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L INTRODUCTION 

It  has been shown by Thompson (1957) that self-incompatibility in marrow-stem kale, 

Brassiea oleracea vat. aeephala, is determined by a multiple series of S alIeles and that 
the self-incompatibility system is of the sporophytic type. In the present paper  
methods for the recognition in inbred lines of plants homozygous for S alleles are des- 
cribed and discussed. Such plants would be needed if the present massrselection 

methods used in breeding the crop were replaced by a method involving the use of 

inbred lines to produce double-cross seed. 

II. METHODS 

t. Possible parental O,pes 

As is sumnaarised in Table 1, there are foul" possible types of parent plants which are 
heterozygous for S alleles. In the first type allele a is dominant to allele b in both 

pollen and style; in the second type a is dominant to b in the pollen but both alleles 
are active in the style; in the third type both a and b are active in the pollen but a is 

dominant to b in the style; and finally in the fourth type both alleles are active in both 
pollen and style. The possibility of a being dominant to b in the pollen but of b being 
dominant to a in the style (oz the reciprocal possibility) is not considered because 

plants possessing two such alleles would be self-compatible and not self-incompatible. 

9 Recogldsir~g S allele ao,,,oTvw,cs b~, lhe use of tke parent plant 

I t  is easy with marrow-stem kale to maintain by vegetative propagation (stem 
cuttings) any selected parent from which an inbred t~mily has been obtained by bud 
pollination. Heuce one method of searching for S allele homozygotcs would be to 
pollinate eleven members of the inbred {itmily by their parent and also to pollinate 
the pa,-ent with the eleven inbred plants (eleven plants are used because this is the 
numher needed at a probability level of P=0-95  lbr there to be present al least one 

plant of each homozygote). Any plants giving compatible pollinations with the parent 
(i.e. the heterozygoIe a b of Table  1) would be homozygotes for an S allele which was 

recessive in either pollen or style or both (see Table 1). No compatible pollinations e ) . . " 
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would, however, occur if the two alleles were active in both pollen and style (i.e. type 

4. of  Table  1), and, since it is compatible pollinations which make possible the recog3~i- 

tion of  S allele homozygotes, the use of the parent  plant  is no good for such families. 

' I :  is therefore suggested that it is better to use one inbred plant  as a female 'tester' 

p lant  in pollinations with eleven others and to use another inbred plant  as a male 'tester' 

plant  in pollinations with eleven others. Even if both the 'tester'  plants picked for 
use in the pollinations are heterozygotes, the situation wilt be no worse than if the 

parent  plant  (itself a heterozygote) had been used. 

On the other  hand the use of  the parent has some advantages over using random 
plants in an inbred progeny. First it will be known that  the parent  plant is not  self- 

compatible,  and secondly the parent  plant will have been chosen so as not to be either 

male or female sterile. The  two 'tester'  plants, chosen in an inbred family, can= of 

course, be tested to make sure that  they are not self-compatible and that  they are male 

and female fertile. Such tests, however, take time, and the results may  not be avail- 
able before the test pollinations for determining iucompatibil i ty groups have to be 

nl ad e. 

3. Suggesled method for recognising S allele homozyootss 

The  first part  of  the suggested method for recognising S allele homozygotes is to 

use one plant  of  the inbred family as a female pa,-ent and another  plant as a ma]e 

parent  in pollinations with eleven plants (see previous section). Unless the parent 

p lant  was either a homozygote  or  a heterozygote with the two alleles having a type 4. 

relationship of Table  1, some compatible pollinations should be obtained (compatible 

pollinations may  be found in some cases for type 4). The  compatible pollinations 

will make it possible to split the family into two groups (with a very fortunate choice 

of  the two 'tester '  plants it m a y  be possible to differentiate three groups for types 2, 

3 and 4 o f  Table  I). The  smaller group, if only two have been recognised, is likely 

to be the homozygotes (with the small number  of plants involved care must, of  course, 

he taken in using this assumption). 

T h e  second part  of the suggested method consists of  using the parent  both as male 
and female in pollinations with any two inbreds which gave compatible pollinations. 

Since it is known that the parenl is the heterozygote, the results of  these pollinations 

should show which group, or groups, of  plants are homozygotes and what  is the relation- 

'ship between the two alIeles in the parent.  

T h e  third par t  of the suggested method consists of  using the plant,  or group of plants, 

now known to be homozygotes for one allele, to find the homozygotes for the other 
allele. This will not be necessary if the parent is o f t y p e  4 (see Table  I) since the only 

compat ible  pollinations are between homozygotes;  and it will not be possible, except 

by progeny  testing, if the parent  is of type 1 because the heterozygotes and the homozy-  
gotes for the dominant  allele behave similarly (see Table  1). 

I f  no compat ible  pollinations are obtained fi'om the first par t  of  the suggested method,  

further  pollinations can be tried or an alternative method used. This ahernat ive 

method:  which would take another year, involves crossing the p~rent with an S allele 
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homozyg~te known to be low in the dominance series. This would give plants with 
only one of the dominant aIleles of the original parent, and these plants could be used 
to find plants of the inbred t~mily which are homozygous tot' the other allele. 

The experimentai work on the recognition in inbred families of plants homozygous 
for S alleles described later in this paper  has been carried out more or less as described 
in the suggested method above, but it was not, for example, always necessary or possible 

Io use the parent plant. 

4. Experimcl*tal methods 

The inbred families were all grown from seed obtained by bud-poLlinating the 
parent plants. As in Thompson (1957) all pollinations were made in the gLasshouse. 

Plants were tested for being self-compatible or self-incompatible by pollinating about 
ten flowers of one inflorescence at the open-flower stage. Female fertility was checked 
fi'om pollinatiuns by an urn'elated plant, not by bud-pollination as in Thompson (1957). 
Ten flowers on one inflorescence were used also in the pollinations to determine the 
cross-compatibility of two plants. The compatibility o[ crosses is expressed in the tables 
as the average number of seeds per fruit, the number of seeds being usually de~ermined 

by examining green, immature fl'uits. 

Irr. REsuLTs 

t. Family 5 (erie allele dombzanl l~ lhe oliver i~z 5oth potle~ ~zTzd sO:le) 

The pollination results for family 6, obtained from plant B 33 selfed by bud pollina- 
tion, are given in Table 2. Pollinations were made in both I956 and L957. TweIve 
of the sixteen plants were crossed as female parents in 1957 by 3L/35 which was known 

to be compatible with B 33. With the exception of plant 8 all these pollinations gave 
a high set o~'seeds per fruit. Plant 8 aIso gave a low set of seeds per fruit when pollinated 
by plant 7 in 1957, although it gave a high set in 1956. AlL plants of  this family there- 

fore have a high femalei fertility. 
The  results from selfing the plants in the two years suggest that three plants (6, 9 

and 16) are more or less self-compatible. I f  these three plants really are self-compatible, 
then it would appear that theit~ self-compatibility is due to them being homozygous for 

a recessive gene which is independent of the S alleles. 
In the search Lbr S allele homozygotes fiReen plants of the I:amily were all crossed onto 

two plants, 13 and 4, in i956 and were crossed by a single plant, number 7. As can 
be seen from the results given in Table 2a, the crosses onto plant 13 as female parent 

split the twelve self-incompatible plants into two groups, nine plants (group A) being 
cross-incompatible with plant 13 and three (group B) being cross-compatible. Plant 
7 as male parent also distinguishes the same two groups. Using plant 4 as a female 
parent in 1956, however, did not show any such division o[" the ['amily, but a repeat  of' 
the 1956 pollinations in [957 showed that plant 4 and plant 13 behaved similarly as 
female parents. The difference between the 1956 and 1957 results ['rom using plant 
4 as a female parent is, probably to be explained by the fact that the [956 pollinations 
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Recognition of homo43~goles for incompatibility 

(b) p~lli~mtio,~ with parent (B 33). B 33 Selfed-.-1956, 1.3; 1957; 7"6 seeds!fhdt 

Av. no. seeds/fruit ii'om pollinations 

P, 33 as male B 33 as female 

1956 957 I 1956 1957 

~-4 - -  0"0 0'2 

- -  5.6 

26.7 24.0 

5.4 

- -  2 9 - 0  

26-0 

- -  4-9 

27.2 

--  24.9 

30.1 

- -  2 , 1 . . 7  

27.2 

were made on the first flowers of the first inflorescences to come into flower, while 
in 1957 they were made at a later stage. 

The  results in Table  2a suggest very strongly that  the three plants of  group B are 

homozygotes for an S allele which is recessive in both  pollen and style to the other allele 

present in the parent  plant. This was checked by reciprocal pollinations with the 

parent  (Table 2b), and it was found that group B plants gave compatible pollinations 

both ways with the parent.  Plants of  group A, which presumably includes both the 

homozygotes for the other allele and the heterozygotes, are also as expected cross- 

incompatible with the parent. The  homozygotes for the other allele can only be found 

by progeny testing as is illustrated for family 3 in the next section. 

2. Family 3 (one allele dominant to the other i,z both pollen and style). 

Family 3 of Thompson  (1957) was obtained fi'om setting plant 31. There  were 

a few self-compatible plants, and intra-family pollinations of the self-incompatible plants 

were all incompatible. A family front plant 31 crossed with another selection, known 

to be heterozygous for S alleles, contained four incompatibility groups. Thus  plant  

3I wa~s not an S allele homozygote,  and it is probable,  though not proved, that  the inac- 

tive S allele in plant  31 is a self-fertility allele, low in the dominance series. The  recog- 

nitioa ofhomozygotes  for the dominant  (active) allele in family 3 thus requires the same 

method as would be needed for recognising similar homozygotes in family 6 and in other 

li-xmilies where one allele is domhmnt  to the other in both pollen and sty'le (i.e. type 

1 of Table t). 
The  method lbr recog'nising the homozygotes is to cross eight plants of  those knowr, 

to be either homozygous or heterozygous for the dominant  allele with a plant  homo- 

zygous for the recessive (inactive) allele (this is again for a probability level of P =0 .95) .  
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Five plants from each of the crosses are then pollinated with plants homozygous for the 
recessive allele. If all of" these pollinations are compatible, then the 1)arent of this 
cross is a homozygote for the dominant allele (see Table 3). Alternatively the five 
plants li'om each cross can be pollinated with the original parent. I f  all of these polli- 
nations are incompatible, then the parent of this cross is a homozygote for the dominant 
allele (see Table 3). 

Table 3. Recognition of planls homozs~gous for an S allele which is dominaul 
in both pollen and style. 

(a) It is required to recognise aa plants in a mixture of aa and c/(b) produced 
on selfing an a(b) parent (a=dominant ,  active allele and (b) =recessive, inactive 
allele in the ab heterozygote). 

(b) Normal method. 
(i) Cross with bb 

aa >: bb--+all a(b) 
a(b) x~b--+l a(b) : 1 bb 

I ii) ~/(b) and bb seedlings fiom above crosses can be recognised fiom pollinations 
with either ~/(b) o," bb. 

(c) Modified method used for family 3 of this paper. 
(i) Cross with co. 

da' • cc_+ all a(c) 
a(b) "<cc-~l a'(c) : 1 b~ 

(ii) a(c) and be" seedlings fi'om above crosses can be recognised flora pollinations 
with either a(b) or cc. 

For the recognition of pl~.nts homozygous for the dominant S allele of thmily 3 it was 
not possible to use the recessive S allele homozygotesof this family because such plants 
are probably self-cmnpatible. In their place there was used plant 300/14 (o1 in one 
case 300/12), an S allele homozygote fi'om family 2 of Thompson (1957). It was klaowll 
that the allele in plant 300/14 was recessive to the dominant S allele in plant 31, but also 
active iu the presence of the inactive S alielc of plant 3I (Table 3). The  crosses were 
made using plant 300/14 as female parent and the family 3 seedlings as males. Because 
300/14. is non-hairy and because plant 31 is homozygous ffw a dominant gene which 
gives hairiness of the margin of seedling true leaves (Thompsor b 1956), it was possible 
to check that the progenies did not include any accidental sells. 

The  results of pollinations of the seedlings in the progeuies fi-om the cross of 300/14 
by family 3 plants are given in Table 4. Nearly all seedlings wcre highly self-incom- 
patible, and nearly all showed a high tkmale fertility when pollinated by the unrelated 
inbred 252/15. The pollinations by plant, 31 and by plant 300/14. nearly all gave 
results which allowed a classificatimt of the seedlings into the two expected incompa- 
tibiIity groups to bc made. It was also found, as was expected, that seedlings incom- 
patible with plant 3I were compatible with plant 300/14, and that seedlings compatible 
with plant 31 were incoml)atible with plant 300/14.. 
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I t  was  c l ea r  f r o m  the  Iirst r esu l t s  t h a t  on ly  o n e  i n b r e d ,  p l a n t  31/35, m i g h t  b e  h o m o  

zygous  For the  d o m i n a q t  S allele.  T h a t  p l a n t  31/35  is such  a h o m o z y g o t e  was  showr  

b y  f u r t h e r  tests on  a n  e x t r a  four  seedl ings  f i o m  the  cross 300 /14  x 31/35 .  T h e  p roba .  

b i I i ty  t h a t  31/35 is no t  a h o m o z y g o t e  b u t  a h e t e r o z y g o t e  for t he  S al leles  is less t h a t  

0.002.  

3. Fami[y 7 (one aUde domiuanl in the pollen: but bolh alleles active in the slyle). 

T h e  resul t s  lb r  f ami ly  7 fi 'om P l a n t  A [68 se[fed by  b u d - p o l l i n a t i o n  a re  g i v e n  in T a b h  

5. AIJ, seed l ings  g a v e  a h i g h  set  ot" seeds pe r  f rui t  w h e n  crossed w i t h  tl~e u n r e l a t e (  

p l a n t  A 162/2. O:he seedl ing ,  p l a n t  2, a p p e a r s  to be at  least  p a r t i a l l y  s e l f c o l n p a t i b l e .  

T a b l e  4 .  

Cross 

300/14>, 31/27 

300t14• 31128 

300!14:4 31/30 

300/I4 x 31/32 

300/I4X 31/33 

300/14 X 31/35 

Further itwestigations of family 3 p&,ts to f i ,  d domi, a,t S allele homozy,,~otes. 

Average number of seed~/fi'uit set by.seedling 

Seedling Self, open 
No. flowers 

1 9"3 
2 2"6 
21 

3 0 - 0  
4 
41 

5 14-7 

I 6-4 
2 2.6 
3 2.9 
# 3-3 
5 2-7 

1 2-0 
i ~ 4.1 
2 2-3 
3 I-8 

5 6.5 

i 20-7 
2 10"6 
3 0.O . 
4 
5 

1 2.3 
2 
3 t6-4 
4 
5 7.2 

I 0.4 
2 0-1 
3 0-1 
4 l '5 
5 
6 z 1.7 
7 z t-9 
9 -~ 3-:3 

10 ~ 3-i 

Type of 

252/15 

2+9 
28-7 
35,6 
24-0 

5"6 
24'i 
18-I 

27-2 
27.3 
29-9 
24-0 
27-0 

18.3 
24-8 
15"5 
16.4 
24. I 
23.7 

31.2 
23.6 
25.6 
28-4 
28-7 

18.1 
24-3 
2,1-.6 
30.6 
18.4 

32.5 
27.5 
26.8 
27-4 
22-7 
28-0 
25-8 
31.2 
25-6 

in crosses with plants seedling 

31 =a(b)  300/I4 =,cc I l-D5(c} P=I)~ 
i 

27-1 
1,0 
2.5 
0.5 

12,1 
25-1 
17-7 

23'5 
1.0 

28-1 
0-I 

25.2 

0 ' 6  " 
9.9 
2-8 

16,4 
21.9 
13-5 

25-6 
0.4 

28-1 
1,I 

7.2 
31.6 
23.2 
30,1 
30.0 

4.9 
t.8 
0.5 
0.8 
[-4 
0.3 
1.0 
1,2 
0.5 

I 
5.6 ~ p 

13.9 } 
35.3 7 FI 
15.2 i t t  
14.2 I .. p 
16-0 1 " 
4-2 p 

i0-8 ' p 
15.9 H 
10.2 p 
9,5 
7-3 p 

6.5 
23.8 } 

9-6 j 
3"2 
0'2 

I9'3 

25.2 
6.5 
8.6 
2-7 

18-9 

12'0 
7"2 
0"4 

1 '1-'5 
7"5 

24"6 
23"8 
13-2 
24-6 
1 .I--2 
21"9 
20"I 
21"5 
19"6 

H 

H 
P 
P 
H 

? 
P 
H 
P 
H " 

7H 
P 
P 
P 
P 

H 

H 
H 
F[ 
H 
H 
H 
H 
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G,'oss 

300/14x 31/36 

300/14>: 31/37 

300/i4 ;.'. 31/38 

300/14 ~ 3t /39 

Sccdling 
,No. 

1 
2 
3 
4 
5 

/ 

2 
3 
4 
5 

1 

2 
3 
4 
5 

I 
11 
2 
3 
4- 
5 

Average n u m b e r  of seeds/'fi'uit set by seedling 

in crosses w'ilh plants Self, open 
flowers 

0.I 

2-5 
1-3 

3.1 

0.2 
1-7 
0.8 
3.3 
2-4 

0.0 

3-4. 
0.5 
0.2 
0.4, 

252/15 31 

33-5 
24,2 
25.2 
16.4 
21-7 

25.0 
23-0 
27-2 
18.8 
28-0 

20'3 
26"7 
23'7 
26-1 
22.-t 

10-3 
26.8 
31.3 
25.8 
29-7 
32.6 

=i i(b)  300/14=cc  

34.3 0-5 
0.7 10.7 
3.1 I6-7 

14.8 0.6 
29,6 0-0 

1-8 20.4, 
0.7 19-8 

28.5 24- 
1 3  - 6  '2 .2  

28.9 5.7 

18-5 0.2 
32-9 1.8 

-- ~ 4-1 
22-3 0.6 
25-0 

- -  5.8 
3,t--8 8.0 

- -  25-6 
5-I 16.2 
-- 2 3 . 2  

'2-9 27-2 

Type ' o f  
seedling 

H=a(c) 
P = b &  

P 
H 
H 
P 
P 

H 
H 
P 
P 
P 

P 

P 
? P  
P 
P 

1p 
t 

1t 
H 
H 
H 

1 Repea t  pollinations 2 Additional plants pollinated later. 
3 Type  of seedling--]-I=~,(e),  i.e. compatible with 300]14 (cc), but  incompatible with plant  3I (a b) - -  

sce Table  3c. 

Table 5. Family 7from planl AI68 seIfed. 

Average n u m b e r  of seeds/'fi'uit from pollinations 

A162/2 
as male Catrou p 

Plant  
No. 

6 
, 7 

C 10 
17 
19 

t 

3 
1̀- 

D 5 
8 
9 

11 
18 

E 20 

30.0 - 
33-4. 
22.1 
21-0 
28.1 

28.4 
30-3 
24-2 
34.5 
33.7 
39-4. 
3,1-3 
30'0 

2I-5 

Sells 

m s ! _ _  1957 

- -  I ' I  

2"t 5-1 
- -  0-7 
-- 0,1 
- -  2,3 

- -  1-7 
3.6 7-I 
- -  1,5 
1 . 5  5 - 8  

1 - 2  4 . 0  

i ' 6  7-0 
-- 2.7 
- -  8,3 

- -  0 - 8  

Plant  2 
a s  malc 

13-8 

20.1 

23-5 
1 3 " 4  

21.i 

I ,~ 137 

_{ 2_ . . . . . .  "i . . . . . . . . .  -_ 
* P o l l i n a t i o n  r e p e a t e d =  "2 seeds/fruit, 

Plant 8 as lim~ale 

1956 I957 

2"2 0"0 
2"t 
0-4 
- 1 . 4  

- 0'3 

2'9 1 "3 
3"0 
4'2 1"I 
2"2 0"7 

1.2 0'8 
0'7 
- 1.8 

- -  2"5 

13'4- 

Plant 20 
as f emab  

34.8 
33.4 
33-7 
29.l 
27"0 

30-6 
34--8 
34 -2 
34-6 
34.4 
32.5 
30-2 
32-3 

Plant  20 
as male 

24"4 
28"6 
24"6 
20"8 
30'0 

6.(1 
4-7 
4"9 
8"1 
2"5 

I1'0 
14"9" 
3'7 
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The first pollinations made in the search for S allele homozygotes were with plant 
2 as male pm'ent in 1956. The five pollinations all .appear to be partially compatible 
and are of no use for the analysis of the/ 'amily. The second set of pollinations made 
in 1956 were with pin,at 8 as female parent. The  nine pollinations other than that by 
plant 2 all appeared to be incompatible. Further pollinations with plant 8 as female 
parent were nmde in 1957 and all these were also incompatible. Since a total of thir- 
teen plants gave incompatible poIlinations with plant 8 as female parent,  and since 
such a number of plants would be expected to include at least one plant homozygous 
lbr each of the two S alleles present in A 168, it is reasonable to suppose that  plant 8 
is heterozygous for two S alleles which have independent activity in the style (see 
Table l). 

A series of pollinations using another seedling, plant 20, as f"emale parent  were also 
made in 1957. I t  gave compatible pollinations with all the thirteen inbreds, including 
plant 8, crossed onto it. Assuming plant 8 to be heterozygous, this must mean that 
plant 90 is homozygous for an aUeIe which is recessive in the pollen, i.e. we are dealing 

with a case of type 2 allele relationship of Table I. 

Recognition of the homozygotes for the other allele is now easy because only they will 
give coml)atible pollinations when plant 20 is used as a male parent (see Table  1). 
Of  the thirteen inhreds tested, five appear to be homozygous for the S allele which is 
clomitlant in the pollen. These are the group C of Table  5, group D being the hetero- 
zygotes�9 

I t  was not possible to check the above analysis by pollinations with the parent, A 
168, as this was dead�9 The segregation, tbund in the family, of' 5 homozygous for 

one a l l e i e :  8 heterozygotes : 1 homozygous for the other atlele with one possible 
self-compatible plant is a fair fit to a 1 : 2 : 1 ratio. 

Family 7 is also of interest as showing a possibIe linkage of the S allele which is rece- 
ssive in the pollen with one kind of female sterility. Thus plant 20, the recessive 

homozygote, produced 80 per cent of shrivelled seed when selfed by bud pollination or 
crossed as female parent with A 162/2; pIant 1i, one of the S allele heterozygotes, 

formed about 50 per cent of shrivelled seed when selfed by bud pollination; and plant 
6, one of the dominant 'homozygotes,  gave only 4 per cent of shrivelled seed when bud 
pollinated. 

4. Family 8 (both alleles active i~z the pollen, but o~w allele dominant ia the style). 

All fourteen plants of family 8 from plant B 96 selfed by bud-pollination gave a 

gored set of seeds when pollinated with the unrelated plant 300/10, and. with the excep- 
tion of plant 7, they are all highly self-incompatible (Table 6). 

The search for S allele homozygotes was begun by crossing thirteen plants onto plaut 
6 as female parent, and by using plant 14 as male parent in crosses with the other thir- 

teen inhreds. As is shown in Table 6, plant 6 was compatible as female parent  with 
four inbreds, but no compatible pollinatiom were found when plant 14 was used as male 

parent, although there was a rather high set with plant 4. The results ['or plant 14 
suggest that this plant is a heterozygote and that the two alieIes have independent 
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activkies in the pollen (see Table  1). I f  this is so, plant  6 may be either of the two S 

allele homozygotes or the heterozygote, and the ibm" inbreds giving compatible  polli- 

nations with p lan t  6 must be homozygotes for either the dominan t  or the recessive 

allele (see Tab le  1). 

Test pol l inat ions  of two of the four inbreds (plants 10 and 12, see Tab le  6b), which 

gave compat ib le  pollinations with p lau t  6, with the parent  show clearly that  they are 

homozygotes for the allele which is recessive in the style because it is only such homo- 

zygotes which give compatible poll inations with the heterozygote (see Tab le  1, type 3 

parent) .  Test  polEnations of one of the ten inbreds which did l~.Ot give compatible  

pol l inat ions with p lant  6 (see Table  6 B, plant  16) and of p lant  6 itself with the parm2t 

Confirms that  these two plants are either heterozygotes or homozygotes for the domi- 

n a n t  allele. 

H a v i n g  'recognised holnozygotes for the allel.e which is independen t  in the pollen 

and recessive in the st)de, it is now easy to search for the homozygotes for the othm 

allele. Plants  homozvgous for this allele, which is active in bdth pollen and  style, will 

T a b l e  6. Family #~om plant B96 selfed. (a) fntra-famil_y pollinations. 

Plant 
Group I No. 

. . . .  

F : 4 

3 
6 
7 
9 

G 11 
I4- 
15 
I6 
I7 

5 
I1 I0 

i 12 
13 

Average number of seeds/fruit 

as femaIc parents 300/10 
a s  m a l e  SeIi~ 

28.8 0.4 

28-7 
29.5 
29.3 
27.7 
26"2 
32-7 
24" 1 
23,8 
21-5 

0.7 
0-2 

10-2 
0'6 
0.0 
0.5 
0-2 
0.2 
0-0 

i.4 
0. I 
0-I 
0.1 

Plant 6 
as female as male 

0.6 

Plant 14 

16-6 

0.5 
1 .'l- 

12-7 
4.0 
0.6 

3-4 
0.1 
2.9 

24.4 

2.8 

7.5 
9-3 

10 

30.0 
25.8 
27-t 
20.5 

0.2 

1'1 
0"7 
0'l 
1'4 
0-2 
2"1 
1-2 

i 

, 29'9 
' 3 1  "9 

35'0 
32.7 

t 

0 - I  
- -  1.2 

- -  2.1 

! 

7.5 
2.3 
I.t 
4.0 

(b) Polli,aSoJ~s with pare~a. (B 96). B 96 Sdfed--9".t seeds/fmi~ 

Average seeds/fruit 

Plani B 96 B 96 
Group No. as male a~ Ib,nalc J 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

G 6 4-4 5.8 I 

' 16 - -  3.8 

H I0 1-6 32-9 

12 2.5 32-8 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  j . . . .  

_.. 12 I IS 

2:1 

O. 7 
'2.9 
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give compatible pollinations when used as male pareltts in pollinations with the holno- 
zygotes tbr the other allele (see Table 1). All four plants which gave compatible polli- 
nations with plant 6 as female parent were crossed with the ten plants which did not 
give compatible pollinations with plant 6. A single pollination, plant 5 x plant 4, was 
!hund to be compatible. This means that plant 4 is homozygous for the allele which 
is dominant in the style. The check pollinations using plant 4 as male parent with 
plants 10, 12 and 13, the other three plants in group H of Table 6, have not yet been 
ulade. 

5. Family 9 (both alleles active il~ both pollen aim s(~,le). 

~fhe pollination results 1"o1" family 9 from plant B 120 selfed by bud-pollination are 
given in Table 7. The results are complicated by the fhct that several of the inbreds 
show a high degree of female sterility, see especially the results for pollinations by the 
mwelated plant 31/35. All the plants with high seed sets by 31/35 are, however, highly 
self-incompatible. 

Tb-e search for S allele homozygotes was commenced by using plant 8 as female 
parent and plant 19 as male parent in polIinations with the fifteen other inbreds. Plant 
t9 gave no compatible pollinations and is therefore probably heterozygous ibr two 
alleles which have independent activities in the pollen. Fortunately it was noticed 
for plant 8 that there was a pronounced colour change of the stigmatic surface from 
yellow to dark brown or black in the two days following pollination by plant 31/35. 
No such change in stigmatic surface colour occurred when plant 8 was selfed nor when 
it was crossed with plants I0 and 17 and with all the plants (including plant 19) of group 
K of Table 7. There were, however, colour changes with the ibur plants of group L. 
Since similar stigmatic surface cotour changes had been noticed previously in some other 
plants for compatible and not for incompatible pollinations, it was suspected that the 
four plants of group L were S allele homozygotes ; although, when figures for seeds 
per fruit were obtained later, there were no indications of any compatible polliaations 
because of the high female sterility of plant 8. It  is also interesting to note that Bateman 
(1954) observed a fi~.tshing of the stigmatic surface colour in Iberis amara after compatible 
but not after incompatible pollinations. 

TEe next step in the analysis of the family was to use plant 9, one of the suspected S 
allele homozygotes, as a female parent in crosses with plant 8 and the eleven inbreds 
which had given no colour changes when used as male parents with plant 8. Plant 
9 was not the best plant of the lout to have chosen as it was found later to have a certain 
degree of female sterility. Its use did, however, enable three plants homozygous for 
the other allele to be reeognised (i.e. g roupJ  of Table 7). 

The final pollinations were made using plants 17, I4 and 1~ as f?ma/e parents. They 
were chosen for their high seed fertility (see pollinations bY 31/35) and represent one S 
allele homozygote (group j ) ,  the heterozygote (group K) and the other S allele homn- 
zygote (group L) respectively. The results for these pollinations show conclusively 
that the two alleles in this family have independent activities in both polIen and style 
(i.e. a type 4 relationship of Table 1). 
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T a b l e  7. Fa,ffgy 9 fiom plan! B120 sdfed. 
I n t r a - f a m i l y  p o l l i n a t i o n s .  

[ Average number  of secdslfi'uit 
I 

Plant  I 31/35 
Group No. [ as male  
. . . . . . . . . . . .  ! . . . . . . .  

j 1~ I-7" 
0.5 

17 15.8 

l 4-1 
3 4.5 
4 8.8 

11 16.0 
K 12 t2.3 

13 7-2 
14  2 2 - 9  
15 2.9 
19 2-i 

2 19.9 
L 9 8.7 

16 0-2 
18 14-3 

Selt~ Plant  19 
as male 

0"0 0'8 
0.0 0.0 
0.4- 3-6 

0-0 0-0 
0.0 0.3 
0-0 0.0 
0-7 0-6 
0-0 0.8 
0-1 0,5 
0, I 0-2 
0-0 0-6 
0-3 

0.0 0.2 
0-2 2.1 
0"0 0.0 
0.3 1-6 

as l~malc parents 

Plant 8 

0.5 
0-3 

0-5 
1.4 
1.7 
1.8 
0.6 
0-9 
0-7 
0,8 
0-8 

2"8* 
I "6* 
1 "4*' 
1 "8' 

Plant  9 I Plant  17+, 
. . . . . . . . .  i 

7-8 [ -- 
10.9 2.5 
9.0 

i 
0 . 5  I - 

0.5 i -- 
1.0 
0'5 4..7 
0 - 0  
0 - 9  1.4- 
1-0 3.4 
0.7 ,. -- 
<2.1 3-6 

- -  19.0 

-.- 17-3 

[ Plant  14-j" Plant  I8~ 
I . . . . . . .  

0.9 19-3 
0.7 
-- 20.4 

0q 0-6 
- -  0,3 
- -  1.3 
0-0 0.7 
- -  0.1 
0"2 1.7 
- 0-2 
0-0 0"1 
0.2 i -6 

0 - 0  
0 .1  

0-1 

"*" These pollinations showed darkening of the stigma. 
~" These ligures are based oil averages of seed set from 5 Io 7 l]owers inslcad of 10. 

T a b l e  8. Family ]Of  tom plant A162 selJed. 
I n t r a - f a m i l y  p o l l i n a t i o n s  a n d  w i t h  p l a n t  3 0 0 / 1 0 .  

I Average number  of sceds[fi'uit fi'om 
Plant  . . . . .  

Group No. SeIfs 1 31j35 Plaht 4 PIant 7 300it0 
I as male as female as male as male 

. . . . . . . .  i 

1 0.3 ! 25.0 0,I 0.2 6.9 

3 0. ! 25.3 0-0 0-3 7-9 

4. 0-1 ! 28.3 -- 0.0 1.0 

M 6 0 . 0  I 5 -q  0-0 0-0 0.  

7 0.2 26-0 0-0 -- 5.0 

8 0-0 4-5 0.0 0.0 2.0 

13 0'0 i 17"3 0'2 I-6 5'7 

i 

-- } ~ ~, '29"9 . _. ". 0-0 0"0 
I 

N 5 0,0 i 2.6 0-0 0.0 5.6* 

12 0.11 I 9 - 5  - -  0 . 0  1 3 - 9  

15 2.2 ] 28.0"f- 0.0 0.0 2+3 
I 

* ]repealed--18"4 at same time as pollinations made  on plant  5 as li'malc. 
"[ From only -1 flowers. Orlty 2.5 per ecnl good seed, remainder  shrivelled. 

Plant 2 
as female 

0"3 

0"6 

Plant  5 
as female 

0'0 

0"9 

0"2 

0'2 

0"0 

(1"2 

0"0 
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6. Family I0 (both alleles" active in both pollett and style). 

In family 9, the parent of which has two alleles with independent activities in both 
pollen and style, it was fortunate for the recognition of S allele homozygotes that one of 
the two plants chosen for the first set of pollinations was an S allele homozygote itself. 
Family t0, which will now be eollsidered, can be used to illustrate a possible procedure 

when neither of the two plants chosen tbr the first set of pollinations is a homozygote 

(see also penultimate paragraph of part I I  section 3). 
The results fbr family 10 from plant A 162 selfed by bud-pollination are given in 

Table 8. All plants ave self-incompatible and all but three gave a high set of seeds per 

li'uit when pollinated by the unrelated plant 31/35. In the search for S allele 
hqmozygotes plant 4 was used as female parent and plant 7 as male parent in pollinations 
with the other iabveds. No compatible pollinations were [bunS. This suggested that 

the two alleles il~ the parent were both active in both pollen and style, plants .4: mad 7 

both probably being heterozygotes. 
Fortunately a pollination had been made in the previous year between plant 4 of 

family 10 as female and piant 300/10 (see {hmiiy 2 of Thompson, I957) and found to be 
incompatible. Because plant 300/.10 was known to be heterozygous for an allele 
which was dominant to the other in both pollen and style, it followed that the dominant 
allele in 300/10 was one of the alleles present in family i0, and that 300/10 could be used 
as a parent to recognise homozygotes for the other allele in this family. In other cases 

it woltld, of course, be necessary to produce plants of similar allele relationship type to 
plaat  300/10 fi-om crosses with a homozygote for an S allele low ia the dominance 

series. Using 300/10 as a male parent, four compatible pollinations were obtained, and 
these suggest that the group N plants of Table  8 are homozygotes for the S allele not 

present in 300/10. An attempt to find the.homozygotes for the other S allele by using 
group N plants as female parents was not, however, successful, and it would appear  that 
all the plants in group M of Table 8 are heterozygotes. Since, however, group M plants 
are incompatible as female parents with 300/10 and as male parents with group N, this 

other allele must lie active in both pollen and style. The allele present in group N 
plants is also active in both pollen and style, because group N plants give incompatible 
pollinations both as male and female parents, with two of the hereto)zygotes, plants 

4 aud 7. 

IV. DIscussmx, 

1. Re~ogaitio~L ?f S allele homozy.~otes 

The methods necessary to recognise S allele homozygotes in inbred families from 

parents heterozygous for alleles with any of the four dominance relationships shown 
in "l.'able 1 have been described in the previous part  of this paper, two sections being 

given to cases of type 1 ve!ationship, because progeny testing is necessary in such cases, 
and two sections to the type 4 relationship, because it may be advisable here also to raise 

progenies in order to obtain the compatible pollinations necessary to start the maalysis 
of a family. I t  can b:" seen that the methods used are successful. They are, however, 
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somewhat laborious, and it is therefore worth considering an alternative method for 
producing S allele homozygotes. This can be done by doubling the chromosome 

-number of haploids which can be obtained faMy easily in marrow-stem kale (Thompson, 

195(5 and unpublished). Further experinlems are, however, needed with the doubled 

haploids before one can judge the relative merits of the two methods .far obtaining S 

allele homozygotes. 

2. ,5'etf-compalibililr 

It  appears fi'om the results for family 3 of Thompson (1957)--see part I I I  section 2 

of this paper - -and  from the results for family 6, given in part IlTI section 1, that self- 

compatible plants are found in the selfed progeny of self-incompatible plants, and that 

the?; may be either homozygotes for an S allele low in the dominance series or homo- 

zygotes for a recessive allele which is not a member of the S allele system. These two 

types were also found by Bateman (1954) in Iberis amara. 

3. Pseudo-compatibility 

Pseudo-compatibility, i.e. the production of a relatively high set of seeds per fi'uit 
from either self- or cross- pollinations which at other times are incompatible, was fi-e- 

quent in some of the families investigated, see particularly the results from using plant 

4 of familx~ 6 as a ~kmale parent in 1956 as compared with 1957. 
This pseudo-compatibility is not just a feature of marrow-stem kale but is found in 

other varieties of Brasaica oleracea, in other species of Brassica and in other cruciferous 

genera. Thus pseudo-compatibility was found by Sampson (1957) in the variety 

"Calabrese Green Sprouting" broccoli of B. oleracea, and Bateman (1955, page 59) 

states that two forms of/~. campe.#ris and also the radish (Raphaaus saSvus) were unsui- 

table for critical work on incompatibility systems because of the large amount of pseudo" 

-compatibility which occurred. Stout (I922) reported that plants ofB. chinensis which 

were at first self-incompatible, became self-compatible during the middle part of the 
flowering season, but changed back to self-incompatibility at the end of the season. 

Further investigations on pseudo-compatibility are needed, and in any such investi- 

gations it would be advisable to use cuttings so that results can be obtained fiom 

re.ore than one plant of each genotype investigated. 

4.. Female sterilil~, 

Female sterility of two different types was found in families 7 and 9. In family 7 

tile sterility is not noticed if green fruits with immatm'e seeds are examined--it thus has 

no effect on the counts of seeds per fruit used in deciding whether crosses are compatible 

o1" incompatible. In mature fruits, however, a high percentage of shrivelled seeds is 

lbund. The sterility is probably due to a recessive gene, or genes, in the same linkage 

group as the S alleles. In family 9, on the other hand, there is no apparent linkage oi c 

the factor or l~actors producing thmale sterility wi~h the S alleles, and the sterility is due 

to ovule abortion at a very much earlier stage than O c c u r s  i l l  family 7 so that the steri, 

lity does interfere with the col!nts of seeds per fi'uit at the green fi'uit stage, 
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r .  SUMNIARY 

l. ).'V[ethods for recognising S allele homozygotes in inbred families fi'om parents 
h eterozygous for alleles which may have four possihle dominance relations are discussed. 

2. Examples are given of the recognition in inbred families of  homozygotes  for two 
S alleles present in the parents when one allele i~ dominant  in both pollen and style, 

when one allele is dominant  in the polten only, when one allele is dominant  in the style 

only, and finally when both alleles are active in both pollen and style. 

3. Self-compatible plants in the inbred offspring of  self-incompatible plants may  be 

either homozygous for a self-lhrtility allele in the S series or for a recessive allele indepen- 

dent  of the S allele series. Female sterility may  also be due to genes linked with the S 
alleles or independent  of  them. 

4. Pseudo-compatibili ty occurred in many t~milies, but it was possi.ble to ignore it 

in the analysis of the pallination results for the recognition of S allele homozygotes.  
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