ional  data, were 
calculated anew. The s tandard  errors of the generation, 
or family, means were obtained from the corresponding 
"within family --  between plot"  variances. I t  was assu- 
med tha t  the parents  Redwing and Beta 210 were differ- 
ent  for seed-weight both p lasmatypica l ly  and genotypi- 
cally, and tha t  the hybr id  and its female parent  had the 
same plasmatype.  Therefore, the families were grouped 
into two supposedly plasmatypical ly  different sets, as 
given in Table 1, where "set of ~(R) families" and "set of 

~(B) families" refer, respectively, to families assumed to 
have the same p lasmatype  as Redwing (R) and to those 
assumed to have the same p lasmatype  as Beta 210 (/?). 
The formulation of the genetic models and the analysis 
of family means followed the pat terns  discussed theoreti-  
cally by  Aksel (1974), where the two sets of reciprocal 
families were expressed idiotypical ly in a generalized form, 
as {~(A), ok {a, b}k} and {~(B), u5 {a, b}~}. In these 
expressions r~ stands for plasmatype,  uk{a}k = set of 
alleles contributed by parent  A and u~{b}, ---- set of 
alleles contr ibuted by parent  B. In  the present case 
A = R {Redwing) and B = B (Beta 210). Consequently, 
we shall write u~{r}~ instead of u~{a}~. 

Exper imenta l  Results  

F r o m  the  d a t a  in Tab le  t i t  is obvious  t h a t  the  
seed-weigh t  means  of the  var ie t i es  Redwing  and  B e t a  
2t0,  re fer red  to  he rea f t e r  as R and  B, are  d i f ferent ,  
and  t h a t  the  means  of rec iproca l  crosses (RB) and  
(BR) in the  f irst  f i l ia l  gene ra t ion  are  the  same,  viz. ,  
2(RB)  F 1 -- ~(BR)  171 = 0.12 • 0 . t3  ~'. W i t h  th is  
i n fo rma t ion  alone one would  be inc l ined  to  conclude  
t h a t  the  p a r e n t s  R and  B were g e n o t y p i c a l l y  d i f ferent  
b u t  p l a s m a t y p i c a l l y  the  same wi th  respec t  to  seed-  
weight .  Such a conclus ion would  be va l id  if the  
e q u a l i t y  of the  seed-weigh t  means  of rec iproca l s  
were p re se rved  in the  subsequen t  gene ra t ions  of self- 
ing. The  differences  ~c(RB) F 2 --  2 ( BR)  F2 = - - t . 6 0  
• 0.29*** 1 a n d 2 ( R B )  F 3 - ~ c ( B R )  F 3 =  - - 1 . t l  • 
• 0 .15"* ca l cu l a t ed  f rom the  d a t a  (Table  t)  show 
th is  no t  to  be so. This  q u a n t i t a t i v e  gene t ic  nonequ i -  
va lence  of the  reciprocals ,  which  in the  p resen t  case 

1 In the tex t :  *** = P < O . O l ;  ** = 0.01 < P  
0.02; * = 0.02 < P ~ 0.05 and ns = P > 0.05 {usu- 

ally). 
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Table 1. Mean Seed-Weights of Redwing (R) and Beta 210 (B)  and of their Reciprocal 
Crosses and Backcrosses 

~(R) Set of No. of Mean Seed- n(B) Set of No. of Mean Seed- 
Families Plots ~ Weight (rag) Families Plots Weight (mg) 

R (self) 30 4.91 4- 0.04 B (self) 23 9.51 4- 0.23 
(RB) F~ 6 8.13 -I- 0.08 (BR) F~ 6 8.01 + 0.08 
(RB) F~ 3 6.09 4- 0.28 (BR) Fe 2 7.69 -1- 0.07 
(RB) F~ 18 5.84 -/-0.I0 (BR) F s 20 6.95 -4-0.1l 
[R(RB)] F~ 11 5.74 -t- 0.t5 [B(BR)] F'~ 6 9.35 4- 0.16 
[R(RB)] F 2 5 5.20 4- 0.1 5 [B(BR)] F~ 5 8.88 4- 0.28 
[R(BR)] F 1 4 5.88 4- 0.12 [B(RB)] F~ 12 9.00 4- 0.13 
[R(BR)] F~ 5 5.27 4- 0.t9 [(B(RB)] F., 5 7.92 4- 0.30 
[(RB) R] F~ 10 5.77 4- 0.18 [(BR) B] F~ 6 9.10 4- 0.t4 
[(RB) R] F~ 5 5.73 4- 0.19 [(BR) B] F~ 5 8.67 4- 0.25 
[(RB)] FI 12 8.79 4- 0.13 [(BR) R] F~ 6 5.99 4- 0.06 
[(RB)] F~ 5 7.83 + 0.18 [(BR) R] F~ 5 5.71 4- 0.tl 

1 The parental, F 2 
as compared to 7--9 

and F 3 plots were considerably larger than those of Fl's (# 40--100 plants 
plants, respectively). The entire experiment consisted of 6438 plants. 

manifested itself beginning with the F 2 generation, 
implies that the parents R and B probably differ 
with respect to seed weight both genotypically and 
plasmatypically. Furthermore, 

( 4 )  [~(R) + 2# (RB)F  1 + 2(B)] = ~(RB) F~ I l 

= --1.58 ~ 0.29*** (t) 
but 

( i )  = ~c( B R) F2 

= o.o8 4- O . l O  ' ~  . ( 2 )  

Since the reciprocal crosses R X B and B x R 
involve the same set of differential loci, the disagree- 
ment between the differences (t) and (2) confirms 
the plasmatypic inequality of the parents R and B 
[~(R) # ~(B) in Aksel's (t974) notation]. I t  also 
indicates that  the set of genes contributed by B to 
R x B hybrids has been affected by ~(R) but its 
allelic set contributed by R to B x R hybrids has 
not been affected by ~(B). In other words, since 
Fc(RB) F~ -- ~c(BR) F 1 = 0.t2 • 0.13 '~s and the differ- 
ence (2) = 0.08 ~= 0.t0 "s, the difference (t) = 
= - - 1 . 5 8  :~ 0.29*** has to be attr ibuted to both 
~z(R) va n(B) and the {n(R), uk{r}k} -- sensitivity of 
the set of genes contributed by B to the R x B 
hybrids, and not to epistasis. Let us consider the 
two sets of families individually. 

Set o! :~(R) /amilies. In regard to this set it is 
assumed that  the differential genes of B were affected 
in n(R) when contributed either by (RB) F 1 or (BR)F1, 
and were not affected when contributed directly by 
B itself (Aksel 1974, assumption 6c). Consequently, 
the system of linear equations for this set will be as 
given in Table 2, where the parameters m, [d] and [h] 
have the usual meaning (see, e.g., Mather and Jinks 
t971), the parameters A[a] refer to the effect of ~(R) 
on differential genes of B when heterozygous and 
homozygous respectively, the weights are reciprocals 
of the squares of standard errors of the respective 

family means and the e's are the differences between 
the expected and the observed family means. The 
weighted least square solution of the system of equa- 
tions given in Table 2 gives: 

m = 7.20 ~ 0 . t t***  , 

[d] = 2.30 • o a t * * * ,  

[hl = 0.93 • 0 .15"**,  

([hi -- AEh]) = --0.54 ~ 0.21",  

Ara] = 3.37 ~ 0.37*** 

The expected family means were obtained by sub- 
stituting the estimates of the parameters m, [d],/" = 
([hi --A[hl) and AId] in the corresponding equation 
in Table 2. The observed mean of the ith family 
(i = t, 2 .. . . .  t2) deviates from its expected value by 
e,. The adequacy of the genetical model was tested 
by z 2= ~ w,e~ with n -  k degrees of freedom 

i 
(n = no. of equations, k = up. of parameters to be 
fitted to them). The data in this particular case fits 
the model: Z * = 7.8393; DF = 7; 0.30 < P < 0.50. 

Set o/~(B) [amilies. I t  was shown that  

~(BR) F 1 -- ~(RB) FI ~--- 0 
and 

B ) ] ~ 0 ,  

i.e., as far as the F~ and F~ generations of the B • R 
cross are concerned, there was no indication of ~(B) 
effect on Utdr}~ or of non-allelic interaction. Conse- 
quently, ~,(BR) F 3 and its expected value 

(4) [5~(R) + 2~(BR)F,  + 5~(B)] , 

or 
d 

( 8 )  [3x(R ) A V 2 (J~R)F 1 -~ 3x( , ) ]  , 

would be the same. However, this happens not to be 
the case, since the pertinent data from Table t 
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Table 2. The System of Linear Equations for the Set z~(R) Families 

i Family Weight (wi) Equations of Differences 

l R (self) 625 m -- 
2 (RB) F~ 156 m + 

3 (RB) Fe 13 m + 

4 (RB) F a 100 m + 

5 [(RB) R] F~ 31 m -- 

6 [(RB) R] F~ 28 m -- 

7 [R(RB)] F~ 45 m -- 

8 [R(RB)] F~ 45 m -- 

9 [R(BR)] F 1 59 m -- 

10 [R(BR)] Fz 28 m -- 

If [(RB) B] F~ 51 m + 

12 [(RB) B] F~ 31 m + 

[d] -- 4.91 = e 1 
[ h ]  - -  8 . 1 3  = e2 

( 1 )  ( [ h i -  A[h])-  ( 4 ) A [ d l - - 6 . 0 9  e~ 

( 4 )  ([h ] -- Ath~)- ( 3 ) A [ d l -  5 .84=  e, 

(12) Ed] @ (12) ([h] -- ~l[h])- 5.77 = e~ 

( 1 )  [d] + ( 4 ) ( [ h  ] -- A[h ] ) -  ( 8 - ) A i d ] -  5.73 = e 6 

(~--)[d] + ( ~ ) ' [ h l - -  A [ ~ / - - ' 4 = e v  

( ~ )  ( 4 )  ( / )  
[ d ] +  ([h] -- Aih!) -- ~ A~a~-- 5.2O=e~ 

( ~ )  [d] + ( ~ - ) ( [ h ] -  zl[, , l)- 5.88 = e~ 

( 1 ) [  d] + ( 4 ) ( [ h ] - -  A[h')--(8)A[d]--5.27=elo 

(~-) [d] + (~)  Eh] -- S.79 = q, 

(~-) [d]-[- (~---) ([hi -- A[h])-  ( 8 ) Z l E d ] -  7.83 = e,2 

gives: 

( 4 )  [~(R) + 2~(BR) F 2 -t- ~(B)] = 2(BR) F3 

= --0.50 :j: 0 .13"** 
and, similarly, 

( 8 )  [3~(R) + 2 2 ( B R ) F ,  + 32(B)] = 2(BR) Fs 

= --  0.46 :~ 0 .14"** 

This result  is similar to t ha t  observed in F 2 generat ions 
of the R • B cross, with the difference tha t  there  is 
no x(R)  effect to supplement  the effect of u,{r},  on 
u,{b}k, t ha t  the onset  of the uk{r}k effect is de layed 
for one more generat ion (F 3 instead of F2) and tha t  
this effect is less pronounced,  viz., - -0,46 4- 0 . t4  
(P  < ( 0 . 0 t )  for (BR) F 3 as compared  to 

~(RB) 

= --1.60 4- 0 .13"** �9 

The genetic s i tuat ion in the backcrosses appears  to 
be complicated by  gene-dosis effects and by  the 
effects of pa terna l  p lasmatype.  The effects of the 
dosis of u~{r}k on the express iv i ty  of its allelic set 
u~{b}k in the [(BR) R] backcross are:  

2[(BR) R] F 1 --  (12)[aT(R) + 2(BR) El ]  = 

= --0.47 ~ 0.07*** 

and 

~ [ ( B R ) R ]  F 2 - - ( ~ - ) [ ~ ( R ) - b  ~(BR) F2] 

= --0.59 _+ 0 . t 2 " * *  

The  backcrosses [B(BR)] and [(BR) B] both  obtain 
uk{r}~ from a male paren t  having ~(B),  whereas the 
backcross [B(RB)] obtains u~{r}~ f rom a (RB)F  1 
male which has ~(R).  Assuming ug{b}k con t r ibu ted  
by  (RB) F 1 to have been affected by  uk{r}~, the la t te r  
backcross would be expec ted  to differ f rom the for- 
mer  two, which because of their  idiotypic  equa l i ty  
have to be the same. The  means  of [B(BR)] F 1 and 
[(BR) B] F1, and of [B(BR)] F 2 and [(BR) B] F~ are 
respectively,  9.22 • 0.11 and 8.77 4- 0.15. The  
effects of the doses of uk{b}k on its allelic set uk{r}~ 
in these backcrosses are:  

I9.22 4- o .1t / -  ({)E(9.st 4- o.23/ + (8.0t 0.08) 

= 0.46 ~ 0 . t 6 " * *  
and 

• 0.23) + (7.694- 0.07) 

= 0.17 4- 0 . t9  ~s 

in the F 1 and the F,  generations,  respect ively.  Con- 
sequent ly ,  in the F 1 generat ion the effects of the 
doses of u~{r}, and uk{b}k are ( - -0 .47 4- 0.07***) 
""  (--1) (0.46 4- 0.16"**),  whereas in F~ generat ion 
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they are (--0.59 • 0.12"**) =/= ( - - t )  (0.t7 4- 0.t9"*). 
The tests for gene-dosis effect in the [B(RB)] back- 
cross obtains 0.24 4- 0.19 ns and --0.68 4- 0.32* in 
the F, and the F= generations respectively. This 
fairly detailed analysis of the set of ~(B) families 
shows that  it is reasonable to postulate the following: 
when acting under z~(B) conditions the gene set 
%{r}~ affects its allelic set uk{b}~ in the B • R cross 
beginning with the F a generation and in the back- 
crosses beginning with the F= generation, except for 
the backcross [B(RB)] where it acts beginning with 
the F~ generation. Consequently, the equations for 
the expected observed family mean differences can 
be formulated as given in Table 3, where the param- 
eters d[< and ~[< pertain to gene-d0sis effects. 

A weighted least square solution of the system of 
linear equations given in Table 3 gives: 

m = 7.21 + 0.11"** 
[d] = 2.30 +_ 0.25*** 
[hi = 0.82 +__ 0 . t7"** 

ALh j = 0 . 6 6 •  ( 0 . 0 5 < P < 0 . 1 0 )  

Aid I -- 0.94 + 0.37 (P ~ 0.05) 
d[< = 0.97 _ 0.29** 

@~ = --0.33 :k 0.95 (P > 0.50) 

I t  was found that  Z = = ~ w,e~ = 7.386 (DF = 5; 
i 

6.10 ~ P ~ 0.20) which shows that  there is a fairly 

good agreement between the expected and the observ- 
ed values of family means. Both AEh ] and A[< are 
different from zero with a reasonable degree of reliabi- 
l i ty (0.05 ~ P ~ 0.10). Consequently, it may be said 
that  the gene-set %{r}k of Redwing has affected the 
expressivity of the allelic set tJ~{b}k contributed by 
Beta 210 even when acting under the n(B) conditions, 
but  its effect is delayed for one generation and is 
considerably less pronounced than that  of the {z~(R), 
%{r},} complex in the set of z~(R) families where 
(Ih] --A[<) - I h ] - - A [ h ] - -  1.47 and A : < = 3 . 3 7 4 -  
+ 0.37***. The parameters d[< ---- 0.97 4- 0.29* and 
hi< = --0.33 • 0.95 (P ~ 0.5) show that  in the ~z(B) 
families the expressivities of the allelic sets %{r}k and 
%{ b}~ were affected by gene-dosis when heterozygous 
only. 

D i s c u s s i o n  o f  t h e  R e s u l t s  a n d  C o n c l u s i o n s  

The analysis of the experimental data has shown 
that  the reciprocal crosses between the flax varieties 
Redwing (R) and Beta 210 (B) were not equivalent 
with respect to seed weight. This nonequivalence 
expressed itself phenotypically in the reciprocal 
crosses beginning with the F~ generation, and in the 
backcrosses and their reciprocals beginning with the 
F, or the F 2 generation. As expected, the estimated 
values of the parameters m, fll and ~h] in the az(R) 
set of families were not significantly different from 
those in the ~(B) set of families, the corresponding 

Table 3. The System of Linear E'quations for the Set of ~(B) Families 

Weight Equations of Differences i lVarnily (wi) 

7 

8 

9 

10 

11 

12 

1 B (self) f 9 
2 (BR) F 1 t 56 

3 (BR) F,,. 204 

4 (BR) F a 83 

S [(BR) BJ F1 51 

6 [(/JR) B] F= 16 

IB(BR)] F1 39 

[B(BR)] F= 13 

[B(RB)] F~ 59 

[B(RB)] F= 11 

[(BR) R] F~ 278 

[(BR) R] F.a 83 

m +  [d] -- 9.51 = Q 
m + E h ] - - 8 . 0 1  =e= 

+ , 6 9 = ,  

I 

1 , 

o + + § 9 0 0  = 

EIO 

812 
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differences being --0.01 • 0.06, 0.00 + 0.27 and 
0.21 + 0.23. 

The difference (1/2) AI< -- AEh 3 tests the effect of 
the state of zygosity of the paternal set of alleles on 
the degree of its loss of expressivity. Since in the 
analysis of the :~(R) set of families the parameter  
Ac< appears as a component of the parameter  
(Ih] --J[h~) this test was made by calculating the 
value and the s tandard error of the function y = 
: (t/2) A[< + ([h~ -- A[hl) -- Ih~ (Re. s tandard error 
of a function, see, e.g., Chebotareff 1958). Obviously 
y and (1/2) d E < -  A[< are equivalent. In this 
particular case y -= 0.22 _+_ 0.30us, and it can be said 
that  the loss of expressivity by the paternal set of 
alleles in the Jr(R) set of families was k'he same 
whether homozygous or heterozygous. 

In the ~(B) set of families the paternal set of genes 
i.e., the set contributed by Redwing, has not been 
affected in its expressivity. On the contrary in 
(BR)  F a, in [B(RB)]  F 1 and F~, and in [(BR) R] F~ it 
has adversely affected the expressivity of its allelic 
(maternal) set (AE< = 0.97 and A~< = 0.66; 0.05 

P ~ 0.t0) and this without being supplemented by 
~(R) as in the case of ~(R) set of families. The differ- 
ence (t/2) A[d3 -- A[h3 = --0.19 :~: 0.38"' shows that  
the state of zygosity of the maternal  set of alleleshas 
not influenced the degree of its loss of expressivity. 

The difference between Aft, 3 and (t/2)Ac< is not 
significant statistically in either set of families; hence 
AE< may be used alone to derive the conclusion that  
t00 [(AEa/~(R)) --  (dla/~(B)) + (&adzc(R))] = 72~ 
of the loss of expressivity by the set of differential 
genes of Beta 2t0 in the ~(R) set of families can be 
a t t r ibuted to the influence of Redwing cytoplasm 
and the remaining 28% to that  of the set of Redwing 
alleles. Consequently, the source of the nonequiva- 
lence of the reciprocal Redwing -- Beta 210 crosses can 
be considered as being both cytoplasmic and nuclear. 

The relative effects of loss of expressivity by  Beta  
210 genes in the ~z(R) and ~(B) sets of families are 
Acd]  - -  2Ed] = 0.73 and At< - -  2Ed] = 0.20 respecti- 
vely, i.e., the effect of {~(R), %{r}~} c {~(R) 
ok{r, b}~} on %{b}h is nearly four times that  of 
%{r}k c {~(B) uk{r, b}k }. By postulating the assump- 
tion of equality of gene effects, one could say that  in 
the ~(R) set of families ~--- 75~/o of the Beta 210 genes 
have completely lost their expressivity. The respec- 
tive figure for the ~(B) set of families is 20%. Provi- 
ded that  the, possibly unlikely, case of equality of 
gene-effects is true, the number of genes controlling 
the seed-weight difference between Redwing and 
Beta 210 must be either four or five or a multiple of 
either number. (Note that  75% = 100% X 3/4 and, 
20% = t00% X 1/5.) 

The presence of gene doses effects was revealed 
both by direct comparisons of the Mather's (1949) 
scaling test type and by the weighted least square 
solution of the system of linear equations implied by 
the ~(B) set of families. 

Zusammenfassung 
Als Material ftir die vorstehenden Untersuchungen 

wurden die kleink6rnige Leinsorte Redwing, die 
groBkSrnige Beta 2t0 und ihre reziproken Kreuzungen 
nnd Rtickkreuzungen verwendet. Die Mittelwerte 
des Samengewichtes (in mg/Samen) der reziproken 
Kreuzungen waren in der F 1 gleich, unterschieden 
sich jedoch in der F 2 und F 3, ebenso wie in den rezi- 
proken Rtickkreuzungen, signifikant voneinander und 
zeigten damit eine Ungleichwertigkeit hinsichtlich 
dieses Merkmals auf. 

Ausgehend yon der Annahme, dab Redwing und 
Beta 210 unterschiedliche Plasmotypen besitzen und 
der Bastard im Plasmotyp dem mtitterlichen Elter  
entspricht, wnrden die verftigbaren 24 Familien ein- 
schliel31ich der Selbstungen der Eltern in zwei geno- 
matisch gleiche, jedoch plasmatisch unterschiedliche 
Gruppen klassifiziert. Eine detaillierte Analyse der 
Familienmittel innerhalb der Gruppen ftihrt zu dem 
SchluB, dab die Vererbung des betrachteten Merk- 
mals verh~iltnism~iBig kompliziert ist. In der F 1 war 
die Menge der Beta 2t0-Gene tiber die allele Menge 
der Redwing-Gene partiell dominant ([h] ~ [d]). In 
den folgenden Generationen erleidet die Menge der 
Beta 210-Gene eine gewisse Einbul3e an Expressivi- 
t~it. Dieser Verlust betr~igt 73 ~/o in den Familien des 
Plasmotyps Redwing und 20% in den Familien des 
Plasmotyps Beta 210. Dieser Unterschied im Verlust 
der Expressivit~it und die Dosiseffekte, die vornehm- 
lich in den Familien mit dem Plasmotyp Beta 2t0 
nachgewiesen werden, zeigen, dab die Ursache der 
Ungleichwertigkeit der reziproken Kreuzungen so- 
wohl plasmatisch als auch kernbedingt ist. 
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