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CHAPTER I 

INTRODUCTION 

Self incompatibility is the inability of a flowering 

plant to produce seed by sexual methods when its own pol

len is used as the source of male gametes. Self incompati

bility has been found in over 3000 angiosperm species en

compassing 2 50 genera and 70 families (Henny and Ascher, 

1975), also in algae (Starr, 1954), fungi (Whitehouse, 

1949), pteridophytes (Wilkie, 1956), and gymnosperms (Pi-

atnitsky, 1934, cited in Crowe, 1965). Since self incom

patibility is so widespread, it is believed to be a highly 

effective outbreeding mechanism. Whitehouse (1950) pro

posed that self incompatibility forces interbreeding be

tween different genetic pools, resulting in a much higher 

degree of genetic diversity, and that one of the reasons 

for the success of the angiosperms is the presence of a 

self incompatibility system. However, since self incompat

ibility is found in all plant groups, it is unlikely that 

it gave angiosperms the initial selective advantage over 

the more primitive plants. Crowe (196 4) proposed that the 

self incompatibility systems found in lower plants gave 

rise to that found in more highly evolved groups . 

Self incompatibility was first described by Kolreuter 

(1764, cited in Darwin, 1876). Kolreuter noted that Ver-



bascum phoeniceum did not set seed when self pollinated 

but did set seed when cross pollinated. Numerous descrip

tive reports followed which documented self incompatibil

ity in plants. Scott (1865, cited in Arasu, 1967) observ

ed self incompatibility in Oncidium and also noted that 

following incompatibile pollinations, the pollen grains 

germinated and the pollen tubes penetrated the style, al

though fertilization did not occur. Munro (1868) examined 

Passiflora alata and found these normally self incompat

ible plants to be cross compatible with members of their 

own progeny and that crosses between Passiflora alata 

plants resulted in seed set in some outcrosses and no seed 

set in others. Scott and Munro also discovered differences 

in cross-compatibility in reciprocal crosses of self in

compatible plants. Mueller (1873, cited in Darwin, 1876), 

working with Abutilon, stated that self incompatibility was 

more common in crosses between closely related plants than 

crosses between unrelated plants. Darwin (1876) examined 

self incompatibility in five species, Eschscholzia cali-

fornica, Abutilon darwinii, Senecio cruetus, Reseda odor-

ata and Reseda lutea. Despite the fact that East (1929) 

believed that Darwin's conclusions went much further than 

his data warranted, Darwin did suggest two important 

points: (1) that incompatibility is an outbreeding mechan

ism; (2) that fertilization is prevented when some factor 



in both plants is identical. 

Although Darwin tried to explain his findings, the 

genetics of self incompatibility was not closely examined 

until Mendel's paper was rediscovered. Attempts were then 

made to provide a genetic explanation for self incompati

bility, but until 1921, there was no explanation that 

would fit all the data. Prell (1921, cited in Arasu, 1967) 

proposed that oppositional factors controlled self incom

patibility. However, his paper was overlooked, and East 

and Mangelsdorf (1926) presented a similar interpretation 

using Nicotiana alata. Since Prell's work was unknown at 

the time. East's and Mengelsdorf' s nomenclature of S-̂ , 82, 

S3 ... for sterility factors, has become more widely used 

instead of Prell's 0^, O2, O3 .... 

East and Mangelsdorf examined the mode of inheritance 

in Nicotiana by making crosses between N. alata and N. for-

getiana. If self incompatibility follows Mendelian laws, 

then successive selfings would result in the elimination 

of heterozygotes. At the end of these self crosses. East 

and Mangelsdorf had three homozygous classes A, B, and C. 

They then did various crosses between these three classes, 

A X B, B X C, and A x C. The results of each cross were 

the recovery of two classes and the absence of the class 

to which the female parent belonged. In other words, a 

cross A ^ X C d* produced B and C individuals and no A in-



dividuals; a cross B ^ x C o^produced C and A progeny but 

no B progeny. These crosses are compatible, despite the 

fact that reciprocal crosses between classes produce only 

two classes and not the class of the female parent. How

ever, they found that crosses within a class were self 

sterile. 

East and Mangelsdorf proposed that although the re

sults of the crosses indicated that some new form of in

heritance was in effect, that in actuality, Mendelian in

heritance is in control. Two reasons led them to this con

clusion: (1) morphological characteristics of the three 

classes followed Mendelian laws; (2) ratios obtained from 

backcrossing the F, progeny to one of the parent classes 

are the same as those found when F^ monohybrids are back-

crossed to a pure recessive. 

East and Mangelsdorf's next step was to make several 

assumptions: (1) in the three populations three alleles 

were present {S^, 82, and 8^); (2) the three classes were 

arbitrarily assigned sterility factors Class A = 8-̂ 83, 

Class B = 8182r Class C = 82S3; (3) a plant will allow pol

len tube growth only when the pollen bears sterility fac

tors other than its own. For example. Class A plants will 

not allow pollen tube growth if the pollen contains 8-̂  or 

S-:* sterility factors; growth can only occur if the pollen 

has an 82 factor. 



They then applied these assumptions to a hypothetical 

cross. Class A female (8^83) is crossed with Class C male 

(S2S3). Since Class A is the female, it controls the in

compatibility reaction and will only stimulate the growth 

of 82 pollen grains. The results of this cross therefore 

will be 8^82 (Class B) and 82S3 (Class C). Since the fe

male plant of this cross inhibits both pollen with S;L o^ 

S3 alleles, no Class A (S1S3) progeny can be produced. 

These results are the same as those which the authors ob

tained from their actual crosses. East and Mangelsdorf 

then did further self crosses and crosses between classes 

and found that in all cases they could predict the results 

using their hypothesis of sterility factors controlled by 

Mendelian laws. 

In proposing their hypothesis. East and Mangelsdorf 

assumed that the self incompatibility of a plant was de

termined by the 8 allele found in the pollen (gametophyte). 

Nevertheless, it was not until recently that the actual 

mechanism of gametophytic self incompatibility was examined 

In determining this mechanism, the pollen grain it

self was investigated. Tsinger and Petrovskaya-Baranova 

(1961, cited in Heslop-Harrison, Heslop-Harrison, Knox and 

Hewlett, 1973) found that the pollen grain wall contains 

proteins. Subsequent research by Knox and Heslop-Harrison 

(1969, 1970, 1971), Knox (1971) and Knox, Heslop-Harrison 



and Reed (1970) have shown that the pollen grain wall of 

most flowering plants contain proteins. These proteins 

are believed to be involved in the incompatibility reac

tion. Support of this theory was given by Knox, Willing 

and Ashford (1972) when they produced hybrids between in

compatible plants with the wall proteins of compatible 

pollen. 

The incompatibility reaction has been found to occur 

in the style. Heslop-Harrison et al. (1973) found that 

pollen wall proteins of gametophytic self incompatible 

plants are released 4-5 minutes after pollination. These 

proteins do not interact with the stigma. The pollen tube 

can therefore grow through the stigma since the incompati

bility reaction occurs between the pollen tube and the 

style. 

Various models have been proposed to explain the in

compatibility reaction at the molecular level. Some sup

port has been presented for two models: (1) an antigen-

antibody model (Linskens, 1965, cited in de Nettancourt, 

1969); (2) an operator-regulator model (Ascher, 1966). 

Linskens (1965, cited in de Nettancourt, 1969) pro

posed that an antibody-synthesizing unit (ASU) exists in 

the style. He suggests that the 8 allele in the style 

codes, via the antibody-synthesizing unit, for a Y anti

body which can, when in excess, inhibit its own production 



(compatible reaction) or combine with an X protein in the 

pollen tube to form an inhibiting X-Y complex (incompat

ible reaction). 

The radiation experiments done by Linskens, Schauwen 

and Van Den Donk (1960, cited in de Nettancourt, 1969) 

support this model. The results of these experiments 

showed that an irradiation of the style prior to self pol

lination causes a compatible reaction in all crosses; self 

pollination occurring several hours before irradiation re

sulted in an incompatible reaction; and self pollination 

2 0 hours after irradiation revealed that almost all of the 

crosses were incompatible. Linskens explained these re

sults using his model as follows: (1) irradiation before 

self pollination inactivates the 8 allele so that no Y 

antibody is formed, an X-Y complex can no longer be formed 

and all crosses will be compatible; (2) if self pollination 

occurs several hours before irradiation, the X-Y complex 

has already formed before the S locus is inactivated, there

fore an incompatibility reaction can occur; (3) an incom

patibility reaction in the experiment in which self pol

lination occurs 20 hours after irradiation is the result 

of the temporary effect of irradiation; the 8 locus is no 

longer affected by the radiation and is actively producing 

the Y antibody again. 

The second model proposed by Ascher (1966) is based 
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on the operator-regulator model of Jacob and Monod. This 

model has three different sites of genetic activity in 

the pollen: (1) a low velocity operon which controls ger

mination and early pollen tube growth; (2) a high velocity 

operon which controls pollen growth through the style to 

the ovary and is switched on by the stylar metabolites; 

(3) a regulator which contains the necessary information 

for coding a specific monomer in the pollen tube. In the 

style there is one site of genetic activity, a regulator 

which codes for a specific monomer. When the monomer in 

the pollen is the same as the monomer in the style, a dimer 

repressor is formed which switches off the high velocity 

operon and an incompatible reaction results. 

The results of the radiation experiments of Linskens 

et al. (1960, cited in de Nettancourt, 1969) can be ex

plained also by Ascher's model. Irradiation of the style 

inactivates the regulator and no monomer can be formed. 

Since a dimer can no longer be formed, all crosses will be 

compatible. Irradiation several hours after pollination 

allows monomer formation by the style. A dimer can now 

be formed and all crosses will be incompatible. If the 

style is pollinated 20 hours after irradiation, the style 

regulator is temporarily inactivated. Eventually the reg

ulator is reactivated resulting in an incompatible reac

tion. 



Since the time that East and Mangelsdorf first pro

posed a mechanism for gametophytic self incompatibility, 

many studies have found that a gametophytic self incompat

ibility system applies to most plants. However, Correns 

(1912, cited in Gerstel, 1950) described a situation that 

did not conform to a gametophytic self incompatibility 

system. Studies by Kakizaki (1930) on Brassica oleracea, 

and Beatus (1934, cited in Arasu, 1967) on Cardamine prat-

ensis also found exceptions in a few families. 

Correns presented a genetic analysis of his crosses 

involving Cardamine pratensis. Crossing two C. pratensis 

plants (B and G), he found that the progeny of this cross 

could be grouped into four classes: (1) compatible with 

both B and G; (2) compatible with B, incompatible with G; 

(3) incompatible with B, compatible with G; (4) incompat

ible with both B and G. He assigned the genotypes BG, Bg, 

bG and bg to the four classes and proposed a hypothesis: 

(1) B, b, G, g are alleles; (2) B and G are active, b and 

g are inactive; (3) the pollen tube control is sporophytic. 

When Correns designated b and g as inactive instead of re

cessive, he changed a simple hypothesis for a sporophytic 

incompatibility system into one that was confusing to both 

the author and to many other scientists trying to explain 

a sporophytic system. The confusion arose when they tried 

to explain the "doubly inactive" genotype bg. 
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Therefore, it was not until Gerstel (1950) and Hughes 

and Babcock (1950) studied the system that the genetics of 

sporophytic incompatibility was worked out. These authors 

presented a theory similar to Correns', but a dominance 

effect in the pollen grain was included. 

Gerstel's analysis was on the composite Parthenium 

argentatum. His analysis began with a cross between two 

P. argentatum plants SP-8 ^ and SP-7 d*. The F-L hybrids 

produced by this cross were self incompatible. Gerstel 

then did reciprocal backcrosses between the F-|̂  hybrids and 

both parents. When tested for self incompatibility, the 

progeny of these backcrosses could be separated into four 

classes A, B, C, and D, the same four classes that Correns 

found. Gerstel also crossed SP-7 ^ and SP-8 cT to produce 

an F-, hybrid and then backcrossed these to the parents. 

The results of these crosses were the same as the results 

produced by the reciprocal cross. Gerstel also found that 

any cross within a class was self incompatible, while 

crosses between classes produced varying results. Examin

ing the data, Gerstel proposed the following hypothesis. 

Self incompatibility is controlled by a series of multiple 

alleles. Pairs of these alleles occur in the four classes 

and the two parents as follows: SP-7 = R]_R2 / SP-8 = R3R4 / 

A = R1R3, B = R^R , C = R2R3/ D = R2R4. Control of incom

patibility is sporophytic and the two alleles of the pollen 
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are the same for all pollen grains. The two alleles of 

the male parent determine the alleles of all pollen grains. 

R. is recessive to the other three alleles and R2 is domi

nant over the other three alleles. R^ and R3 are inter

mediate and do not show dominance over each other. There 

is no 8 allele dominance in the style. Gerstel then ap

plied this theory to his crosses. 

The existence of dominance in the pollen grain but 

not in the style was shown by several reciprocal crosses. 

R^R3^ X R^R2C? is compatible, but RiR2^ x RiR3d' is not. 

R3R4^ X R2R3<^ is compatible, while R2R3^ x R3R4<^ is not. 

In the two crosses in which an R2 allele is present in the 

male, the cross is compatible. In these two crosses the 

R2 allele is dominant over the other alleles and controls 

the incompatibility reaction. Since there is no R2 allele 

in the female, the cross is compatible. In one incompat

ible cross R2R34̂  x R3R4Ĉ , the pollen grain R3R4 controls 

the reaction and in this case R3 is dominant over R̂  and 

will determine whether the cross is compatible or not. 

Since the female contains the R3 allele, the cross is in

compatible. In the other incompatible cross R1R2* x RiR3d', 

the alleles R R^ control the reaction, and since neither 

R nor Ro shows dominance over each other, the presence of 
1 -̂  

either an R^ or R3 allele in the female would result in an 

incompatible cross. Because the female did contain an R^ 
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allele, the cross was incompatible. 

All crosses in which both parents had an R2 allele 

were incompatible (R]̂ R2 x R2R3f Ri^2 ^ ^2^4 •••^* ^2 """̂  

dominant over all other alleles and will always control 

the incompatibility reaction. 

All crosses which involve an R4 allele in both par

ents and the other two alleles are different are compat

ible in both directions (R3R4^ x RiR4cf, RiR4^ x R3R4cr . . . ) . 

The only time an R4 on both sides could be incompatible is 

in the case of the other two alleles being the same or if 

the plants were homozygous R4R4. R4 is not a self fertil

ity allele. If an R4R4 plant is selfed, the cross will be 

incompatible. 

R, and R3 were shown to be of equal dominance in sev

eral reciprocal crosses. The crosses Ri^^^ x RiR3cr and 

R3R4JJL X R-, R3d* were incompatible in both directions. In 

the first cross R1R4 x R1R3 with the male parent control

ling the reaction, if the R3 allele were dominant over R^, 

then the cross would have been self compatible. In the 

cross R3R4 X R3_R3 if R^ were dominant over R3, then the 

cross would have been compatible. 

Hughes and Babcock (1950) examined the genetics of 

another composite Crepis foetida. Their crosses and ex

planation for the results of the crosses were the same as 

Gerstel's. Their theory states: (1) four alleles control 
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the incompatibilities; (2) pollen behavior is sporophyti-

cally controlled and the parental genotype is impressed 

upon the cytoplasm of all the pollen grains from any one 

plant; (3) 83 and 84 are dominant over S-^ and 82/ but not 

dominant over each other. 82 is dominant over S-ĵ. 

As in gametophytic incompatibility systems, the spor

ophytic system is controlled by the pollen wall proteins. 

The reason that two systems—gametophytic and sporophytic 

have arisen is that the pollen wall proteins of these two 

systems are added by different tissues and are released at 

different times (Heslop-Harrison et al., 1973). The pro

teins of gametophytic plants are produced by the spore 

(haploid tissue) and inserted during spore growth into 

the intine, the inner wall of the pollen grain. The pro

teins of sporophytic plants are produced by the tapetum 

(diploid tissue), the nurse tissue of the anther, and in

serted during pollen grain maturation into the exine, the 

outer wall of the pollen grain. 

The incompatibility reaction of sporophytic systems 

occurs on the stigma. Heslop-Harrison et al. (1973) show

ed' that the pollen wall proteins of the exine are released 

30 seconds after moistening on the stigma surface. These 

proteins contain the incompatibility substance. 

The incompatibility reaction of sporophytic systems 

has been studied in detail. Mattson, Knox, Heslop-Harrison, 
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Heslop-Harrison (1973) examined the site of the incompati

bility reaction between the exine proteins and the stigma. 

Their first observation was the presence of an external 

protein coating on the stigma surface overlying the cuti

cle. This coating, referred to as the pellicle, is be

lieved to function in the capture and hydration of pollen 

and also is the site of the incompatibility reactions. 

The pellicle, first noted by Heslop-Harrison and Heslop-

Harrison (1970) , occurs in about 80 angiosperm families 

and has esterase activity. However, it does not contain 

any acid phosphatases which normally are found in the pro

tein fraction of the pollen intine. In order to determine 

the function of the pellicle, it was removed and tested 

with pronase and lipase to determine whether it was protein 

or lipid in composition. Lipase has no effect on the pel

licle; whereas, the pronase digested it,,thus showing it 

is protein. The pollen grain becomes hydrated immediately 

after attachment to the stigma. Mattson et al. (1973) 

proposed that it is the pellicle via osmotic forces that 

provides a link between the cuticle and the pollen grain, 

allowing water to flow into the pollen grain. Upon hydra

tion of the pollen grain, pollen wall proteins are released 

These proteins have two fractions. One is enzymatic and 

concerned with the germination and penetration of the 

stigma by the pollen tube. The second fraction is non-
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enzymatic and is concerned with the incompatibility reac

tions (Knox et al., 1972). These nonenzymatic proteins 

bind to the pellicle. At these binding sites the enzyma

tic fraction begins digestion of the cuticle in a compat

ible cross. 

Christ (1959, cited in Heslop-Harrison and Heslop-

Harrison, 1975) proposes two mechanisms as to how the 

pellicle prevents pollen tube growth in incompatible re

actions: (1) active cutinase carried by the pollen is in

hibited on the stigma so that the cuticle of the stigma is 

not digested; (2) an inactive precursor carried by the 

pollen is activated by a factor from the stigma to produce 

an enzyme which will digest the cuticle and allow pollen 

tube growth. Heslop-Harrison et al. (1975) removed the 

pellicle of Agrostemma githago in order to determine which 

of these models was valid. They found that substances 

from both the pollen grain and the pellicle are necessary 

for the incompatibility reaction. Also in support of the 

second model was the electron microscopic evidence involv

ing Raphanus which showed that the cuticle barrier can be 

breached in both compatible and incompatible reactions 

(Dickinson and Lewis, 1973). 

Self incompatibility has been found throughout the 

family Cruciferae (Bateman, 1955). Self incompatibility 

was first described in the Compositae by Gerstel (1950) and 
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Hughes and Babcock (1950). Other studies by Crowe (1954) 

on Cosmos bipinnatus, Brewer and Parlevliet (1969) on 

Pyrethrum clones and Imrie and Knowled (19 71) on Carthamus 

flavescens have resulted in the classification of the 

Compositae as having a sporophytic self incompatibility 

system. 

The self incompatibility system of the composite Hap

lopappus junceus Greene has been examined in this study. 

Since self incompatibility evolved before the evolution of 

the angiosperms and is characteristic of most Haplopappus 

species, any self compatible plant would be the result of 

a mutation at the self incompatible locus or at another 

locus which inhibited the incompatibility system. Such a 

mutation was found in the normally self incompatible H. 

junceus. This mutation to self compatibility was examined 

in order to determine the genetics of the mutant system. 

The formal genetics were determined using self, interplant, 

and interspecific crosses. 



CHAPTER II 

MATERIALS AND METHODS 

The source of Haplopappus junceus was seed collected 

by Dr. Reid Moran, nine miles east-southeast of Santo 

Thomas in Baja California, Mexico. Twelve plants were 

grown to maturity in the greenhouse. One of these plants, 

7280-4, was noted by Dr. R. C. Jackson to set seed without 

artificial crossing and in the absence of insects. 

The heads of twelve plants were bagged prior to anthe-

sis. These plants were selfed and seed set was determined. 

In all self crosses one of two procedures was follow

ed. In the first procedure the heads of the plants were 

bagged prior to anthesis. Throughout anthesis, the heads 

of the same plant were rubbed together and rebagged. Once 

the heads were mature, the number of viable and nonviable 

seeds were determined. If there was not more than one 

head, the pollen was brushed over the entire head with a 

paint brush. The head was rebagged after each self pollin

ation. This process was continued once a day until the 

anthers withered. After each cross, the paint brushes were 

washed in 70% ethanol to kill any pollen. Once the heads 

were mature, seed set was determined. 

Reciprocal crosses were done between H. junceus 7280-4 

and the self incompatible plant H. junceus 7280-1. The 

17 
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seeds from these crosses were germinated in a mixture of 

half distilled and half tap water. When the seedlings 

were approximately 1.0 cm long, they were planted in ex

panded peat pots and kept under optimum conditions for 

one month. At this time the plants (F̂ ^ hybrids) were 

transplanted to 6-inch clay pots and were grown to matur

ity in the greenhouse. 

The F-ĵ  hybrids were selfed and seed set determined. 

Seed from self compatible F-j_ hybrids were germinated 

and grown to maturity in the greenhouse. At maturity 

these plants were selfed and seed set of the F2 hybrids 

was determined. 

Interspecific crosses were made between the self in

compatible F, hybrids (7280-1 x 7280-4) and Haplopappus 

spinulosus (Pursh) DC. Prior to these interspecific 

crosses H. spinulosus was selfed in order to determine 

whether this species is self compatible or self incompat

ible. Before anthesis the heads of H. spinulosus and the 

F hybrids were bagged. At anthesis the heads of the two 

species were rubbed together and rebagged. Seed from these 

crosses were germinated and grown to maturity in the green

house. These interspecific hybrids were selfed and seed 

set determined. 

Pollen counts were done on incompatible plants, in 

order to determine whether incompatibility is due to chrom

osomal abnormalities or incompatibility alleles. 



CHAPTER III 

RESULTS 

In all crosses two hypotheses were tested: (1) that 

the self compatible (SC) allele is dominant and the self 

incompatible (SI) allele is recessive; (2) the SI allele 

is dominant and the SC allele is recessive. If both of 

these models had shown significant results, using the Chi 

square test, then other models would have been considered. 

A plant was considered incompatible if there was no seed 

set in the heads that were selfed. A few crosses revealed 

one or two viable seeds out of several hundred, but this 

was probably due to contamination rather than a compatible 

cross. A compatible plant is a plant which sets seed reg

ularly in most heads. 

In the first cross (Table 1), selfing of ^i Haploppa-

pus junceus (7280), four plants were compatible (2, 4, 5, 

12) and eight were incompatible (1, 3, 6, 7, 9, 10, 11, 

13). In order to test the two hypotheses, a Chi square 

analysis was used at a .05 level of significance. The test 

of the first hypothesis was 11.11 which is significantly 

different from the expected results. The Chi square test 

of the second hypothesis was .44 and not significantly dif

ferent. 

The second cross (Table 2) of five 7280-4 plants show-

19 
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ed that all plants were self compatible. 

When testing the two proposed models using the self 

cross of the F^ (7280-1 I x 7280-4 (?) hybrids, one must 

consider all possibilities when both SI 7280-1 and SC 

72 80-4 could be homozygous recessive, homozygous dominant 

or heterozygous. Therefore there are four possible re

sults of these crosses (Table 7). Despite the fact that 

there are four possible results of this self cross, only 

three are detectible. Progeny of this cross (Table 3) 

were twelve compatible plants (41, 56, 59, 61, 65, 66, 67, 

70, 72, 73, 74, 76) and seven incompatible plants (42, 50, 

57, 64, 68, 69, 71). The presence of twelve SC plants 

eliminates possibility 1 since there should be only SI 

plants. the test of possibilities 2 and 4 is 1.37 and not 

significantly different from the expected results. The 

presence of seven 81 plants eliminates possibility 3 since 

there should be only SC plants. 

The reciprocal cross 7280-4 ^ x 7280-1 ô  (Table 4) had 

four compatible plants and nine incompatible plants. 

The next cross was a selfing of the progeny of SC hy

brids (7280-1 X 7280-4). The results of this cross (Table 

5) are three compatible plants and no incompatible plants. 

Before the interspecific cross, all Haplopappus spinu

losus plants used were selfed and were found to be incom

patible. The selfing of the interspecific hybrids (SI H. 
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junceus x SI H. spinulosus) produced no compatible plants 

and twenty-nine incompatible plants. 

Pollen counts (Table 6) of incompatible plants show 

that pollen viability is high. 
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Table 1. 

Plant 
Number 

1 
2 
3 
4 
5 
6 
7 
9 
10 
11 
12 
13 

Selfing 
junceus 

results 
plants 

Per cent 
seed set 

.00 
8.57 
.00 

13.98 
7.75 
.00 
.00 
.05 
.00 
.00 

22.22 
.00 

from 
(7280) 

the twelve P, 

Number of 
heads 

2 
1 
1 
2 
1 
1 
2 
4 
1 
1 
4 
1 

Haplopappus 

Self 
compatibility 

^ 

+ 
— 

+ 
+ 
— 

— 

— 

— 

— 

+ 

- Incompatible - less than 1.00% 
+ Compatible - more than 1.00% 

Table 2. Selfing of five 7280-4 plants 

Plant 
number 

1 
3 
5 
6 
7 

Per cent 
seed set 

10.00 
5.41 
3.96 

22.02 
5.33 

Number of 
heads 

- Incompatible - less than 1.00% 
+ Compatible - more than 1.00% 

Self 
compatibility 

1 
1 
11 
3 
12 

+ 
+ 
+ 
+ 
+ 
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Table 3. 

Plant 
number 

41 
42 
50 
56 
57 
59 
61 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
76 

Selfing results from the F, 
X 7280-•4c?) 

Per cent 
seed set 

1.48 
.00 
.00 

1.57 
.00 

2.68 
4.02 
.04 

4.50 
7.25 

15.47 
.00 
.00 

1.43 
.02 

12.36 
2.19 
9.04 
3.37 

1 

Number 

hybrids 

of 
heads 

13 
4 
3 

18 
5 
12 
4 
5 

10 
5 
6 
5 
5 
6 
10 
2 

13 
4 
7 

(7280--1^ 

Self 
compatibility 

+ 
— 

-

+ 
— 

+ 
+ 
— 

+ 
+ 
+ 
— 

— 

— 

— 

+ 
+ 
+ 
+ 

- Incompatible - less than 1.00% 
+ Compatible - more than 1.00% 
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Table 4. Selfing results 
X 7280-lcD 

from the F. hybrids (7280-4-? 

Plant 
number 

Per cent 
seed set 

Number of 
heads 

Self 
compatibility 

- Incompatible - less than 1.00% 
+ Compatible - more than 1.00% 

19 
37 
39 
40 
43 
46 
47 
51 
53 
54 
77 
80 

.00 
3.79 

13.33 
2.65 
.00 
.00 
.00 
.00 
.00 
.00 

14.43 
.00 

1 
3 
2 
10 
5 
3 

10 
9 
3 
2 
8 
4 

-

+ 
+ 
+ 
— 

— 

— 

"• 

"• 

^ 

+ 

Table 5. Selfing results of the progeny of SC hybrids 
(7280-1 X 7280-4) 

Plant 
number 

1 
6 
5 

Per cent 
seed set 

2 0 . 0 0 
1 8 . 9 7 
1 9 . 2 3 

Number of 
heads 

Self 
compatibility 

- Incompatible - less than 1.00% 
+ Compatible - more than 1.00% 

1 
1 
1 

+ 
+ 
+ 
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Table 6. Pollen counts of incompatible plants 

H. 

H. 

Plant 

junceus 

spinulosus 

Plant 
number 

7280-2 
7280-6 
7280-7 
7280-11 
7280-13 

7333-6 
7349-5 
7356-4 
7350-7 

Per Cent 
viability 

86.33 
91.66 
90.56 
89.80 
91.04 

92.90 
94.52 
96.17 
97.42 

Table 7. Possible results of 7280-1 ^ x 7280-4 cf 

1. 7280-1 I SI (homozygous dominant) x 7280-4 cT SC 
(homozygous recessive) 

Expected phenotypes: all progeny are SI 

2. 7280-1 ^ SI (heterozygous dominant) x 7280-4 cT SC 
(homozygous recessive) 

Expected phenotypes: 1/2 SI : 1/2 SC 

3. 7280-1 I SI (homozygous recessive) x 7280-4 d* SC 
(homozygous dominant) 

Expected phenotypes: all progeny are SC 

4. 7280-1 ^ SI (homozygous recessive) x 7280-4 cT SC 
(heterozygous dominant) 

Expected phenotypes: 1/2 SC : 1/2 SI 



CHAPTER IV 

DISCUSSION 

The crosses done in this study have shown how a muta

tion in the self incompatibility system of Haploppapus jun

ceus is inherited. Various models were considered: cyto

plasmic effect, incomplete dominance, genie interaction in

volving more than one locus, and involvement of only two 

alleles and one locus in which SC is dominant and SI is 

recessive or SI is dominant and SC is recessive. 

A cytoplasmic effect would produce progeny with the 

same phenotype as the female plant. Examining the results 

of the reciprocal crosses between SI 7280-1 x SC 7280-4, 

one can determine whether a cytoplasmic type of inheri

tance is in control. In the cross 7280-1 ^ x 7280-4 cf 

there was segregation—12 SC plants and 6 SI plants. If 

there was cytoplasmic control, then all the plants should 

have been SI since the female parent 7280-1 was SI. In 

the cross 7280-4 ^ x 7280-1 (^ all the plants should be SC 

since the female parent of this cross is SC. However, 

four plants were SC and nine plants were SI. Therefore 

cytoplasmic inheritance must be rejected since the pheno

type of the progeny is not always the same as the female 

parent. 

Incomplete dominance produces three classes in a ratio 

26 
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of 1:2:1. The results of the crosses in this study have 

shown the presence of only two classes, SC and SI. Also, 

incomplete dominance has not been found in any other self 

incompatibility system studies to date. 

Complex incompatibility systems have been found in

volving more than two loci. Lundqvist (1954) found a 

complex gene system in Secale cereale involving two multi-

allelic 8 loci (labeled 8 and Z). The two pairs of alleles, 

S and Z, produces one unique unit. Identity of this unit 

in the pollen with the unit in the pistil would result in 

an incompatible reaction. Identity of one locus in the 

pollen and pistil would result in a compatible reaction. 

Pendey (1957) also described a similar system in Physalis 

ixocarpa. In this case identity of just one locus in the 

pollen and pistil would produce an incompatible reaction. 

Pandey also found an epistatic effect in Solanum pinnati-

sectum in which one locus, when homozygous dominant or 

heterozygous, was epistatic over the second locus. De

spite the occurrence of these complex systems, this type 

of incompatibility system does not occur in the mutant H. 

junceus. In the plants studied by Lundqvist and Pandey, 

a gametophytic type of incompatibility is present. A 

complex gene system has not been found in sporophytic in

compatible plants. Also the presence of such a system 

would result in a very low percentage of incompatible 
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plants. However, the crosses have shown that as many as 

75-50% of the plants were incompatible. 

With the elimination of these models, the model with 

two alleles and one locus with the two alternatives: (1) 

SC is dominant and SI is recessive or (2) SC is recessive 

and SI is dominant, was examined. 

In the first cross, field collected plants were ex

amined for SC. In the Chi square test of this cross the 

first model must be rejected since the results were signi

ficantly different from the expected. The second model 

showed a nonsignificant Chi square value and therefore 

should be the model accepted based on this first cross. 

The second cross was the selfing of five 7280-4 plants. 

Since all five of these were SC, this indicates that the 

SC allele of these plants is either homozygous dominant 

or recessive. If the plants were heterozygous, there would 

have been segregation with 3/4 of the plants being SC and 

1/4 being 81. The results found could be the result of a 

heterozygous plant in which no homozygous recessives were 

recovered. However, the probability of getting only SC 

plants is 3/4^ (.2373), where 5 = number of plants. 

The third cross, a selfing of 7280-1 ^ x 7280-4 d" 

did not determine which of the two models was valid. How

ever, the two possibilities that both the SC allele and the 

SI allele are homozygous can now be rejected. The Chi 
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square test revealed two other posibilities (2 and 4) with 

nonsignificant results: (1) the SI allele is heterozygous 

dominant and the SC allele is homozygous recessive (model 

2) ; (2) the SC allele is heterozygous dominant and the SI 

allele is homozygous recessive (model 1). Since these two 

possibilities produce the same results 1/2 SC : 1/2 SI, 

they cannot be distinguished from each other. Separation 

of the two models can be accomplished using the results 

from the second cross (selfing of 7280-4 progeny) in which 

it was determined that the SC allele must be homozygous 

dominant or recessive. Since the possibility representing 

model 1 has a heterozygous SC allele, this model must be 

rejected. The possibility representing model 2 has a homo

zygous recessive SC allele and is the model accepted. 

The fourth cross was a selfing of the progeny of SC 

7280-1 X 7280-4 hybrids. Considering the results, these 

progeny must be the result of either a heterozygous pis

tillate or staminate parent. Therefore, in this cross only 

two genotypes are possible, Ss, if the first model is 

valid, or ss, if the second model is valid. If model 1 is 

valid, then the selfed progeny should show segregation. 

The cross would be (81) Ss x (SI) Ss. Therefore, there 

will be 3/4 SI (88, Ss) and 1/4 SC (ss) expected. If model 

2 is valid, there will be no segregation and the cross (SC) 

ss X ss (SC) will show only SC (ss) plants. If any SI 
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plants are found in this cross, then model 2 must be re

jected and model 1 must be accepted. Nevertheless, no 

SI plants were found and model 2 is accepted. 

The last cross, an interspecific cross between SI 

7280-1 X 7280-4 hybrids and SI H. spinulosus, was used to 

show that SC was a mutation and therefore not often found 

in other plants. Considering the two models, there are 

two possible results, depending upon which of the models 

is valid. If the first hypothesis were valid, the S allele 

genotype of the two plants would have been ss, since SI 

is recessive. Therefore, all plants of this cross would 

be SI. If any SC plants are found, this model must be 

rejected. If the second model is valid, the 8 allele gen

otype of the hybrid (7280-1 x 7280-4) is Ss and the S 

allele genotype of H. spinulosus is 88 or Ss. If H. s£in-

ulosus is Ss, the results of this cross will be 3/4 SI and 

1/4 SI. If H. spinulosus is homozygous dominant, then all 

plants will be SI. The results of this cross were 29 SI 

plants and no SC plants. The only conclusion that can be 

drawn from this is that 81 may be recessive or SI H. spin

ulosus was homozygous. Previous crosses indicate that SI 

is dominant, H. spinulosus must be homozygous. Since H. 

junceus is a mutant, one would not expect a recessive SC 

allele to be found in other species. 

Since pollen fertilities of the SI plants were high, 
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there were no chromosomal abnormalities present. In this 

study loss of seed set was used as an indication of SI 

crosses, and therefore, the possibility of chromosomal 

abnormalities had to be eliminated. 



CHAPTER V 

SUMMARY 

A summary of the conclusions drawn from the crosses 

is the following: (1) field collected plants segregated 

3/4 SI and 1/4 SC, indicating that SC is recessive; (2) 

the second cross showed that the 7280-4 plant must be 

either homozygous dominant or recessive; (3) the third 

cross revealed that there were only two possible pheno

types for the two plants—SC was heterozygous dominant and 

SI was homozygous recessive or SC was homozygous recessive 

and SI was heterozygous; (5) the fourth cross had no SI 

plants, SC is recessive; (6) the interspecific hybrids had 

no SC plants, therefore examining this cross based on pre

vious conclusions would indicate that H. spinulosus was 

homozygous SS and since SC is a mutation, one would not 

expect the recessive SC allele to be found in H. spinulosus 

By examining all the crosses, one must conclude that 

the SC allele of the mutant H. junceus is recessive and 

the SI allele is dominant. 
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