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SELF-INCOMPATIBILITY IN MARROW-STEM KALE,
BRASSICA OLERACEA VAR. ACEPHALA

II. METHODS FOR THE RECOGNITION IN INBRED LINES OTF
PLANTS HOMOZYGOUS FOR S ALLELES

By K. F. THOMPSON and H. W. HOWARD
{Piant Bresding Institute, Trumpington, Cambridge)

(Received 24 April 1958)

1. INTRODUGTION

It has been shown by Thompson (1957) that self-incompatibility in marrow-stem kale,
Brassica oleracea var. acephale, is determined by a multiple series of S alleles 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 mass:selection
methods used in breeding the crop were replaced by a method involving the use of

inbred lines to produce double-cross seed.

1. METHODS

1. Possible parental types

As is summarised in Table 1, there are four possible types of parent plants which are
heterozygous for S alleles. In the fusst type allele @ is dominant to allele & in both
pollen and style; in the second type @ is dominant to b in the pollen but both alleles
are active in the style; in the third type both « and & are active in the pollen but a is
dominant to & in the style; and finally in the fourth typé both alleles are active in both
pollen and style. The possibility ol a being dominant 1o 4 in the pollen but of & being
dominant to a in the style {or the reciprocal possibility} is not considered because
plants pessessing two such alleles would be self-compatible and not self-incompatible.

2. Recognising S allele homozygotes by the use of the parent plant

It is casy with marrow-stem kale to maintain by vegetative propagation (stem
cuttings) any selected parent from which an inbred family has heen nbtained by bud
pollination. Heuce one method of searching for S allele homozygotes would be to
pollinate eleven members of the inbred family by their parent and also to pollinate
the parent with Lhe eleven inbred plants (cleven plants are used because this is the
number needed at a probability level of P=0-95 for there to be present at least one
plant of each homozygote). Any plants giving compatible pollinations with the parent
(i.c. the heterozygote a b of Table 1) would be homozygotes for an S allele which was
recessive in either pollen or style or hoth (see Table 1}. No c_f)mpaliblc po]]inations
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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 recogni-
tion of S allele homozygotes, the use of the parent plant is no good for such families.
Tt is therefore suggested that it is better ta use one inbred plant as a female ‘tester’
plant 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 will be no worse than if the
parent plant (itsell a heterozygote) had heen 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 sell-
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 he avail-
able before the test pollinations for determining incompa:tibility groups have to be

made.

3. Suggested method for recognising S allele homozygolss

The first part of the suggested method for recognising S allele homozygotes 1s to
use one plant of the inbred family as a female parent and another plant as a male
parent in pollinations with eleven plants (see previous section). Unless the parent
plant 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 may be possible to differentiate three groups for types 2,
3 and 4 of Tahle 1}. 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,
be taken in using this assumption).

The 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 pellinations.
Since it is known that the parent 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 twe alleles in the parent.

The third part of the suggested method consists of using the plant, or group of plants,
now known to be homozygotes for onc allcle, to find the homozygotes for the other
aflele.  This will not be necessary if the parent is of type 4 {see Table 1) since the only
compatible pollinations are between homozygotes; and it will not be possible, except
by progeny testing, il the parent is of type 1 hecause the heterozygates and the homozy-
gotes for the dominant allele behave similarly (see Table 1).

If no compatible pollinations are obtained from the first part of the suggested method,
further polilinations can he tried or an alternative method wused. This alternative
method, which would take another year, involves crossing the parent with an § alleie
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homozygote known to be Jow in the doninance series. This would give plants with
only onc of the dominant alleles of the original parent, and these plants could be used
to find plants of the inbred family which are homozygous for the other allele.

The experimental work on the recognition in inbred faniilies ol 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

(o use the pavent plant.

4, Experimenial methods

The inbred families were all grown from sced obtained by bud-pollinating the
parent plants. As in Thompson (1957) all pollinations were made in the glasshouse.
Plants werc tested for heing self-compatible or self-incompatible by pollinating about
ten flowers of one inflorescence at the open-flower stage. Female fertility was checked
from pollinations by an unrelated plant, not by bhud-pollination as in Thompson (1957).
Ten flowers on one inflorescence were used also in the pollinations to determine the
cross-compalibility of two plants. The compatibility of crosses is expressed in the tables
as the average number of seeds per fruit, the number of seeds being usually determined

by examinmg green, immature fruits.

ITY. Resurts

Yo Family 6 (one allele dominant to the other in both pollen and sivie)

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 1956 and 1957. Twelve
of the sixteen plants were crossed as female parents in 1957 by 31/35 which was known
to be compatible with B 33. With the exception of plant 8 all these pollinations gave
a high set of seeds per fruit. Plant 8 also gave a low set of seeds per fruit when pollinated
by plaut 7 in 1957, although it gave a high set in 1936. All plants of this family there-
fore have a high female 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. If these three plants really are self-compatible,
then it would appear that their self-compatibility is due to them being homozygous for
a recessive gene which Is indepéndent of the S5 alleles.

In the search for S allele homozygotes filteen plants of the family were all crossed onto
two plants, 13 and 4, in 1956 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) heing cross-compatible. Plant
7 as male parent also distinguishes the same two groups. Using plaat 4 as a female
parent in 1956, however, did not show any such division of the family, but a repeat of
the 1956 pollinations in 1957 showed that plant 4 and plant 13 behaved similarly as
female parents. The difference between the 1956 and 1937 results from using plant
4 as a female parent is probably to be explained by the fact that the 1956 pollinations
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Table 2. () [ml/malmm with pment (B 33) 33 Selfed—1956, 1-3; 1957 ; 7-6 seeds{frut

‘ f\v. no. su‘ds/lrmt flom pollmmons [

|

| .

{ l[ 1 LSBinl:fl_(-:'_ | BSSastemale
‘ Group | Plant No. ’ _1?:»0 B 1957 19Jb“»7‘ 1957 }
‘ ; 1 . 00 0-0 — '
| A ’ 3 ‘ 74 — 00 02

| ‘ 8 { 0-e — — —
| } I { - 56 — +9

! { 7 ’ —_ —_ 279 .

! B | 14 o267 240 - . PRSI
, .| 15 [ 5.4 — 01 } .

f‘ ‘| 6 ‘, — 29-0 . — " 247

: ? | 6 | 260 — e —

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

The results in Table 2a suggest very swrongly that the three plants of group B ave
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 in both pollen and style).

Family 3 of Thompson {1957) was obtained from selfing plant 31. There were
a few self-compatible plants, and intra-family pollinations of the self-incompatible plants
were all incompatible. A family from plant 31 crossed with another selection, known
to be heterozygous for S alleles, contained four incompatibility groups. Thus plant
31 was not an S allele homozygote, and it is prebable, though not proved, that the inac-
tive S zllele in plant 31 is a self-fertilitv allele, low in the dominance series. The recog-
nition of homozygotes 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
families where one allele Is dominant to the other in hoth pollen and style (i.e. tvpe
1 of Table 1).

The method for recognising the homozygotes is to cross eight plants of those known
to be either homozygous ov heterozygous for the dominant allele with a plant homo-
zygous for the reccssiv? {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 parent of this
cross 15 a homozygote for the dominant allele (see Table 3. Alternatively the five
plants [rom each cross can be pollinated with the original parent. If 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 plants homozygous for an S allele which is dominant
in bath pollen and siyle.

(a) Itis required to recognise 4a plants in a mixture of da and a{b) produced
on selfing an d{b) parent (é=dominant, active allele and {b)=recessive, inactive
allele in the ab heterozygote).

{b) Normal method.

{1) Cross with bb
ad » bb_sall (Z(Z):)
a(by xbb—1 da(b) : 1 bb
(ii) @(b) and bb seedlings [rom above crosses can be recognised from pollinations
with either @(4) or bb.
(¢} Modified method used for family 3 of this paper.
(1) CGross with .
aa ¥ ce—»all a{c)
a(b) Xeeen 1 dlcy 1 ¢
(i1) d(c) and b¢ seedlings from above crosses can be recognised from pollinations
with either a(b) or cc.

For the recognition of plants homozygous for the dominant S allele of family 3 it was
not possible to use the recessive S allele homozygotes of this family hecause such plants
are probably scil-compatible. In their place there was used plant 300/14 (or in one
case 300/12), an S allele homozygote from family 2 of Thompson (1957). Il was known
that the allele in plant 300/14 was recessive to the dominant S allele in plant 31, but also
active in the presence of the inactive § allele of plant 31 (Table 3). The crosses were
made using plant 300/14 as female parent and the Tamily 3 seedlings as males. Because
300/14 is non-hairy and because plant 31 is homozygous for a dominant gene which
gives hairiness of the margin of seedling true leaves (Thompson, 1956), it was possible
to check that the progenies did not inciude any accidental sells.

The results of pollinations of the seedlings in the progenies from the cross of 300/14
by family 3 plants arc given in Table 4. Nearly all seedlings were highly sell-incom-
patible, aud nearly all showed a high female fertility when pollinated by the unrelated
inbred 252/15. The pellinations by plant 31 and by plant 300/14 nearly all gave
results which allowed a classification ol the seedlings into the two expected incompa-
tibility groups to be made. It was also found, as was expected, that seedlings incom-
patible with plant 31 were compatible with plant 300/14, and that seedlings compatible
with plant 31 were incompatible with plant 300/14.
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It was clear from the first results that only one inbred, plant 31/35, might be homo
zygous lor the dominant S allele. That plant 31/35 is such a homozygote was showr
by further tests on an extra four seedlings from the cross 300/14 x 31/35. The proba
bility that 31/35 is not a homozygote but a heterozygote for the S alleles is less thar
0-002.

3. Fanaly 7 (one allele dominant In the pollen, bul both alleles aclive i the sivie).

The results for family 7 from Plant A 168 selfed by bud-pollination are given in Tabls
5. All seedlings gave a high set of seeds per fruit when crossed with the unrelatec
plant A 162/2.  Ohe seedling, plant 2, appears 1o be at least partially self-compatible.

Table 4. Further tnvestigations of family 3 plants to find dominani S allele homozygotes.

, ' Average number of seeds/fruit sct by secedling '

| ¢ Type of
i

i

Corons Scedling Self, vpen i in crosses with plants ;(fr:d!i[r;g
oSy = . . . . e e e m— e — - =a{c}
1 Noo L owes | 3i=a(h) | 300/14=cc ! P=hi
S e -— - i : i —
!
300/14 31/27 , 1 93 ‘ 49 27l 56 [ P
. 9 2. : 28-7 : . 3 :
O =
3 0-0 940 i 05 152 , H
4 - 56 | 121 142 -
4 - 241 251 160 ;P
‘ 5 o w 181 ¢ 177 42 P
|
300/14 > 31/28 / i ! 64 272 | 239 108 P
P2 26 273 10 159 H
3 ! 29 299 - 281 10-2 P
' ¥ | 33 24-0 j 0-1 95 H
L5 37 970 1 252 | 73 P
| H
300714 ¢ 51/30 ‘ 1 | 20 183 i 06" ' 65 Py
i It 41 24-8 gg ; 2;-2 ‘ j
2 23 : . 2- -
I T - B O ¢ {f
i 4 — 241 : 219 02 P
} 5 i 65 CU H
300/14% 3132 |1 Y ate L — 1 252 L s
’ 2 i 106 236 | 256 ! 65 I
3 : 00 - 256 ! S 86 H
L4 | - Loooge 281 | 27 P
’ 5 I _ i 98.7 ' 1-1 : 18- H
: |
300/14 % 31/33 1 i 23 s 72 ’ 12:0 | H
2 | - Y V 31-6 ‘ 79 P
IR T
L5 P72 184 | 30:0 l 75 P
300714 % 31735 i ' 04 325 | +9 ’ 24-6 H
2 o1 | 275 ! 18 | 238 H
I T B T SN B -
5 | T l 14 . 142 H
: : 17 | 280 L 03 219 H
‘ 19 } 258 | 10 } 20-1 H
Lo ‘ 33 | 312 | 12 1 205 H
] 10 ‘ 31 1 256 | 05 | 195 i3
) .
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Table 4. (Continued)

l Average number of seeds/fruit set by sccdlmg ‘

I
\ e e e e Type'of
Cross i Sccdling i Self, open 1 in crosses with plants ‘ Hscedhr)]g
l No. Aowers | 252/15 f B=dth)  300/l4=ce . P
300/14>31/%6 |1 S - T 05 r
i 2 - 242 07 107 H
! 3 i - 252 \ 3-1 167 ' H
| 1 - 16-4 148 06 \ P
| 5 01 21-7 ' 296 00 ] P
300143137 | i [ 2-5 250 : 1-8 204 . H
L 13 230 | 07 19-8 \ H
3 - 2772 i 285 24 P
| 4 | 31 18-8 ‘ 136 2.2 ] P
l 5 \ - 280 28-9 5.7 P
300/14 < 31/38 1 \ 0-2 20-3 } 185 02 \ P
i 2 ‘ 17 267 i 329 18 ‘ P
I 3 0-8 237 ( — ! 441 > p
, 1 3-3 261 22:3 06 f P
| s \ 24 224 } 250 - | P
300142 31/30 | 1 I oo 10-3 - 58 ‘ Vo
; 1 | — ] 26-8 348 80 \ ]
2 . 3-4 31-3 —~ 256 H
; 3 \ 0.5 258 | 51 162 ‘ H
4 07 297 - . 933 I
TR TS ! 20 272 on
H I
1 cheatﬂ po“inalionsA 2 Additional plants pollinated laler.

3 Type of seedling—H=d(c), i.c. compatible with 300/14 (cc), but incompatible with plant 31 {d b)—
scc Table 3c.

Table 5. Family 7 from plant A16§ selfed.

} il Average number of seeds/fruit from pollinations
Plant; Al62/2 | - T T T T o
Group ! Nigﬂ as mz/tlc Selfs [ Plant 2 Plant 8 as [emale l Plant 20 l Piant 20
| | i asmale ! ; | as female | as male
S ;_*‘,19.55_#]# U N N A I
6 \ 00 ' — | 11 | — 29 ' 00 | 348 1 244
LT ) 334 | 2 L5l 1 138 21— ‘ 334 28-6
¢ ojoo | o221l - |07 1= - 337 | 246
Vi 210 | - . - ]9 | 20-8
1 19 \ 281 . — I 2:3 [ — — { 0-3 ‘ 270 30-G
‘ R T R B ¥ ~ 29 |13 306 ‘ 60
3, 303 | 36 . 71 l 20-1 30 - \ 3-8 | 47
‘ 4 24-2 ‘ - O 42 | 1] l 34-2 49
D | 5 345 | Is | 58 | 235 22 1 07 | 36 | 81
} 8 ' 337 [ 12 | 40 i 134 B B T
[ 39-4 . oo |70 2l 12 ’ 08 \ 325 140
‘ S A ' - o7 L — 802 | 140
18 \ 30:0 1 - ‘ a3 | - - 18| 32:3 3.7
E | 20 | 216 | -~ [ 0-8 ' - -~ | 2 ‘ — ) —
, | 2 N T |- [ 13-4 l - | - | -
| [ o ! |

“*Pollination rqvcat(_(l—l 2 sccda/fxunt
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The first pollinations made in the search for S allele homozyeotes were with plant
2 as male pavent in 1956, The five pollinations all appear to be partially compatible
and are of no use for the analysis of the family. The second set of pollinations made
in 1956 were with plant 8 as (emale parent. The nine pollinations other than that by
plant 2 all appeared to be incompatible. Turther pollinations with plant 8 as female
parent were made in 1957 and all these were also incompatible. Since a total of thir-
teen plants gave incompatible pollinations with plant 8 as female parent, and since
such a number of plants would be expected to include at least one plant homozygous
for cach 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 1).

A series of pollinations using ancther seedling, plant 20, as female parent were also
made in 1957, It 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 20 is homozygous for an allele which is recessive in the pollen, i.e. we are dealing
with a case of type 2 allele relationship of Table 1. '

Recognition of the homozygotes for the other alleie is now casy because only they will
give compatible pollinations when plant 20 is used as a male parent {see Table I).
Of the thirteen inbreds tested, five appear to be homozygous [or the S allele which is
dominant in the pollen. These are the group C of Table 5, group D heing the hetero-
zygotes.

It was not possible to check the above analysis by pollinations with the pacent, A
168, as this was dead. The segregation, found in the family, of 5 homozygous for
one allele : 8 heterozygotes : 1 homozygous for the other allele with one possible
self-compatible plant is a fair it to a 1: 2 : 1 ratio.

Family 7 15 also of interest as showing a possible 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; plant 11, one of the S allele heterozygotes,
formed about 30 per cent of shrivelled seed when selfed by bud pollination; and plant
6, one of the dominanfhomozygotcs, gave only 4 per cent of shrivelled seed when bud

pollinated.

4. Family 8 (both alleles active in the pollen, but one allele dominant in the style).

All fourteen plants of family 8 from plant B 96 selfed by DLud-pollination gave a
good 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 5 allele homozygotes was begun by crossing thirteen plants onto plant
6 as female parent, and by using plant 14 as male parent in crosses with the other thiv-
teen inbreds. As is shown in Table 6, plant 6 was compatible as female parent with
four inbreds, hut no compatible pollinations were {ound when plant 14 was uged as male
parent, although there was a rather high set with plant 4. The results for plant 14
suggest that this plant is a heterozygote and that the two alleles have independent
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activities in the pollen (see Table 1). 1II this Is so, plant 6 may be either of the two $
allele homozygotes or the heterozygole, and the four inbreds giving compatible polli-
nations with plant 6 must be homozygotes for either the dominant or the recessive
allele (sec Table 1).

Test pollinations of two of the four inbreds {plants 10 and 12, see Table 6b), which
gave compatible pollinations with plant 6, with the parent show clearly that they are
homozygotes for the allcle which is recessive in the style because it is only such homo-
zygotes which give compatible pollinations with the heterozygote (see Tahle 1, type 3
parent). Test pollinations of one of the ten inbreds which did not give compatible
pollinations with plant 6 (sec Tabie 6 B, plant 16) and of plant 6 itself with the parent
confirms that these two plants are either heterozygotes or homozygotes for the domi-
nant allele.

Having recognised homozygotes for the allele which is independent in the pollen
and recessive in the style, it is now easy to search for the homO/vgotcs for the othe:
allele.  Plants homozygous for this allele, which is active in both pollen and style, will

Table 6. Family 8 from plant BIG ,re{fed (a) Intra- famz{y po(lzzzazmns

,‘ Avcrag(. number of secds/ﬁuxl

. ' ‘ 7
Group ! Flants 200710 ! | Plant6 | Plant 14| as femalc parents
: as male Selts + as female as male |7 7T o
: ! 5 10 17 13
Fooo4 98-8 04 1 06 166 | 244 - - =
, | ! |
3 | 287 07 | 02 os | 2s - -
6 295 ’ 0-2 - 1-4 ‘ - 0-1 - -
7 293 1 102 . 1l 12-7 - — 19 -
.9 277 06 | 07 ‘ P I - -2
Gl 262 o0 1 01 | o6 ! — — 21 1 =
14 32-7 05 14 - ‘ 75 - — ; -
P15 241 02 . 02 34 93 — - =
16 238 ' oz L2 01 Z _ — 07
Y 215 00 - 12 ‘ 29 1 - - - 2.9
r ' . | i |
5 300 . 4, 299 75— - - -
H 0 1 258 l o1 319 23 1 — - - -
L 274 01 350 14— - - i -
D13 208 |00 827 ‘ 40T~ - b = —
; ! . z ; e

e - —

& Pa[lz'na('ious with parent. (B J6) B 96 .Sclfgflag 1 scf(ls/fzuz/

Av cch sr’cds/fl uit

Group ’ No.

I |

} Plant | pog B9
as male as female |

.’ G I 6 { 44 58 l,

| IR | — 3-8 I

: H J 10 | 16 32-9 !

’ J 12 l 2.5 32-8 |
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give compatible pollinations when used as male parents in pollinations with the homo-
zygotes for 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
zive compatible pollinations with plant 6. A single pollination, plant 5 x plant 4, was
found to be compatible. This means that plant 4 s homozygous for the allele which
s 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 vet heen

made.

5. Fanuly 9 (both alleles active in both pollen and style).

The pollination results for family 9 from plant B 120 selfed by bud-pollination are
given in Table 7. The results are complicated by the fact that several of the inbreds
show a high degree of female sterility, sce especially the results for pollinations by the
unrelated plant 31/35.  All the plants with high seed sets by 31/33 are, however, highly
self-incompatible.

The search for S allele homozygotes was commenced by using plant 8 as female
parent and plant 19 as male parent in pollinations with the fifteen other inbreds.  Plant
I9 gave no compatible pollinations and is therefore probably heterozvgous for 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
vellow 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 10 and 17 and with all the plants (including plant 19) of group
K of Table 7. There were, however, colour changes with the four plants of group L.
Since similar stigmatic surface colour 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 § allele homozygotes ; although, when figures for seeds
per fruit were ohtained later. there were no indications of any compatible pollinations
hecause of the high female sterility of plant 8. It is also interesting to note that Bateman
(1954) ohserved a ffushing of the stigmatic surface colour in fheris amara after compatible
but not after incompatible pollinations.

The 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 {our to have chosen as it was found later to have a certain
degree of female sterility. Tts use did, however, enable three plants homozygous for
the other ailele to be vecognised {i.e. group J of Table 7).

The final pollinations were made using plants 17, 14 and 1§ as female parents. They
were chosen for their high sced fertility (see pollinations by 31/35) and represent one S
allele homozfgo!.c (group J), the heterozygote (group K) and the other S allelc homo-
zygote (group L) respectively. The results for these pollinations show conclusively
that the two alleles in this family have independent activities in both pollen and style

(i.e. a type 4 relationship of Table 1).



K. ¥. Tuomeson anp H. W. Howarp 337

Table 7. Family 9 from plant B120 selfed.
Intn famll) polhnatlom

| Average number of seeds/fruit

as lemale parcnts

{
| Pl ! 8135 | gun | Plant 19 |
Group| NO ' as male ’ S8 s male | , S Tea—
! E | Plant 8 Plant 9 iplamuﬂllamm Plant 187
| U b (VR R [ —— —_—
e e R N P ——
I S R O ¥ S _— E 09 | 193
jolo o5 100 {00 e5 | 109 | 23 07 | -
| 17 L e ‘ 3G 03 | 90 I - E ~ 204
Ll D00 00 05 os | - | o1 | o6
3 4-5 00 I 03 1-4 05 - 0 = | 0-3
| & 88 | 00 ‘ 00 17 10 - -3
polo1ed 07 06 .18 05 #7 | 00 |07
K | 12 ¢ 123 0 00 | 08 | 06 0-0 I T
30 720 01 . 05 09 0-9 4 o2 | 17
14 | 229 |t I 02 |07 1-0 34 | - ‘ 0-2
15 29 00 | 06 08 07 ¢ - ¢ 00 01
191 21 | 03 .- | o8 21 [° 36 { L
t
2 } 199 1 00 | 02 } 28 | - ~ i 00 | -
L9l 87 L o022 16+ - 190 ‘ 01 |
16 02 o0 | 00 ! 14x - - — -
[t l 43 | 03 | 16 e - 173 | 0 | ~
‘
! \ | l | s J I

* These pollinations showed darkening of the stigma.
+ These hgures are based on averages of seed set from 5 to 7 Howers instead of 1Q.

Table 8. Family 10 from plant 4162 selfed.
Ixma family po]lmauom and with plam 300/10.

‘1 i - Average numbcr of SCCdS/ﬁUll- from
Group | Prif.f C1 S | 73135 | Plamtd | Plani7 | 300710 \—’171;}7“\_;1—;{\ 5
\I v i as male | as female asmale | asmalc | as fcnmlc [.?i“]tfi‘nfl[(,
l[ 1 ; 03 250 ' 01 02 | 69 - E 00
} 5 o 23 00 0F 1T | - | oo
Lo ; 0-1 83 | - 00 o | - -
M 5 | 00 54 : L0000 0l 0-3 0-2
|7 { 02 260 | 00 - 50 ~ —
‘ B | 0-0 4-5 0-0 0-0 2-0 ; — 02
: 13| 00 173 02 6 |87 | o~ 1 00
Loy } — 255 o0 00 | 200 — —
N : 5 } 0-0 2.6 00 . 00 | ser N T
; oo 00 | 9% - 00 { 139 - o2
l i5 } 22 ! 2801 0-0 00 ‘ 243 06 0-0

* Repealed—18+4 at same time as pollinations macde on plant 5 as female.
t ¥rom ounly 4 fowers.  Only 25 per cent good seed, remainder shrivelled. »
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6. Lamily 10 (both alleles active in both pollen and style).

In family 9, the parent of which has two alleles with independent activities in both
pollen and style, it was fortunate [or the recognition of $ allele homozygotes that one of
the two plants chosen for the first set of pollinations was an S allele homozygote itsell.
Family 10, which will now be considered, can he used to illustrate a possible procedure
when neither of the two plants chosen for the first set of pollinations is a homozygote
(see also penultimate paragraph of part TI section 3).

The results for family 10 from plant A 162 selfed by bud-pollination are given in
Table 8. All plants are sell-incompatible and all but three gave a high set of seeds per
{ruit wheun pollinated by the unrelated plant 31/35. In the search for S allele
horozygotes plant 4 was used as (emale parent and plant 7 as male parent in pollinations
with the other inbreds. No compatible poliinations were found. This suggested that
the two alleles in the parent were both active in both pollen and style, plants 4 and 7
both probably heing heterazygotes.

Fortunately a pollination had been made in the previous year between plant 4 of
family 10 as female and plant 300/10 (see family 2 of Thompson, 1957) 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 300/1G was one of the alleles present in family 10, and that 300/10 could be used
as a parent to recognise homozygotes for the other allele in this family. In other cases
it would, of course, be necessary to produce plants of similar allele relationship type to
plant 300/10 from crosses with a homozygote for an S allele low in the dominance
series.  Using 300/10 as 2 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 fermale parents was not, however, successful, and it would appear that
all the plants i in group M of Table § 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 be 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 hoth as male and female parents with two of the hctewzy«rotes plants
4 and 7.

V. Discussion

1. Recognition of S allele homozygotes

The methods necessary to recognise S aliele homozygotes in inbred families from
parents heterozygous for alleles with any of the four dominance relationships shown
in Table 1 have been described in the previous part of this paper, two sections helng
given to cases of type ] rclationship, 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
progenics in order to obtain the compatible pollinations necessary to start the analysis
of a family. It can be 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 fairly easily in marrow-stem kale (Th01111)s6n,
1956 and unpublished). Further experiments are, however, needed with the doubled
haploids belore one can judge the relative merits of the two methods for obtaining 8§
allele homozygotes.

2. Self-compatibility

It appears from the resuits for family 3 of Thompson (1957)—see part I section 2
of this paper—and [rom the results for family 6, given in part Il section 1, that self-
compatible plants are found in the selfed progeny of sel{-incompatible plants, and that
they 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 lberis amara.

3. Pseudo-compatibility

Pseudo-compatibility, i.e. the production of a relatively high set of seeds per {ruit
from either self- or cross- pollinations which at other times are incompatible, was fre-
quent in some of the families investigated, see particularly the results from using plant
4 of family 6 as a female 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 Brassica oleracea, in other species of Brassica and in other cruciferous
genera. Thus pseudo-compatibility was found by Sampson (1957) in the varety
“Calabrese Green Sprouting’ broccoli of B. oleracea, and Bateman (1955, page 39)
states that two forms of B, campestris and also the radish {Raphanus satizus) were unsui-
table for critical work on incompatihility systems because of the large amount of pseudo-
-compatibility which occurred. Stout (1922) reported that plants of B. chinensis which
were at first sel-incompatible, became self-compatible during the middle part of the
flowering season, but changed back to sell-incompatibility at the end of the season.
Furiher investigations on pseudo-compatibility are needed. and in any such investi-
gations 1t would be advisable 0 use cuttings so that results can be obtained from
more than one plant of each genotype investigated.

4. Female stertlity

Female sterility of two different types was found in families 7 and 9. In family 7
the sterility is not noticed if green fruits with immature seeds are examined—it thus has
no effect on the counts of seeds per fivit used in deciding whether crosses are compatible
or incompatible. In mature [ruits, however, a high percentage of shrivelled seeds 1s
found. 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 of
the factor or factors producing female sterility with the S allcles, and the sterility is duc
1o ovule abortion at a very much earlicr stage than occurs in family 7 so that the steri-
lity does interfere with the counts of seeds per fruit at the green fruit stage,
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1. Methods for recognising S allele homozygotes in inbred families from parents
heterozygous for alleles which may have four possible 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 is dorminant in both pollen and style,
when one allele is dominant in the pollcn 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 he
either homozygous [or a self-fevtility allele in the S series or for a recessive allele indepen-
dent of the S allele series. Female sterility may also he due to genes linked with the S
alleles or independent of them.

4. Pseudo-compatibility occurred in many families, but it was possible to ignore it
in the analysis of the pollination results [or the recognition of S allele homozygotes.
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