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/ ABSTRACT 2
. The influence of self—pol‘lination, crosa-pollimtion. and absence
of ponllination on ovary protein subunit banding‘pat\terl'\s uaing‘US—Ds-
polyacrylamide gel electmphor\esis was exanined in ciones_ of Lotus .
cornicula\t.us L. cultivar 'Mirabel', Banding patterns. from self—polli;x‘ated
'-£1drats revealed the higheat overall protein content and the 3ieatest
number of bands of the three treatmenta, whexzeas cros_s-pollinateél\ florets )
revealed the l/owest overall ptot’ein content and the ieaat number of. bands,
Banﬂing patterns differed bbebween trea}:mantavwithin clones, and within
trea te-between clones., All élonab examinad produced more seed per
;:od a'_ Ilonser pods af‘ter cx\:oea-pol%ination than after self-pollinat\ion,
indicating that self-ifAcompatibility did occur in these clones. ,
_phaitioxi did not appear to affect the probability of fer‘tt{ization of an
ovule. Furtﬂhar regsearch is feaded on the genetics of ‘aelf-i;xcompatibility
in th}s spalciea, to rpemit establishment of clones with well-defined

cmpiemm:s of :anonpatib;.lir.y alleles.
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> RESUME -

-

Nous a;ons étudié chez divers clones 93‘Lotu§ corniculatus
L. cultivar Mirabel 1'effet produik par des auiofécéndations,‘
des croig\\ ts et par 1"absence de pollinisation sur lesn
diagra@?es\électrophorétiques de protéine& d'ovaire obtenus au
mo&en de la ggchniiue ﬂéélectrpphotége en'gel de polyacrylamide.
La plus forte concentration de protéinegjtotales ainsi que le plus
grand}nombre aedbandea furent relevés chez les fleurs autofécondées,
tandis que l'on no;éit la plus faib{e concentration de pr?téineé
éotales et le moins de band;axchez les fleurs ayant subi un croisement.
Les électrophorégrammes ont diffété entre les traitements appliqués
2 un méme clone, ainse que pont le mg;e traitement adminiatré
aux divers clones. ‘Tous les clones étudiés ont produit plus de‘
" graines ﬁar gousse.et3dea gotusaes plus,longues aprés un croisement,
ngttanq aina; en éyIdePceile 6hénaﬁ§n; d'autdiqconpatibili%é
existant chex ées*p}agta‘ La probabilité qu'un ovule soit fécondé
n'a pas semblé Q;re reilééﬂa la position occupée a l'interieur
de 1'ovaire. D'autres études, sur les mécanisnes génétiques gouvernant

la phénomhne 4' autoincompatibilité chez L. corniculatus L. sont

nécessaires afin de produire, des clones possedant des systdmes

\
4

d'alldles S bien définis. : - "
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CLAIM TO ORIGINAL RESEARCH ' :
< ~ ?
[ ) .
This thesis represents the original work of the author and 1s her

con:;ibution to an ugderstandiqg of self-incompatibility im Lotus

corniculatus cv. ! bel'. Differences in protein concentration and SDS -

polyacrylamide electrophoretic banding patterns were demonstrated between
. |
unpollinated aelf—pollinated, and crosa-pollinated ovaries (collected

v

24 hours after’ pollination) for the first time in this genus and family.
An electrophoresis technique for the analysis of ovary proteins for 1
1

plants with very small ovaries, containing low protein concentratioms,
\! "

was developéd. Iﬂ Eadition,\an original teghnique was used to \

)

to the end of the ovary. '

'

circumstantially determine the ability of the ﬁollen tube to penetrate !
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.I. INTRODUCTION . X N :
. ‘\ 1
Lotus cornicuilatus L. (birdsfopt trefoil), a perennial legume and a . §

naturhl tetraploid (2n = 24), originated in Ehe ‘Mediterranean regic;n
" (Hertsch, 1959) and advanced over most of western Europe (including the

British Isles) and eastward to As:l:a Minor (Giles,'1969). Within this

L

- ! - ]
century it has become a major forage crop in temperate regions of the

o world. ) / \

- Birdsfoot trefoil is an fmportant Sfxeciee to investigate as it is
increasing in usage in sou:heastetﬁ Qanada‘ and northeas‘tern United States .,
(Seaney, 1973). It withstands extremes of flooding and drought with less
loss thag other forage legumes and cau thrive in this cool, humid climate.

/

The forage produced is very digestible, even after the plants go to seed.

The leaves are high in protein but do not causg bloat in cattle or sheep,
’ and #re low in the e;trog;na that cause breeding problems (yangille and
Bubar, 1978). Milk from cows fed trefoil hay cont'ains more cafotene.
vitam:lx; A, and tocopherol, and exhibit better keeping qualities than milk

- from cows receiving .Ladino clover and tinoi:hy hays (Loosli et al., 1950).

\

Lotus corniculatus is an outcrossing specles and plant breeders g‘ n-
erally agree that it produces less aeed when aelf-pollinnt;d than wheq . . .
cross-pollinated. Although the morphological:'}ggd genetical aspects t;f Voo
this reduction in s\eed set, have been st\'xdiedv;.x{, \great depth, o work has

been done‘on the biochemical basis of this 1;henmegon.,“ Some ‘'workers feel .,_f,

P
Sy
AT

that both ;fg_}.ﬁ:‘é‘terility and s-elf—incompatibility éontribnt_:e to the reduced

:;
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. . s
seed set upow self-pollination. A study of the bidcliemistry of the self-

I

> incompatibility reaction would be of considerablé interest as it way reveal

! ' i,
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o N

the presence of a biochemical barrier to fertilizationrland so provide a

first step towards more detailed experimentation aimed at chemically by- S }
passing the incompatibility reaction,
. The ability to control the self-incompatibility reaction i1s advanta-

geous to the plant gen‘eticist and the plant breeder. A depressed seed set

due to self-incompatibility may seriously alter gene frequencies in a popu-

)
NS

lation, such that analysis of traits linked, or biochemically related, to

self-incompatibility may be grossly impaired. This is especlally relevant

vhen one is trying to determine if a trait is tetrasomically or disomically

inherited. Even characters that are not linked or somehow related biochem-

ically to self-incompatibiiitylwill have altered gene freq;lencies at the

population level due to the high ovule mortality that results from self-
0 incompatibility. If self-incompatibility is no longer present, greater

. genetic variability may be revealed, homozygosity of certain loci may fin-

ally be accomplished, aund persistent unqeéirable traits may be more easily
|
™ selected against. A survey of the protein differences between self-

poilimted and cross—pollinated ovaries ;ny provide a base frogn which to
ancover the mechanism that may some day be exploiﬁed to control the self-

incompatibility reaction.

Since both tetrasomic and diaon:h; inheritance vfor different charac- -
“:f' ) ' tets have been reported for Lotus cormiculatus (Bubar, 1958), tetrasomic :
"a{‘%‘ l"l’i}haritance of self-incompatibility has not bﬁn ruled out. Consequently, i w’ f
, t}m number of loci controlling the incompati};ility reaction is as yet un- N W ‘

determined. It is conaidered’ that an investigation into the protein dif- ! Jr;n).k’:

ferences between ovaries of self-pollinated and cross-pollinated f£lorets e
. R

may provide an insight into the mmber of gene loci involved.
‘ 5
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Lotus corniculatus is an interesting species to choose as a subject

for regearch in 1hcompatibility,’ due to the unusudl apparent location of

the self-:lnconpatibility&'reaction. In most plants with this type of in-

compatibility (gametophytic) the first evidence of incompatibility is in
54

the style, wherea\sn:l.p birdsfoot trefoil, the first morphological Aindica-

[

tion of incompatibility appears at the_ level of the ovary. Lotus
corniculatus is a favorable plant to study as it is a perennial, is easily
propagated vegetatively, and can f/léwer profusely for extended periods given
proper conditions. This permits an exhaustive study on-a single genotype.
Since the species is entomophilous, crosa-poili;ation is easily preventéd
when plants are paintained in bee-proof enclosures.

The object of this study is to compare protein subunit banding pat-
terns in self-pollinated and cross-pollinated ovaries usin;g sodium dodecyl
sulfate {SDS) imlyacrylamide gel electrophoresis, If consistent differences
between self-pollinated and /cross-pollinated ovaries of several plants are
found, this xmny~ suggest thnté these protein subunits are implicated in,
related to, or genetically linked with the self-incompatibilitxl reaction.

To insure that the self-inconpatibiiity reaction is occurring in the \(
plan‘ta exanined, the seed yield and length of the mature pods will be

analyzed. To gein insight into the difference betw\een compatible and in-

conpatible pollen-tube lengths, seed position will be examined.
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II. LITERATURE REVIEW . ;

T A, T;amino}ogy . ‘ S
i According to Brewbaker (1954), self-incompatibility is "the in-

; , ability of a plant producing fimctional male and female gametes to s% seed \/

S upon self-pollination”. Because self-incompatible plants carry factors for

incompatibility, such plants may also be involved in cross~incompatibilities,
- For this reasonm, many researchers prefer simply to use‘the term "incompati-

_bility".

The word "self-incc;mpatibility" was proposed by Stout in 1917, but
"gelf-sterility"» the term suggested by Darwin in 1876, was gtill being
used by Giles in 1949. "Self-sterility" is now restcht:ed to those forms
of sterility which te?ult from chromosomal abnormalities, the production of
non-functional gametes, or post-fertilization failure (Williams, 1964). \
i Hogenboom (1975) suggested the term ‘\‘incongruity". as opposed to in-
compatibility, to describe interspecific or intervarietal hybridization
failure. He defined incongruity as "nonfunct:ioning ‘of a relationship re-
sulting from a lack of genetic information in one partmer about some °
relevant character of the other".

Self-incompatibility is not real:ricEed to higher planta and has been .

recognized in the Ascomyctes (fungi) since 1934 (Drayton in Sclerotinia

gladioli and Ames in Pleurage anserina; for a review of self—incompatibiiity

-in fungi, see Lewis, 1954). In addition, hermaphroditic animals have been

de?ibad as self-incompatible, which include Ciona intestinalis (Castle,

i .
l o ;‘:25- ) ' N !
buby
'15;1 /
5
. v




.
-

f 1

1896) and Styela partita (Plough, 1933). In fungi the incompatible inter-l

action occurs between two haploid tisgues, whereas in animals it occurs,
between haploid and diploid tissues.
B. Genetics J \
Incompatibility in flowering plants has been observed for' over two
centuries. It was first reported in 1764 by K;)lreuter \}orking on Verbasc

phoeniceum (East and Park, 1917). There have been several reviews on the

genetics of incompatibility in Angiosperms (Darwin, 1876; East and Pask,

\19%)7; S!:m’xt, 1938; Bateman, 1952; Arasu, 1968) of which the one by de B
N

Nettancourt (1977) has been the most recent. Since the various incompati-
bility systems have been described in detail in these and other reviews,
only a general summary will be presented here.

Incompatibility systems are divided into "heteromorphic" and "“homo-

morphic" on the basis of floral morphology. In the heteromorphic aystem,

.incompatibility is correlated with differences in stamen and pistil height.

1
.

Flowers are of two or three types, depending on the species. In species
with two types, flowers with long stamens and short pistils will only
accept pollen from plants (o‘fithe same spec:lea)ﬂ with short stamens and long
pistils. A single incompatibility locus, S/s, controls the inhibition
reaction. In}the homomorphic system, there are no morphological diffetent;ea
to foretell the potential rasuit of /a cross.

In 1937, Sears distinguished three classes of homomorp‘tic incompatible
plants, based on the region in the pistil in which pollqn-tube growth

ceases. In Class I, pollen germination is inhibited on the stigma. These

- i

?

§ o —
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plants tend to exhibit "sporophytic" self-incompatibility, in which case .
substances produced by the male parent (carried by the pollen) react with

the female tissue to block fertilization. The genetics of this system was

first described in gt:ayule by Gerstel (1950) and in Crepis foetida by
Hughes and Babcock (1950).

In Class II, pollen gemination\ is normal, but pollen-tube growth is
1nhibit;ed in the style. These plants typically exhibit “gametophytic"
self~incompatibility, in whi‘ch case the male gametophyte (the pol‘len tube)
reacts in some wgy with the female tissue to prevent ultimate gametic fusion. !
The genetic basis of the gametophytic system of incompatibility was
determined by Prell in 1921 (Arasu, 1968), but it was ovet‘looked in the
literature for many years. East and Mangelsdorf (1925), working with
Nicotiana hybi‘ids, and Lehman (1927) and Filzer (1927), wprking with
‘Veronica, independently arrived at tixe ‘same concluaipn about the mode of

.

inheritance of this incompatibility system as did Prell.
N

In Clasa IIIX, the eelf-ineompatibiliéy reaction is manifested at some

\

-point after the pollen tube has entered the ovary. Narcissus (Frankel

!

and Galun, 1977), Theobz:og ca'cao,(Cope, 1958), Rubus arcticus L. (Tammisola
\

and Ryyn:nen, 1970), and Lotus corniculatus (Giles, 1949) fall into this

clasa. Thig is a rather heterogeneous group both in terms of the precise
point at which the incompatibility reaction occﬁrs and in terms of the
genetics involved. Whereas in Theobroma cacac the pollen tub: has already
liberated its contents into the ovule before gompatible and incompa*tible

pollen tubes are distinguished ‘(COPa. 1962), this 1s not the case in Lotus




¥ . »

corniculatus (Giles, 1949). In Theobroma cacao the genetical control of
e ———————— L

_the reaction is sporoppytic, wherega in Lotus corniculatus and Rubus

L

arcticus control is apparently gametophytic., Thus, in the ovary, the in-

compatibility reaction may be either between tghe male gametophyte and the
female sporophyte (}:l‘}e ovaryl) or between the male gametophyte and the
female gametophyte (in the ow;ule). This latter type has been reviewed
by Tammisola and Ry&n‘a‘nen (1970) ., .
Most of the early work dealt with incompatibility system\s that were
apparently contrblleé by a singlé gene locus, often designated as "S."
Later, Owen (1942) discovered that the incompatibility system of ggi:_g
vulgaris was controlled by several gene loci. Since then, sifilar com-

Plex systems have been uncovered in many plant species (See Lundqvist

(1975) for a review).

C., Biochemistry \ ~
‘ Pollination is an event that causés major changes in the metabolism

of the flower, tixe moatprof.ound occutring“ in the pistil (Linskens, 19;4).

As a consequence of compatib].‘e pollination, reapration is stimﬁlated.
growth hommones increase rapidly, starch and free 'sugars alter, the amount '
and cou;;oaition of proteins change (Shivanna et al., 1974; Mascarenhas,
1975; Roggen, 1967; Tup§ et _;_;_., 1974; Ascher and Drewlow, 1970) and
ansyme activ:ltf is affeqtad (Paton, 1951; Mascarenhas, 1975; Stanle;r and
Linskens, 1974). ! | /

Incoupatibl; poll}nat:i&n can initiate strikingly different develop-

ments. The following is a summary from various gametophytically incompat~

ible species and d;n not apply specifically to any one species.

1 kY {
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During progression.of the pollen tube through the style, the pollen-
tube nuclei in an incompatible pollination may behave abnormally ‘(Lialkens,
1974, van den Ende, 1976). As well, carbohydrate metabolism may be
”é‘istulrbed, resulting in a proliferation of callose plugs and a higher(
density of fibrils in ‘;:he pollen tube walls (Currier, 1957; Linskens,
1964; de Nettancourt, 1973; Dickenson and Lawson, 1975; van den Ende,
1976). ‘ |

Self-incompatibility is also characterized by different activi{ies of
some enzyme systems (Linskens, 19613; Pandey, 1967; Bredemeijer and _Blaas,
1975). Pandey (1973) observed that self- and cross-pollinated Lilium and
Nicotiana plants différ in their heat sensitivity of esterase iscenzymes
in the style. However, this need not imply that esterase is involved in

the self-incompatibility system,.since temperature sensitivity of pollen-

tube growth 1s kndwn, at least in Trifolium hybridum L., to be genetically
linked to the self-incompatibility system (Townsend, 1970, 1971). This

. may explain the relationship observed between self-incompatibility,
temperature| - sensitivity, and esterase isoenzymes. Pistil amino acid
patterns differ accoxding to whether'the plant has ‘been self~ or cross-
pollinated (Linskena and Tupf$, 1966; Pipkin and Larson, 1973). Self-
pollinatad‘planta in some species have been demonstrated to respond di\f'-
farentlty to RNA synthesis inhibitors (Ascher, 1971; Linskens, 1975). ‘
Quantitative and qualitative differences in protein and glycoprotein
aynt.heaf- have been demonstrated between the two types of matings (van den

. Ende, 1976; Sarfatti et al., 1974; Ascher and Jrewlow, 1970; Deurenberg,

[ !
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1976; van der Donk, 1974a,b, 1975). Van der Donk (1974a, 1975), using

sodium dodecyl, sulfate (SDS) gel electrophoresis, found great differences

in the protein banding patterns of self- ws. cross-pollinated styles of

'

Petunia hybrida L.

The biochemical timing of the self-incompatibility reaction may

N

anticipate the morphological manifestation of the event. Linskens (1975)

and Deuu?nberg (1976), working with Petunia hybrida, found that pre-

activation of RNA and protein synthesis in the ovary occurs following self-
pollination, even though the “self“-pollen tubes in this plant will never

reach the ovary. In Abelmbschus esculentus, pollination induces dissolu-

tion of the nucellar cells at the micropylar end of the ovule, forming a
passage for pollen-tube ‘entry even when the pollen tubes are in the

stylar region (Chandra and Bhatnagar, 1225) . This may provide some insight
on how and when the pollen tube "communicates" with the ovary and/or
ovules.

Experiments \\nsing impunological techniques suggest that the self-
incompatibility reaction 18 associated with specific proteins. Lewis
(1952), working with Qenothera organensis, pro/(fuced antisera to protein
fxfom macerated pollen with different incompatibiu_ty _genotypes. Using | .
the precipitation technique, antigems v;ere found that were specific to the
different pollen gejnotypes. This was confirmed in an experiment he carried
out with Burrage and Walls (1965) Qsing leachates from intact pollen grains.
Linarkens (1960, cited in MEkinen and Lewis, 1962), working with Petunia

. |
hybrida extended the immunological technique to include stylar proteins,

v
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and showed that the self-incompatibility reaction between pollen tube and
style is correlated with specific proteins. Using radioactive tracers and
paper electrophoresis, Linskens (1958, cited' in Makinen and Lewis, 1962)

showed that a complex was formed between pollen and stylar proteins in
Eh i .

Petunia after the incompatibility reaction had occurred.

»Staining tésts and heat denaturation on pollen: extracts and on
exudates into agar indicated that the antigenic substance is a protein,
but could include a polysaccharide component (Mgkinen and Lewis, 1962).

Lectins, or phytohaemagglutinins, have been proposed as a class of

- aubstances that may. enable recognition of 'self' and 'non-gself' in plants.

Lectiris are solt‘xbyle globular préteins and glycoi:roteins that can bind
specific carbohydrates with high affinity (Knox, 1976; Clalr'ke et al .,l
1975). They have been implicated as a ';luing‘ substance in cell wall
extengilon (Kauss and Glaser, 1974), possibly binding different carbohy-
drates more or less reversibly (Kauss and Bowles, 1976). Jermyn (1975)
suggests on  the basis of precipitation reactions, due mostly to.
lectins, between plant t%saue qtracts, t:hat‘a wide rans:s of specific
interactions betwe;n macromolecules of p\lant origin’are possible, and
that for plant species there is at least a rudimentary recognition of the
d/iﬁferences between substances that are "self'" and "non-self'. Burnet
(1971) has pointed out in relatioix to the human immune system that

éqaaibla defence mechanisms have evolved as secondary elaborations in a

basic aystem evolved for self-recognition.

Jppt—




I

. ﬂﬁl913, Compton proposed that substances are formed in the pistil

\ ‘ v
3
which stimulate or retard the growth of the pollen tube. He drew an
analogy between self-sterility and the growth of fungus hyphae into the
host tisbue, and compared the mechanism &f self-sterility with that of
. : oA

immunity against a pathogen. Later, lectins were faund.tfo be involved

in fungus-plant reactions, such as that between Lotus corniculatus and

Rhizobium (Currier and Strobel, 1977). The possible involvement of lectins

in the recognition reaction in pollen-tube growth is suggestive of '

-

Compton's original comparison in 1913.

D. Self-Incompatibility in Lotus corniculatus

It is generally agreed that lotus corniculatus L. produces less

seed when self-pollinated than when cross-pollinated, This feature is
common to other peremnials within.the genus, but has not been observed

in the annuals examined which seem .to be gelf-pollinators\for the most
part (Zandstra and Grant, 1968). Self-incompatibility can serve as an
effective outcrossing mechanism for a plant species that is likely to
produce offspring many times, and can afford to depend upon bees for
pollination, Stebbins (1958) indicated that long-lived species tend to
be more allogamous than short-lived ones. Ok'a and Morishima (1967), work-
ing with Oryza sativa, \o;here atrains exhibit a perennial-annual continuum,
found that perennial forms outcrossed to a greater extent than annual
forms. In fourspecies of Melilotus in which both annual and biennial

forms were present, the agn:al forms were found to have higher self-

fertility than their biennial conspecifics (Sano, 1977).

~
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1. Seed Production i N b
: Many researchers have compared seed set in Lotus corniculatus

between self- and cross-pollinated plants. As far back as 1876, Darwin . \

( observed that insects were crucial to seed production in this species.

]

In 1931, Silow noted that Lotus corniculatus was practically "gelf~

? -
sterile", but that occasionally plants set a few seeds after self-pollina-
tion. Three out of 22 plants were slightly self-fertile voluntarily (8.7

to 30.3 seeds/100 flowers) but 14 out of 22 were self-fertile whén deliber-

=~ %

L ately self-pollinated (1.1 to 416.0 seeds/100 flowers).

— Then in 1946 MacDonald claimed 100% floret self-fertility when single
:Q}ants wvere isolated with bee pollinators. Giles, in 1949, repeated this

[ 921

0 - e;periment but was unsuccessful, thus refuting the virtue of bee poﬂina-
tion over the human imitation, and thereby concluded that MacDonald had

\ erred. Possibly, he argued, progeny ;)f the parental plant had inadvertant-

LY

ly been allowed to germinate and ultimately contribute "non-self' pollen;
G

or perhaps the bees had not been rendered suffiéient{y "pollen-free"

) between trials. B - \
Giles' k1949) results agreed w'itl} those of Tome‘ and Joh;zsqn (1945),
who fout:d that ‘in ‘78% of the pﬁ’ats, f&mita were produced from only 0 to
5% of the florets self-pollinated. I!J contrast, 40 to 69.99% of the
florets when cross-pollinated produ;\;@gggs (Giles, 1949). Also, pods ‘
" resulting from cross-pollinations containest gt least three tim;as mor;a seéd ’ ,

and were longer than pods from seli-pollinaao,n. Giles was doubtful=that

{ ‘ any fruit ptoducéd had occurred without manipulation. He observed that

~
s B - L4
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fertile ovules were more frequent in the basal half of the ovary (t.he region
farthest from the style) following cross-pollination than following self=-
pollination., Brandenburg (1961), like Giles, found tilat outcrosses pro-
duced signi‘fic?ntly higl?er pod set, more' seeds per pod, and longer pods. ]
He also noted that outcrossers had significantly more plqmp seed and
matured faster. However, he did not find as]‘great a difference in seed set
between pods from self; and cross-pollinated florgts ag did Giles. He
confirmed that the average length of ppds resulting ffom cross pollination
was 20 millimetel;a while the average length of pods resulting from self-
pollination was \14 millimeters. Giles (1949) noted that post-fertilization,
l 3

abortion fur}:her\‘ reduced the amount of seed from a self-pollination, l;ut
\

did not mention post~fertilization abortion in connection with ?ods result-
ing from cross-pollinations. | | .

. In 1963, Wojciechowska reported 41.2% fertilization in ovaries from
cross-pollinated florets\ (in 1958, Bubar reported 50X or less) as opposed
to 6.7% after self-pollination. Post-fertilization abortion was reported
to be slightly greater after self-pollination. This author concluded that

Lotus corniculatus was partially self-incompatible.- In contrast to Giles

(1949), Wojciechowska maintq?ined tHat there was probably no relation betweein
fertility and the location of the fertile ovules.

In a hybridization study involving 360 plants, Seany (1964) reported
that oniy 7Zﬂof th‘; plants produged more than an ave‘t\'age of 0.5 seeds per:

aélf-pollinat:ad flower, vhereas 45% of the plants produced no seeds.

/ \ / LS -
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In 1977, Schasf reported that average differences in croqs-fertility
among 13 plants ranged.from 1,5 to 9.8 seeds per flower pollinated, Llihough
17 .out of iS6 crosses produced greater than 13 seeds per flower pollinated
and 14 crosses were sterile. No relationships were apparent betwe;n a
plants performance ag a female and as a male. There was considerable vari-
ation in the success of an individual plant as a male or a female, depend-
ing upon the plaﬁglwith which it was cross-ﬁollinatedf

It would appear that researchers will most likely continue to obtain

i

widely variable results when comparing self-pollination with cross-pollina-
) .

tion in Lotus corniculatus. The literature suggests wide variation in

number of seeds per pod betweeﬂsplapts in a population. This variation ™

becomes even more apparent when one considers the origin of the germplasm

and allows for the discrepancies between different taxcnomic collectioha

and local cultivars of Lotus cormiculatus.

2. Genetics

The genetic basis of self-incompatibility in Lotus corniculatus
haéjbéen explored in great depth (Bupar. 1957; Brandenburg, 1959; Miri,
1964) but has not yet been determined with certainty (Seaney and Hensen,
1970). Since Lotus corniculatus is considered a segmental allopolyploid
(Stebbins, 1950), the genetic basia for the incompatibility reaction may be
more co;plex than for diploid species. Typically, diploid apeciee tend to
raduce &hhﬂ% self~incompatibility when their chromosome complament is
doubled (Levis, 1943, Brewbaker, 1954). This h:a evidently not ?een the

case vith Lotus corniculatul. Loci from several original parents may have

*
-

0
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combined in tpis species to éontri§pte to‘theﬂresulting indompatibility

system. It is prop933§ that this species exhibits gametophytic inéompati~
bility, and that several loci are involved in the control of the incompat-
ibilit; reaction. Since some seed are produced from self-pollinations, ghe

incompatibility reaction is designated "incomplete" (Wojciechowska,'19ﬁé).
- {

!
ﬁ\ ' 1

3. Morphology
| Giles (1949) first observed that a difference in the rate of

pollen-tube growth after self- vs. cross-pollination occurred only at the
level of the ovary. Spiss (1969) ;nd Spiss and Paolfl%o (1969) confirmed
81les' observation that no difference in the éollen~tube growth rate occur-
red at the fevel of the stigma or sgyle. Brewbaker aﬂa ngumder {1961)
stated that inhibition occurs iﬂ the ovary after completion of pollen-tube
mitosis. According to Giles, pollen tubes feach the o%ary}%ithin 24 hours
after.pollination under field conditions. By 36‘hou£§lsome reach the
micropylg (Hansen, 1953). Wojciechowska (1963) reported pollen tubes with-
in the ovary 24 to 48 hours after pollination.

Various factors combine to contribute to a lower seed set after self-
polliﬁation. According to Bubar (1958), outcrossing Lotus species stagger
the readiness of ovules to be fertilized.\to prolong the total leAQt of
the‘period of anthegia and increase the probability of being visited by a

bee during the period when pollination is still possible. Fors this reayon,

rarely more than 50X seed set will result from even the most favour

. ¢
cross-pollination, assuming a single pollination event (Bubar, 1958). In

contrast, salf-pollinating congenerics exhibit .aynchronous ovule development'

[

vithin a single ovary (Bubar, 1958). i
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" Bubar (1959) considered self-ipcompatibility and self-sterility as two

LN

' ) .
distinct explanations for the reduced seed set, 8e1f-1ncompntib§11ty is ‘ ' i
v \ L3 '

. expressed by a slower rate of growth of self-pollen tubes within the ovary,

as observed by Giles (1949). The rupture of the stigmatic membrane, which
is a prerequisite/fot pollen penetration into the style, is typically per- \
formed by‘a bee. Therefore, in all probability, cross-pollen (from the bee) ,
will be included in each natural pollination. Since cross-pollen has an
advantage over self—pol;en at the level of the ovary, éross-fertilizatioA
is favoured (Bubar, 1959). Self-sterility is expressed by post-fertiliza-
tion aborti&n.‘ Giles_(1949) does not consider this a major cause of lower- '

5

ed seed set after self-pollination in Lotus_corniculatus, although Bubar

(1959) does. In genetical studies, self-incompatibility effects may

easily be confounded with self-sterility. ] '

4. Bilochemistr
Experiments on the biochemical basis of incompatibility have

been’ attempted in various species but none to date on Lotus corniculatus..
' ~
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III. MATERIAL AND METHODS

A. Plant Material

Lotus corniculatus L. (cultivar Mirabel) plants used were grown

in December 1976 from seed from a single 1976 accé;;ibn EA. E‘\Lods Research
P Station, Macdonald College), and were maintained under controlled environ-
mental conditions ;rior to the experiments. Plants were grown in a mixture
of soll, peatmoss, vermiculite, perlite, and sand (5:3:2:1:1) and were
fertilized regularly. Cuttings were propagated when the plants were five

months old. Data from cuttings and parental plants were pooled.

In October 1977 six randomly selected c¢lones gdesignated P, PY, 0B,

PB, O and Y) were placed in cdontrolled environment chambers with a constant

temperaéure of 20 + 1°C, an 18:6 hour day:night light-.cycle, and a relative J

<:) humidity of 75 + 5%, to optimize fl&wering ;onditiodb. Four of the clones
(P, PY, PB and 0B), consisting of four plants each, were used for electro-
phoretic studies from May to,  July 1978. Mature pods ware‘collected from

L all six clones from October 1977 to August 1978.

large morphological differences distinguished the six clones (Table

}{ 1), such‘that the origin of the plant was obvious. After complete floret

o removal, plants of the same clone would begin to produce florets one or

N tvo days apart from each\othcr. but poaaiﬁly weeks before or after plants
~

of other clones had begun to flower.

i B. Plant Treatment .

;@i , ‘ Florets used for electrophoresis were plucked at anthesis (the
Itéég "erect standard" stage; Giles, 1949), when presumably thez(wduld<bo most
E%g% @%ﬁ d attractive to bee pollinators. Ascher and Peloquin (1966) found that the




{

o4

“Table 1. Morphological characteristics distinguishing the clomes.

Clone Floret production Plant height

P high short .
i PY high - intermediate
OB low tall
(] moderate ' short
-y low tall
PB moderate intermediate

“

_ Leaf colour Habit
yellow-green ascending
dark green ascending )
g:een alnosc,'erect
yellow-green _semi-prostrate
green almost erect
yeuow—grem asce;:ding

Keel tip colour
yellow,

yello;a

yellow

browm

brown

yellow

81
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Self-incompatibility reaction was strongest at this time in Lilium longi-

florum Thunb., Care was taken to exclude floreta that were beginning to

show £igns of seneacence, such as wilting or the onset of floral abscission.

A

. Flowers plucked were either unpollinated, or had been self-pollinated, or

crogs-pollinated, 24 to 26 hours prior to removal.. According to Giles
(1969): pollen tubes reach the oviry 24 hours after pollination under
optimum (field) conditions. Some ollinated florets were not removed until

maturity, vhen parameters describgd below were'annlyzed.

Florets were self-pollinated by slitting the carina (keel) with a

sterilized diﬁsectins[neadlé Sdippe ethanol and flamed) to expose
the stigma, rupturing the atigmatic membrane by rubbing the stigma with
fine-grained sandpaper (a new piece was used for each Elone); and fresh
pollen from the same plant placed on the stigma using 8 sterilized dis-
secting needle. Treated umbels were labelled with white Time Tape
(Professional Tape, Inc.).

"' Florets were emasculated prior to cross-pollination. A sterilized
dissecting needle was uased to slit the carina of a floret at the "pointed
bud" stage (Giles, 1949), just prior to anther dehiscence, A 145 mm
pasteur pipette fastened to a vacuum puiip was used to remove the anthers,
The umbel waa igpellad vith red Time Tape after treatment. Emasculation
at oarl{er stages caused more damage to the bud, thus reducing the proba-

bility of the floret surviving to anthesis. Some plant clones withstoéd

" emasculation much better than others. Large flower size and sturdier stems

" increased the probabllity of a clone reacting favourably to emasculation.

- | 2
w . N
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Only two of the six initial clones survived emasculation to a degree that
permitted electrophoretic analysis of érodd-pollination: Coincideﬂtally.\
both these clones had been crosa-pollinated with the same plant of a third
clone. Within two to three days after emaaéulation, the flowers tﬁat had
survived to reach anthesis.were cross-pollinated, such that an entire clone
'would only be cross-pollinated with one plant of the clone acting as the

pollen parent. The same pollination technique was used as for self-pollin-

ation, except that in this case, after pollination the umbels were labelled

with orange Time T?pe rather than with white.

Clones P and PY were cross-pollinated with cutting No. 1 of clone OB,
cl&nea OB and PB with the parental plant of clone P, clone Y with cutting
No.“l of clone 0, and clone O with cutting No..l of clone Y: Aéufficient
numbers of florets survived emasculation in clones OB, PB, 0, and Y to

pernit some cross-pollination for analysis of the mature pod.
I, '

C. Electrophoretic Studies

1. Chemicals and Apparatus \

Chemicals used in this study and the aources from which theyv
were obtained are as follows: sodium azide (N1N3). THAM (Tris (hydroxy-
methyl) aminomethane), sodium dodqc&l sulfate (aodium lauryl sulfate, SDS),
glycine, and bromophenol blue were obtained from Fisher Scfentific Company;
EszQ“ and 2-mercaptoethanol were obtained from J. T. Baker Chemical
Company; Na,HPO, was cbtained from Merck and Company Limited; N,NY,N',N'-
Tetramathylethylenediamine (TEMED) and N,N'-methylenebisacrylamide (bis)

from Canal Induatrial Corporation; acrylamide and the Bio-Rad Protein Assay

J

» \
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kit_ftomxnio-llad Laboratories; glycerol from Matheson, Coleman and Bell
Manufacturing Chemists; Coomassie Brilliant Blue R from Sigma Chemical
YCONP‘“Y3 and the Electrophores}s Calibxl‘ia\tiron Kits for high and‘ \low molecular
weight protein subunit determination from Pharmacia Fine Chemicals. Other
(:‘hemicala were obta\inéd from the most convenient commercial sources. All\
solutions were prepared using double (glass)-distilled water and were .

! filtered with Whatman No¥ 3 (9 cm) filter paper.

Plant tissue was macerated in a 7 ml Ten Broeck type Pyrex macerator;
and centrifugéd in Eppendorf micro~test tubes (polypropylene) in an
Eppendorf centrifuge Model 5412, both manufactured by Brinkmann Imat:rumem:s.I
Supernatant was concentrated 1n‘a Minicon Macrosolute Concentrator (B1l5)

manufactured by Amicon Corporation. The electrophoresis unit used was

built by Mr. Hagemann of the Instrument Shop, McIntyre Medical Building,

McGill University; and was powered by a Beckmann Duostat, Model’RD. A
Unicam SP 1800 ultravioclet spectrophotometer with a Unicam AR 25 Linear
Recorder was used to scap the gels and record band positions and relative

dye concentrations. ) |
|

2, O“E' Weight and Protein Content

Unpollinated Lotus coraiculatus ovariés were removed when the

florets vere af anthesis (the "erect standard" stage - Giles, 1949), and
the fresh weight, dry weight, and protein content determined. Ovaries were
oven~dried at 100°C to determine dry weight. Samples of 50 ovaries were

weighed on a Mettler balance.

The Bio-Rad protein determination assay was used to determine protein
concgn'trltion. as plant phenolics were known to interfere with the more

sengitive Lowry assay (Lowry et al., 1951). For the assay, fresh ovaries
\
l 1 N o
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were macerated in 0.1 M prechilled phosphate buffer (0.1 M Nazlﬂ‘oa, I0.005

M K“z"%; 0.01% NaN,; pH 8.0) in a prechilled hand homogenizer. The

homogenate was prepared as described for electrophoresis below to a final

volumeg of 0.1 ml.

3.! Sample Preparation . | ,

Each sample consisted of 250 ovaries macerated in prechilled
phosphate buffer (see above) in a prechilled hand homogenizer. The homog-
enate was evenly distributed into 1.5 ml micro test tubes and cgntrifuged
.at 12,800 X G for five minutes. The supernatant was then removed and spun
for five minutes at 12,800 X G. 'The final supernatant was concentrated to
50 ul in an Amicon Minicon macrosolute concentrator that removes molecules
below a molecular weight\of ap;‘)toxi_mately 15,000, ’

To each of the concentrated samples was added 10 ul ’of the following
solution (modified from Laemmli, 3970): 60X (v/v) glycer:ai, 6% (v/v) 2-
mercaptoethanol, 6% (w/v) sodium dodecyl sulfate (SDS), and 0.045% (w/v)
bromophenol blue, dissolved in the phosphate macerating buffer. This
yielded the following concentrations in the final aolution after afidition
of@th@ protein sample: 10% glycerol, 1% 2-mercaptoethanol, 1% SDS, and
0.0075X bromophenol blue. The modification permitted addition of a smaller
volume of the above sol\;tion to the protein sample than would be possible
according to Laemmli (;970). but maintained the recommended concentrationa
of glycerol, 2-mercaptoethanol, and SDS. The phosphate buffer was used
instead of the recommended buffer (0.5 M Trias-Cl, pH 6.8; Laemnli, 1970)
because addition of such a smil volum; of pH 6.8 buffer to the sample
would not have changed theifinnl pH appreciably from the sample pH of 8.0,

v

|
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4. BElectrophoresis
Siliconized glass tubes used for electrophoresis were 125 mm
long with an inner diameter of 5 mm. The gels and electrode buffer were
prepared according to Laemmli (1970), with a 90 mm separating gel and a
250 ul stacking gel.” A 7.5% separating gel was used instead of the 9%
separaéing gel described by Laemmli (1970). Electrophoresis was performed
for 3 hours and 20 minutes at a éonatant current of 2 milliamperes per gel.
T@e bromophenpl blue mar}er was permitted to travel 8 + 0.5 cm through the
;eparating gel. /
) Simultaneous with the\samples, two standard gels were run, each con-
taining a mixture of | proteins for molecul}r weight de:er;nination. Stan-

1

’dard protein subunit mixtures were dissolved in phosphate macerating buffer

(:) (Aesciibed above) instead of the recommended buffer. 0l01 ml of the
atandard protein subunit solution (high or low molecular weight) were used
for each standard gel. -

After completion of electrophoresis, each gel was stabbed with a
syringe needle coated with India Ink to 1ndi§ata the position of the
bromophenol blue marker, and was stained *n a solution of 0.lz<Coomaa§%e
Blue R, 25X erropanol; and 10X acetic acid (Fieldes et al., 1977) for
18 ﬂouta at 37°C. Gels were then destained for two days in a solution of
10% 2-propanol and 10X -acetic acid. The destaining solution was changed
frequently. Gels were stored im 7.5% acetic acid and photographed. They

- were analysed oh a densitometer at.590 mm. .

)
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D. Mntﬁfe Pod Analysis - |
Pod léngt‘:r, seed number per pod, length from the farthest seed

from the atyle to the distal end of the pod (with resp_ect: to the style),
and number of seed in the distal vs. the proximal half of the pod were
tabhl‘a:ed for..mature pods (pods and sepals brown or straw‘t—colouted).
Pod lhaqgth and position of the farthest seed were analyhzed for clones P
and PY using the Student's t-test (Steel and Torrie, 1960) and the
Kolmogorov-Smirinov t;at (Siegel, 1956). Mean and standard deviation
were computed for all clones examined. Seed mumber for clones P, and PY

|

were analyzed using the Kolmogorov-Smirinov test, qnd for all clones the
L \' ‘

median and values one quintile above and below the median were computed.

Maximum seed set was noted, as well as total number of ovules per pod.

o
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IV. RESULTS

»

A. Electrophoretic Studies
\

1. Preliminary Analysis \

a) Ovarzo Weight. The fresh weight of 50 unpollinated ovaries
at anthesis was determined to be 0.10 + 0.01 g (mean and standard deviation

for 10 sahpleaf and the dry weight for the same number of unpollinated

ovaries at anthesis was 0.025 + 0.001 g (5 samples). ' -F

b) Protein Content. Using the Bio-Rad protein assay, 100

unpollinated ovaries plucked at anthesis were found to contain 40 to 60 ug
.

of buffer-soluble protein (three replicates). Since Maizel (1971) recom~

mended using 100 pg of protein per gel for samples whose electrophoretic

banding pattern is unknown, 250 ovaries were used per gel in orde'r to !atf\ain

an approximate protein\contenf of 100 to 150 ug per gel. For consistency,

the same number of 6varias ‘were used per gel for the self-pollinated and
cross-pollinated ovary samples. R/es.uilta from electrophoresis would thus
indicate relative protein concentr‘:ations between unpollix';ated, aelf-pollig—
ated, and croas-pollinated‘ ovary samples.\ ‘

° ¢) Standard Curve for Protein Subunit Molecular Weight

‘

Determinations. To estimate protein subunit molecular weight, protein

subunita of known molecular weight were run concurrent wit':h the ‘gels
containing the sampl‘?a. A plot of relative mobility (Rf) against log
molecular weight was then constructed (Fig. 1) from which to derive
approximate molecular weights of the protein subunits in the sample for

which only the Rf values were known. The points obtained using the

e
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standard protein subunits were found to approximate a line (Fig. 1) in the
region where mos;: of, the protein subunit bands appeared in the sample gels,
so this technique was considered applicable for moleculat’weigpt deter-
minauiotll of protein sm;bunita in the sampla;s.u °

Two mixtures of protein a‘t:andards were used; one migﬂ:ure' for the
determination of molecular weight of pro‘t:gin subunits with relatively hig
molecular waeighnt:s~and the ogher mixture for the determination of mgleculat
weights of prot;ein subunits \;ith‘relatively ‘1ow molecular weights. The

®

high molecular weight protein subunit calibration kit contained the

following: thyroglobin (molecular weight (M.W.) = 33,000), ferritin

(M.W, = 18,500; M.W. of the half unit which appeared as well = 220,
albumine (’i‘i.w.m 6?.000), catalagse (M.,W. = 60,000), and lactate dehydggfRen-
ase (MW, = 36,000). :The loy molecular weight determinatipn kit contained
the following: phosphorylase b (y.w. = 94,000), albumin (M.W. = 67,000),
ooval\bun,xin (M.W, = 43,000), carbo/nic anhydrase (M.W. = 30,000), tr/ypain
inhibitor (M.W, = 20,0000). and a-lactalbumin (M.W. = 14,400). Densitom-
ater crfcinsa for the two types of standard gels are indicated in Figs.
2 and 3, Appgx:enciy the gel’ nyaftem lused cou]id accommodate protein sub~
. :\nua" of moleculat[ weights extending from 14,400 to over 330,000, |
¥

9 °

2. Blectrophoresis
e Snl;pllt.of unpollinated ovaries at anthesis vere analyzed
cl‘ctrophorct:lc'nly from four plant clones (P, PY, PB .and 0B). Ovgries

* from self-pollinated ﬁ.outl were analysed from clonss P, PY and PB.

'
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Ovaries from cr{on-poll:l.natad florets were only obtained in quantities

sufficient for analysis from clones P and PY. Pollen for cross-pollina-

tion was obtained from cutting No. 1 of plant clone OB, and was not

exanined alectroi:oretically. -
‘ a) a- P, Figure 4 compares densitometer tracings obtained

after alectrophoresis of buffer-soluble protein subunits of ovaries of un-
pollinated, self-pollinated, and cross-pollinated florsts of plant clone .
P. A photograph of ' thé gel obtained 1s included with each tracing and@ the
coqpenpot'\annce between the densitometer peaks and the observable bands 1s
indicated. Note that although the graphs are drawn to the same scale
with respect to R, (the abacissa), the concentration axes I(:he ordinate)
vary slightly between all three tracings.

The overall protein coﬁiem: (or posaibly, stainability) of the cross=~
pollinated sample is lower than that of aither the ﬁnpollinntad or self-
pol\linated samples. The self-pollinated sample has the greatest protein
content. The unpollinated a;td self-pollinated samples have racher similar
banding patterns, but an additional major peak (Rf = 0,30) 1is evidenc}n
the self-pollinated sample. Although bands appear in all cases at the gel

. fronts, at Ry = 0.50 to 0.55, and at the gel ofinin (dxcept for the cross-
pollinated llmpll)! radical differences are evident, Many ;am position

and band number differences exist batween the three treatments, and

relative and @ieolute concentrations of the 'same bands are diffexent.

! .
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1 b) CJ;one PY. Figure 5 compares densitometer tracing's and the
correapo’pding gel; of unpollinated, self-pollinated, and cross-pollinated
;ovary? samples for clone PY. Again, the ordinates of the three tracins;
differ slightly. As in clone P, the'aelf-pollinated sample contains more
protein than the unpollinated sample, which contains more protein than the
cross-pollinated one., Although the number of peaks appearsto differ little
batwe]en results obtained for unpollinated ar‘xd self~pollinated ovaries, the
relative concentrations have shifted dramatically such that in the gal
from self-pollinated ovaries, there are more than the four dominant peaks
observed in the gel from the uppollinated ovariea. Replicates of the un-
pollinated ovary sample (not shown) contained bands in the same positions
but which varied in prot:‘ein subunit concentration. The dominant position
of the central peaks of the aglffpollim:ed and unpollinated samples is
not observed here. Different peaks are dominant in the three samples,
although a central region of high protein cot;centration is consistent in
the three samples. This is also true for the plant clone discussed above.

c) l' Clone PB, Figure 6 compares densitometer tracings and the
corresponding gels of unpollinated and self-pollinated ovary samplea of
plant clone) PB, Again, the self-pollinated oi;hxl'y sample has a largertotal
amount of protein than the unpollinated sample, and this protein is
distributed more evenly over protein subunits of varying molacular weights
in ‘tt'x[a self-pollinated sample as complt&d to the unpollinated sample. As
with clone PY, replicates of the unpollinated ovary sample (not shown)
contained bands in the same positions but which varied in protein subunit

}
con_contntion. .
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d) Clone 0B. The densitometer £rn’c1ng and Qcorresp’onding gel
of the unpollina@ed oyary sample of clone OB are given in uFigure 7. This
result \313 much déffertént“from the electrophoretic results obtained from
unplllijrate‘d ovaries in the three plan’t clones mentioned, above, in that
there ik no domim‘mt reglon of very high protein concentration. The A
protein content here 1s apparently less than that‘of gels_ from salf-
pollinated ovaries from other clones, and greater than that of gels from
cross-pollinated ovaries from other clones,

In all gels examined, 1ntenae1y—st.aix\zed bandg were visible at the .
extreme ends (except at\: tl‘\e origin of the cross-pollinated sample of clone
P) . indicating that thé protein subunits examined extended across the kfull
molecular weight range of the gel system. Gels couta!:ned from 20 to 32

bands visible to the naked aye.

By~ Mature Pod Analysis
Maturae pods were collected,from six clones (p, PY, PB, 0B, O and Y).

The number of sseds per pod, pod langth, and relative position of the seed
|

fartheat from the style were c'ompireda between pocia resulting from self-
pollinations ané pods resulting from cross-pollinations. Also compared

were number of seeds in proximal and distal pod halves, and 'p'arca‘nt seed

3 |
germination.

-

1. Number of Sesds per Pod

One cannot assume that the number of ‘seeds per .pod corresponds
to a normal disttibution, as the values would be discretely rather than

continuously distributed. Thersfore, the Kolmgogov-Smirinov dne~-tailed:
| . N

* 1

°
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teat for unequal, large samples (Siegel, 1956) was applied to compare the
A
diatribution of number of seeds per pod in pods resulting from self- and

cross-pollinations in clones P and PY, wherd the sample sizes were large
for both types of pollinationsa. In both instances, number of seeds per

pod was found to be significantly different at the 0.0001 level between '

a

_pods resulting from self-pollinations and pods resulting from cross-pollin-

- A s
ations. * \

The median and the values lying 20% above and below the medlan are
indicated for seed number comparisons in all six clones (Table 2). Also
noted are the range of the number\éf sseds per pod aﬁd the number of samples
used. In each clone oxamin;d. there appears to b; great differences in the
values batween pods resulting from selfj and c;éas-pollinationa‘ In none
of the clones do the 20X 11&1:: above and below the median overlap. The
medians for the self-pollinated samples are almoat half, or more than half,
those for the cross-pollinated ones.. The maximum number of seeds is larger
in the cross-pollinated sample than in the self-pollinated agﬁple in all
clones examined. Note, however, t;;c there exists considerable variation

in the distribution of number of seeds p;r pod between the six plant clones,

" The largest seed set resulting from a cross-pollination was 39 seeds

out of 42 ovules, and the largestsssd set resulting from a- self-pollination

. - \
vas 18 seeds out of 38 ovules. No pods examined contained more than 60 .
, K '
ovulss (over 700 pods were examined), and most contained approximately

40 ovuleas, .

¢ tismas

_.___.._v_ﬁ_
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Table 2. Comparisons of ﬁumbet of seads per pod after cross- and self-
pollinationsin all six clones., Median values are given, plus
one quintile above and below the median. Range and aample size

are indicated. . -

L

Self-pollination } Cross-pollination

. Sample Sample
/" Clone Median +20X Range size Median +20X Range size

i

P 3 35  2-8 24 1L 914 2-26 50
44 6 47 114 % 11 816 2-25 58
0B 4 36 111 45 13 9-13  1-19 7 |
0 B 69 118 - 124 17 12-17 128 1
Y b b 197 14 7 57 111 8

, m 6 58 3-10 9 20 17-35 6-39 11
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2. Pod Lengths

The Student's t-test (8:001 and Torrie, 1960) was used to com-
pare the lengths of pods from self- and cross™pollinations. For both clones
P‘and PY, the difference was aignificant at the 0.0001 level. This was
true whether variances were assumed to be equal or unequal. The F-test
wvas perférmed on the same material. For clone P, the variancea between the
two samples were found toxbe significantly different at the 0.03 level, and

for clone PY the variances batween the two samples were found to differ
: !

'

significantly at the 0.005 level.

| The Kolmogorov-sbirinov test was applied to analyze pod length. To
convert the data to corrclpondggg a discrete diatribucioq, the range of
pod lengths was divided into 5 mm increments. For both clones P and PY,
the difference in pod langth betwesn pods ra-ﬁlting from aelf~ and cross-
pollinations was significant at the 0.0001 IQ?ohn.

Table 3 contains the mean pod 1Qnsth and corresponding standard devia-
tion for pods resulting from self~- and cross=pollinations from each of the
#ix clones. The number of ppds in each sample ia indicutc@,,;@l%hgugh,
there is a wide variation between the clones, a longer average pod length

is observed for pods resulting from cross-pollinations.

A

3. Relative Position of the Seed Farthest from the Style
Gliles (1949) suggested that one cause for a reduced seed yi,ld
f

for self-pollinated ovaries may be that the pollen tubes from sslf-pollen
~ PR [ .

i

tend not to reach the end of the ovary, vhereas pollen tubes from cross-

/ ’ ' |
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Table 3., Comparisons of pod lengths after cross- and self-pollination
in all six clones. Mean, standard deviation, and sample sisze

are indicated, Mean and standard deviation are in mm,

s-lf-pollinﬂtion ) v Cross=pollination

. Standard Sample Standard Sample
Clone Msan l deviation size Mean deviation size

P 18.12 | 3.1 2 25.9 4.63 50 |
PY 17.4 3,53 95 2.7 a8 58

0B 17.3 4.06 45 20.0 6.35 7
0 22,0 7.05 | 109 27.5 7.00 1

P3 19.1 2.8 | 1 28.1 5.94 \ 8

[ ,
Y 13,7 257 14 19.4 426 ' 8

LR
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pollen reach the distal end in much greater numbers. If this were a causs

for raduced sesed met after self-pollination, one would expect that the seed

moat distal from :he atyle would be farther irom the distal end of‘the

pod after self-pollination than after crosa-pollination. This distance, '

sxpressed as a parcent of the total pod length, waa compared between pods

resulting from self- and crcas-pgllinptionu. 3
' The Student's t-test was used to compare the relative position of the

most distal seed in pods from self- and cross-pollinations. Aaaum%ng equal

variances, the.-difference was found to be significant at the 0,0001 level

a for clone P and at the 0.006 level for clone PY: Asauming uQaqual vari-

* ances, the difference was found to be significant at the 0.001 level for q
clone P and at the 0.0018 level for clone PY, The F-test was performed on
<:’ the same material to test the null hypothesis that the variances of the two
sanples for sach clone wers aqunl.n For clona P, the null hypothesis was

rejected at the 0,01 iavnl. and for clone PY the null hypothesis was

N

rejected at the 0.000L lavel. Thus in both clonc,. the variances of the y
self-pollinated and cross-pollinated samples were ligniticlntly different.

l E . ‘ In Table 4 the mean and standard deviation of the rélt:ivc position ) “"
- of the moat diltni ;nad, lxprclrnd as a percent, are indicated for the six ‘
1:*11 | clonds. Jhnplc“ntn is indicated. Exclipt for clones OB and Y, it appears

that more space remains at the distal end of the pod after self-pollination

ot ) P
*ﬂﬂi ‘ than after cross~pollination, This is most obvious in clones P and PY . ”'

i
u Ry

" where the distal seed location values for pods resulting from self-

pollination are almost double thoas resulting after cross-pollination. , q‘,;

! \
| 0 -

;‘.\ 9 "
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Table 4, Comparisons of the distance of the most distal seed, to the

distal end of the pod (relative &o the styls), expressed as a

| °
percent of “the total length-of the pod, after cross- and self-
pollination in all six clones. Mean, standard deviation, and
sample size are indicated. Measurements in mm.
) \ , |
Self-pollination Crosa~pollination
!
© Standard  Sample Standard Sample
Clone . Mean deviation sine Msan deviation *siza .
P 22.8 15,8 - 2 10.2 10.0 46
PY 12.6 | 13.6 84 6.88 7.71 52
o] ] T 19.6 16.3 44 23.3 11.0 7
0 12.1 12.6 108 10.6 10.0 10
PB 12,0 11.4 10 8,71  13.0 8 '
Y 17.3% 17.1 14 - 18.6 137 q ) s
, R
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Although the diatal u;ad-locntion values follow a continuous distribu~ &f

tlon.‘the Kolmogorov-Smirinov test was applied to clones P and PY, by x )
grouping percents (such that class Em’e cgntlincd values from 0 to 4.99%,
class two contained values from 5 to 9.99%, etc.). No significant differ-
ence was found betwaen ulﬂ-poluxﬁtod and cro[u-p0111nucod samples in

either clone.
4. Number of Seeds in Proximal and Distal Po‘d Halves
No asignificant differance vas obaerved in podas from either
croas- or self=-pollinations, for the imunbu' of seads in proximal and ‘

distal pod halves, The numbers tended to be equal in the pods examined,

]
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V. DISCUSSION

Biochemical aspects of self-incompatibility in Lotus cornicula:uL L.
were investigated. Ovary protein subunit banding patterns on poly=-
acrylamide gels were compared between unpollinated, self-pollinated, and
cross-pollinated florets. Various parameters of the mature pod were
measured (1) to insure that self-incompatibility was occurring to a greater
extent than cross-incompatibility (which can occur), and (2) to gain insight

into the behaviour of the pollen tube after self~ and cross-pollinations.

A. Electrophoretic Studies
1. Prelimipary Analysia
Polya;rylamide gel electrophoreais ig a powerful analytical
tool for tha atudy of proteins. .It requires only a small quantity of
protein (about 5 ul per band; Maizel, 1971) and gives greater resolution
than the ultracentrifuge or other electrophoretic media, such as paper,
cellulose acetats, or starch gels (Dorbyuhire et al., 1976). Polyacryla-
mide, which is a aimple otscnic substance o! non-biological origin, is
less 1likely to ba contaminated with biological impuritiol (Maizel, 1971)
The buZfer-soluble protein content of Lotus ¢ corniculatus ovaries at

anthesis wng assayed to determine the numbar of ovaries requirad té/inlurn
bl

~ the appearance of bands using polyacrylamide gel elactrophoreais. The

dry weight of the ovaries was 258 of the fresh wniaht. Phosphate buffer-
soluble proteins with subunit molecular yeights greater than 13,000 ~
comprised approximately 0.1X of tht'total dry weight of unpollinated
ovaries. The protein content valus is a rough sstimate, as the concen-

trating device used is meant primarily as a qualitative tool.
l

-
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Most of the literature to date reports on legume protein content in
leaves (3 to 5% protein; Derbyshire et al., 1976) or in mature seed from
large~seed hort;cultural crops such as peaa and beans (28 to 25% protein;
Derbyshire et al., 1976). Little work has been done on the procéin content
of unfgrtilizod whole pods at anthesis in small-seed forage legumes.
Phosphate buffer~soluble protein would comprise a fraction of this value,

The anionic detergent aodlum dodecyl sulfate (5DS) denatures and

i

solubilizes proteins into rod-shaped subunits, the lengths of which vary

with the molgcuiar waight of the protein moiety for most proteins Sgeynolds

“and Tanford, 1970). Since SDS minimizes native charge differences, a good

estimate of molecular weight can be obtained knowing migration distance

(8hapiro, Vinuela and Maizel, 1967). Relatively crude extracts may be
ve

!

?ued. as protein -~ nucleic acid and protein - 1ipid interactions are
5 )

eliminated by SDS trea;mlnto as weall (Maizel, 1971).

To' astimate molecular woi;hc‘?t the sample protein subunits obaerved,
migration distances of protein subunits of known molecular wci{“t wers
compared with innplc migration dioﬁlncoaf Howaver, the use of Q different
aolgbililinu buffer for the standard protein migtugol (0.1 M phosphata
buffer lt’pﬂ 8.0 rather than 0.01 M Tris-HCl buffor containing 0.001 M
EDTA (ethylenediamine tetraacetic acid)) resulted in the losa of one band
using the low molecular wlizht mixture of protainu. and the leCl;anCC ot
saveral anonolouo bands using the high molecular woight mixturc of proteins.
The oboorvod protein subunits were easily d;ntinauilhod on the basie of

£
concentration differences. In experiments performed prior to those prasanted
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here, standard gels prepared using the gel syatem of Weber ad& Osborn (1969)
resulted in the expected banding patterns, Rf values derived from standard
gels used in this experiment still maintained a linear relation between

migration distance and the logarithm of™the molecular weight.

2. Electrophoresis

Twenty-four to 26 hours after pollination, Lotus corniculatus

pollen tubes have reached the ovary and most *have not yet entered the

ovrle micropyles (Giles, 1949). Therefore, any elect%ophoretic banding
pattern differences obaserved at this time between self- and cross-pollina-
tion would be due to self-incompatibility rather than self-sterility in
the form of post~-fertilization abortion,

Any incompatibility reaction manifested in the ovary at this time’
may either\?e due to the influence of pollen tubes in the style, in the
ovary, or a combination of both. Ovarian fnnponac to pollen tubes that
have not yet ;nnchad the ovary has been observed in other p&anta. /In
Abelmoschus esculentus, dissolution of nucellar cells at the micr;pylat
end of the 6vu1| gg form a passage for p&llan tube entry occur; when the
pollen tubes lt‘ still in the style (Chandra and Bhatnagar, 1973).
Iiinskens (1975) observed that shortly after pollination (and subsequent

excision of th pistil) in Patunia hybrida L., the llnqég}cal potential in
the style changes, suggesting that information may be roach§n¢ the ovary
or ovulo-be£oto4thc incom}atibility reaction bogina;‘ In self-pollinated
pistils of the same plant, proteins are transported 66 the ovary’ as the

pollen tubes approach, even though the pollen tubas never reach the OVary.
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a) Differsnces in Protein Content. Twenty-four hours after

e e e e e e e e e e

self-pollination, self-pollen tubes in the Lotus corniculatus ovary may be

growing at a slower rate than cross-pollen tubes, so it may appear
surprising that the %rotein content of the ovary of a self~pollinated

flower contains more proteins than that of a cross-pollinated flower, as

- was true of the gela examined. However, van der Donk (1974a), working

with Petunia hybrida, observed that stylar protein synthesis ig:Vitro

from polysomes extracted at various times after pollination was at first
higher after self- than after croas-pollination. Later, protein synthesis
was higher in styles from cross-pollinated flowera, and by the éime the
cross~pollen tubes had entered’tha ovary and self pollen tubes were degrad~
ing in the atyls, protein syntheais was higher in a;ylea of aelf-poliinated
flowers, In the above case, flowers were rgmoved immediately after
pollination and compared with unpollinated controla removed simultaneously,
Linskens and Typ# (1966) observed that the increase in stylar protfin

content 18 hours after self-pollination in Petunia hybrida corresponded to

v ————

cessation of pollan-tube growth (cross-pollen tubes reach‘the ovary after

36 hours).” Deurenberg (1976) working with Pstunia hybrida ovaries as

oppossd to styles, observed the greatest amount of proiain synthesis after
. / |
self-pollination as opposed to cross-pollination or porpollination (control

flowvers vere ungollinntnd, but wera picked andwexamined at intervals

coincident with the pollinated flowers) whog\tho flowers had just besn

]

pollinated. By the time pollen tubas ware nearer the ovary, the most
&

protein synthesis was obaerved in cross-pollinated flowers and the least
- %

in unpollinated controla. Lo .

-
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Linskens and Tupf (1966) noted that incompatible pollen tubes in this
species stopped growth after 18 hours. At this point protein s;ntheais
rncohﬁanqad. protein content increased, and respiration intensity was
raduced after incompatible pollinations; but protein content decreased
?nd respiration intensity showed continuous increase after compatible
pollinacions; Increased respiration demands may cause protein degradation

to amino acids that could provide accessory carbon sources. In Lotus

corniculn:ﬁs. differences between compﬁtible and incompatible pallinations

t
manifest in the ovary (Giles, 1949), as opposeéd to the style, Therefore,

1f a similar situation occurs we would expect to obaerve the reaction to
! ‘ - i
the incompatible pollen tubes in the Lotus corniculatus ovary after 24

hours as‘ia observed in Petunia hybrida atyles after 18.hours; increase

in protein content upon cessation of pollen-tube growth, due to reduced

!

respiration demands.

There exist other possible explanations for the large difference

“oblegvc& in protein content betwaen incompatible and compatible poilina-

tions. Proteins that may be the most important in enhancing or parmittiqp
compatible pollen=tubs growth may be synthesized at concentrations too
low to be mini!aptod as bands. To effact self-incompatibility, synthesis

of large quantities ;f ;rotninncooun material may be required to block ﬂ,
!u;chcr pollen=tube growth. Perhaps do&rud;tion of the incompatible pollen
tube i;tirial demands lynthllin of large qunntixico of digestive proteins.
An alternate explanation !o; the apparent rndﬁction of protein content in

the ovaries lttct‘croll;pollinaiion is that the ovaries have been traumar

\




. 36
¢ ~ ,,

tized by emasculation, such that although the ovules are healthy enough to

‘ produce seeds and the pollen tubes are unharmed by the process, the ovarian

issue and other parts of the florat are utilieing any surplus protein for

rnbarations and maintenance. Rrotein may also be lost through tisaue
lesions caused by emasculation.
The emasculation operation can cause great damageé to a floret. Only

clones P and PY produced floreta that were consiatently capable of sur-

- viving emasculation. Umbels of these clones were more fraequently subtended

. ’ "by lt\;rdier peduncles, buds were produﬁed a‘t a faster rate, and florets
on a li(n:‘lu umbel tfet'\dad to reach antheais m?re or leas synchronously as
compau‘d \t:'o those of other clones. Thus a large number of emasculated
floqetq Cgote available for cross-pollination, However, emasculation of
flqt;atl of clones P and PY for crosa-pollination and keel damage to permit

° self-pollination may have contributed to some differences cbserved between

the thres treatments.

. b) 'D:l!gorcncu in Banding Patterns. The banding patterna .

3 ‘pccwun clones and for different treatmenta within clones wers extremaly ‘
. ' divergent. Bxcept Tor a fav consistent features, bands chanqud greatly in d

colour intensity, position, and number. Van dex Donk (11976!:, 1978) compared
jelectrophoratograms containing stylar proteins ‘translated in vitro frod w

o ~  RNA extracted !'rom self- and crou-ponimtod flowers of Patunia hybrida

af -+ plucked ngt’cr qponinuion. and examined at intervals !c/vllowing pollination, \«

- o | J Comparison of self- and cross-pollinations at the dame intervalé ravealed ‘ - ?——\
; :‘ great differences in band numbii.'. position, and dyc‘ coné‘cntutfon. as was 3&‘
iig €8y noted ubov-‘ for Lotus W.‘ ‘Ho ‘conéludod that duhdrql'x: p;:ot:uin‘ ’
] ;}’ ‘ _activity accoupanied compatible and incompatible pollen-tube growth. :
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Some banding pattern disparities between self- and crosa-pollinated

- sanplea must be nttribu;ed,to :ho‘ﬂifforeneu in the Uackgrou;\d genotypa : }
of the types of pollen that were used.

In all cases examinad, gels containing protein from self-pollinations
revealed & gre;sot nunber of bands in the densitometer profiles than gels
containing protein from unpollinated ovarie; which demonstrated a greater
number of bands than gels containing protein from cross-pollinated ovar!.ea\.
This may indicate that self-pollinated ovariuﬁproduce a greater variety
of protein subunita, or perhaps an overall }:rotcin concantration reduction

, . is occurring in the crosa-pollinated samples, preventing detection of

certain bands. Important proteina, such as rasuiatory engymeg, may occur

{

.

in insufficient quantities for detection by theme methodsa.
;ﬂ‘“ﬁ The same subunits on different gela r:.m at the sane tine can have ‘ -
different R, factors under certain circumstances. Impuritiss in the
protein sample can affect migration rates, in spite of the presence of
§DS. Unstained sample gels in this study contained gresenish and yellowish
* ‘ i #“ bands that were possibly caused by pl.nnt pignents. These diupp‘uud_ after
( | | the gels were stained, According to Lewis et al. (1965). Re shifte may x,
occur dus to cofactors which ars released upop grinding the frash tissue.
When many similar barde appear close together, 1:: is often difficult to '
ascertain which correspond to %hc sane subunits on different gels vhen gwf

band shifting is not ruled out, ! . -
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.The binding paé"’tcms obtained do not permit a general conclusion
AN
concerning the possible molecular weight of proteins asaociated with the
' ‘ !
Differences observed between clones for

self~incompatibility reaction.

the same pollination treatment were large, corresponding to the large degree
As plants within clones

of difference observed between clones (Table 1).
were found to be morphologicallry/ sinilar, gels replicated for unpollinated
The differénces betweean gels of different

samples were very similar,
i

clones are too great, and the similarities between gels for different

clones subject to the same treatment are too few, to permit definite

auign\ntion of any band(s) to the self-incompatibility ructio/n’.
”smnutm that do occur between different clones f/o(/tha sane

treatment, and that tend not to be present for the o:}w/trggtments. nay

be axplained in saveral ways. These may ‘1ndic|t:o the presence of proteins
or protein subunits that are involved in the self-incompatibility reaction

i ! o
as substrates, catalysts, or products. They may be proteins that are not

>
functionally related to self-incompatibility, but that are genstically

linked to some locirinv‘olvgd in self-incompatibility (such as perhaps is
Some of thess bands may be for

temparature sensitivity, Townsend, 1971).
#
proteins that follow in the wake of the self-incompatibility reaction, as

has baen suggested for some peroxidase isoensymes (Bredemeijer and Blaas,

I

1975).
One should not expect to find one band representing one protein or

protein subunit solely responsible for controlling the self-incompatibility

. reaction in L. corniculatus, since several loci most likely contribute to

-

Q%? ~.
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the incompatibility system in this species. 1f/the genetic basis of the
incompatibility system was more fully undnucztod. it would be possible to

compare electrophoretograms of plant clones with the same incompatibility
N / . -

alleles but with different genetic backsraﬂ}{%g,}

The plants vere all grown under idcx;EI:‘ll rigorously controlled
conditions a0 d}iﬂeur:t banding patterns should not be attributable to
temperature, humidity, or soil condition differences. Howﬂ’lir, since the
clones are genetically di:ffcrnnt:. they may be differentially senaitive to

the snvironmental c\onditiom imposed, for exampls, an optimal temperature

" for flowering in one clone may be suboptimal for another, thus augmenting

1

the differences obsarved between clones.
1 consider that this study has indicated a biochemical difference’
betveen pistils subjected to cross-pollination and those subjected to salf-

\

pollination,

B. Mature Pod Analysis

To test whether the plant cloﬁu examined were possidly uu-(
incompatible, the number of seeds pu'~ pod and pod length were examined in
the mature pocjlo. To conmpare the behaviour of the pollen tube after self-
and cross-pollination, the distance of the most distal sesd (fron the style)
to the distal end of the pod, and the number of sseds in the proximal as )
compared to the distal half of the pod were examined in mature pods after

self- and cross~pollination.

+

!
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Giles (1949) found that cross-pollinated florets produced threa times

"'mor, seed than nlf-poilinatcd florets. Bubar (1958) found that while less

than 50% of the ovuiu produced seeds) after cron-pollinuiot;. only an
average of 6.7% of the ovules produ}cad seeds after self-pollination.
Bundcnburh (1961)' observed that significantly higher pod set resulted

from cross-pollination'as compared to self-pollination, but did not observe
diffarences as great between tha two types of pollination as was observed E
by the abovwo authors. My results agree with those of Brandenburg, in
that érou-p;ollimt.d florats produce _mignificantly more seeds than self-
pollinated floxets for all clones examined, but the median number of seads
produced per poél after cross—pollination was approximately double rather
than triple the median numbc\r of seeds produced par pod after self-

poliination (this is true if means are compared as well, but these are not

; -
reported here as the mean is a less appropriate statistic for a discrete

«diotribution) .

Although Bubar (1938) indicated that 50X pod set was an upper limit
for even the most favourable cross-poliination, the baest seed set observed
in the study prguncad here was 92,9% (39 seeds out of 42 ovu:tu;. resulting
frow a erola-pdilimtion). The greatest seed sat resulting from a self-
poilimtion vas 18 l;ldl out of 38 ovules (47.4%X). Wojciechowska (1963)
found 41.2% fertilization after croas—pollination, No pods observed ix the
aix clones examined in :hilwuudf contained more timi 60 ovules (over 700

pods were examined), and most contained approximately 40 ovules. Thus the
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median seed set after self-pollination would range from 7.3 to 20X, and for
a crou-pollhination from 17.3 to 50X, depending on the clone considered.
It nust be noted that the cultivar Mirabel has only been recently

developed. Cultivars used in previous studies may have had different seed

!
seta. l
L}

Giles (1949) observed ‘that‘ctou-poltlwinltud florets produced longer
poda than self-pollinated flordts. This was confirmed by Brandenburg in
1961, who indicated Ithlt the Av'lusc pod length A!t:n" cross-pollination
vwas 20 mm, and the average pod 1dnsth after self-pollination was 14 mm,

In this study, the average pod length after self-pollination ranged between
13.7+ 2.57 m and 22.0 + 7.05 mm, and after cross~pollination ranged

batween 19.4 + 4.14 mm and 28.1 + 5.94 mm, depending on the clone examined.

These values are somevhat greater than those of Brandenburg (1961) but a
difference between the two\typn of pollination is atill apparent.

The form of the Kolmogorov=-8mirinov test that was used, was for .
sample sizes greater than forty. This test was used for comparisons on
clona P aven though the self-pollinated sample contained only 24 valuas,
In drawing conclunioril from the results, one should remain aware of this
- - !,ct. :

. The large range in seed number and the great variances observed for
" . pod length suphasizes the need for 1|r3|‘l'mplo sises. It is obvious that
“ o the self-incompatibility mechanism is incomplete in this lpoqwiu p.4n that

Jd a considerable amount of self seed is pro}ducld.

~

@ ‘ :
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Plant clones varied as to the degree of their self-incompatibility.
Since sach clona was only cross-pollinated with ona plant of another clone,
potential variation in seed number and pod aize values for cross-pollina-
tions was reduced. One cannot assume that the plants acting as female
parents would produce the same seed yield after cross=-pollination if other
plant clones are used as pollen parants. |

Although emasculation took its toll of floret buds, some emasculated
buds in each clone did survive to anthesis, and produced pods whan cross-
pollinated, However, since ui!-pollinatad floreta were not emasculated,
the two treatments are not exactly equivalent. . 81nc: any damage dus to
emasculation would more likely reduce fitness than enhance it, it is
possible that c;.'ou-pollimud florets would produce even more seecds per
pod if not."‘lugjcct to emasculation. This would enhance the difference
batween self- and cross-pollination. "

Variation in number of sesds per pod and pod lcx{gth vas greatest
batween clones and batween pods taken from the same clone.

. Variation ﬁc{twun clones can be partially attributed to a genetical
di!tqrnncc between the clones. Many loci contribute to the control .of self-
incompatibility in L. corniculatus, and_a wide rangs of illolu can be
present at each of the loci. Thus several different sllalic combinations
are possible, and great variability in degrees of self- and cross~
incompatibility might be expacted to occur in a population. Factors such

as sesd yield and pod length cni alsc be influenced by background genotyps,
! /
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for exampls, plants that contributa more ensrgy to pod and sead development

) in general should have higher valun for sesd yleld and pod length for both
‘ types of pollinations than plants that contribute more energy to t’oliua
production.

! Differences in number of seeds per pod and pod length varied more

. within clones than the median valuea betwesn clonas. Bubar (1938) indicated

that in L. corniculatus, ovules within an ovary do not develop synchronously \
s0 that the ovar)\' as a whole is receptive to fartilization over a longer
pariod, For this reason, ons should not expect an cquai nunber of seeds
P ' per pod when the same type of pollination is performed on the same plant.
| Envizonmental factors are known to affect meed set. Ascher and
() . Peloquin (1966), working with Lilium loggiflg-tul Thunb. found that tlo:;al
ags influences pollan~tuba growth. The difference betwesn a self~- and a
cross=pollination was found to be greatest during the interval in which
pollination occurred in nature. Sirks (1927) noted that pollination success
dependad on the age of the pm:;l. the pollen, and the plant, A comwon
phmomqlon to students of self~incompatibility im end~season fertility,
where ;clz-pollimtionl produce seed sats comparable to cross-pollinationa
Ivhon the zlowurilna season is drawing to a close, | Where florvet production
| is artificially enhanced for long periods (as was true for this experiment),
’ there :l.c the posaibility that end-season fertility is occutring in opi.v.-u of
ﬁ o profuse i;p_v_orin;. The phynolosiul basis for this phenomenon is not yet

complately understood. Other factors that have been found to influence seed
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set in sone plants, l\rch as temperature, relative: humidity, and illumina-
\

| tion (Kendall, 1973), have been kept conatant throughout these experiments.

Howaver, dus to positional differences between floraets, microclimatic

differencea may have ' caused soms observed variation in the observed seed

sets and pod lengths.

Measurement of the gap between the most distal seed with respect to
the style and the distal end of the pod revealed a significant diffevence
batween pods resulting from cross- and sslf-pollinations. This difference

may indicate that the self-pollen tube tends not to travel as far into the

S

ovary as the __E'tou-pollon tube, or that since fewer seeds are present in ,‘
pods resulting from self~pollination, ths distance betwesn aseeds ate, on
average, greater, in spite of the evidence that pods resulting frzs self~

O pollinations tend to be shorter than pods resulting from cross-pollinationa.

To distinguish batween these two poiuibilitiu. the number of aseeds in -

the distal and proximal halves ‘o! poda was compared for pods resulting from
self- and cross-pollinationa. No significant differsnce between seed content
of the two pod halves vas revealed. This suggests that the difference in A
the distance fron the most distal seed from the distal end of the pod,

, ‘;glz

betwaen self- and croas-pollinations, is 1]ndicativo of an overall reduced |

5 seed set rather than a shorter ultimatse pollen-tube length after an "f?ig ]
. incompatible pollination. It is equally likely that incompatible pollen

. L};?; i~ . ’ ,e;-?‘
:;*‘ ' 1tv.m« grov as far into the ovary as compatible tubes, but fail to fartilise N f

ovules as efficiently. . ‘
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C. Suggestions for Purther Research
This study initiated biochemical research on lolf-incombatibility

in Lotus corniculatus. It is recommended that in further utudi;l wore
plants per clone be used, This would permit a sufficient amount of floret
buds to reach anthesis after emﬁlculntion. allowing compdrison of 'fﬂ'““'
lated florets for all creacwentu,/;athdr than Just for cross~pollinated
sapples. Use of more clonss would porﬁit more exact characterization of
the proteins involved in the lclé-incompatibility or cross~-compatibility
:cactionl.’ A iariocy of pollen gpfontl should be used with each clone,
to distinguish banding pattern differences attributable to the incompadti-
bility reaction from thouoégy; simply to the disparate background genotypes
of the self~ vs. croas-poi&an. ,

Protein synthesis (as opposed to protein contfnt). RNA synthesis, and
specific entyme activities should be assayed in an attempt to account for

the increase in protein content and number of bands in electrophoratic

analyses after self-pollination, and the diminution after cross-pollination.

Once mpecific bands have besn designed as corressponding to the melf~

incompatibility or cross-compatibility gclctionl. onollhould determine if
these protein subunits are in reality glycoprotein subunite, as glyco-
proteins have also baen postulated to ba involved .in the recognition of
Yoalfh, A? immunclogical (in terms of lectin biochemistry) or histochemical
approach to this probliu wvould réveal more about the relationship betwaen

A
the biochenical differences and the morphological differences. Becauss

2

4
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a biochenical difference betwean ovaries from self- and cross-pollinated

N florats has been demonstrated to ocour as early as 24 to 26 hours after

pollination in ‘thi./ study, continuing research in this area would appear

fruitful,
Before foracasting too freely into the future, one must be aware that
: lack of sufficient information about the lnlf;incompatibility mechanism in
! L. corniculatus presents a major handicap to the rn,nrchor. The pnﬁuc-
tion of various clones iwit:l.x the same or completsly different incomputii:ilicy
} alleles cannot be assured. Howaver, a biochemical approach to the problem

- of self-incompatibility may provide insight into the genetic basis of
self~incompatibility in L. corniculatus. o I

o
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" VI. SUMMARY ) .

{

Lotus corniculatus L., an increasingly imporﬁant forage legume, v
produces less seed after sslf-pollination than after cross-pollination.
Some workers cc&’\sider that both self-sterility and self-incompatibility
contribute to the reduced seed set upon self-pollination. Im L.
coruiculatus manfr gene \loci control the self-incompatibility reaction,
vhich is assumed to be gametophytic. However, no conclusive results have
established the number of loci or the number of alleles per locus
involved. Morphological studies have dotei-mined th{a: by about 24 hours
after pollinngion under optimal conditions, most pollen tubes have reached
the ovary where the self-incompatibility responss is fthought to occur.

Biochemical experiments with other plants exhibiting the gametophytic

node of ulf-igcompl;ibility (especially Lilium lohgiflorum Thunb, and

Petunia hybrida L.) suggest that proteins play a !undu(montnl role in the
control of the melf-incompatibility reaction. Changes in protein syntheais
mAy sven anticipats the arrival ;! the pollen tubes,yfor example, fw\ariu
nt’nl: :i"’npond to pollination before the pollen tubes have even penetrated
the ntyl’.c. |
The. bilochemical nature of the self=incompatibility responss in L.

corniculatus has not baen investigated to date. Bince proteins are thought
to play a fundamental role in the ult-in&ompatibiliw reasction in other
planta, it was attempted in eh}l thesie to bogi:; biochemical remesarch into
self~incompatibility in L. corniculatus by ,compltlng‘tﬁo protein subunit
ln].a\t:l:m:phor'ui.n banding patterns batwean unpollinated, self-pollinated and

crons=pollinated ovaries.
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i Lotus corniculatus ovaries were collected i;t anthesis (unpollinated
samples), or 24 to 26 hours after self- or crosi-pollimtion of the florets.
All croll-polliﬂ;tod florets vere emasculated prior éo anthesis. Under
optimal conditions, most pollen tubes will have reached the ovary 24 hou;'a

after pollination, but will not have affected fertilization, Thus any

protein subunit dif!urenceznbetwun the two pollinated samples of ovaries .
may be attributable \to the self-incompatibility (or cross-compatibility) \
reaction rather than to poat-fertilization effects. Since 100 unpollinated
ovariu//at anthesis vere found to contain 40 to 60 ug of protein, 230
o\gariul were used per sample, .

Pi\onphau buffer=-soluble ovary protein extracts wvere :rntag with
\

2-mercaptoethanol, and analyzed using 8DS~polyacrylamide gel electrophoreasis,

to distribute protein subunits along the gel according to molecular weight, ‘?

Molecular weight lcandn\'dl were run coinc”idox(\t wit;h the sample gels.

) Gels from the "self-pollinated sample" contained a higher protein
concentration and a larger number of bands th\un. the other sample groups.
Cals from the "cross-pollinated sample” contained the lowest protein it
concentration and the fewest number of banda, This vas consistent over all
clon,'l. examined, Different treatments producad different banding pattarns.
In replicates of some u;nplu ‘containing px:otqin from unpollinated florets,
the band positions did not change appreciably, but the resulting concentra=

tions differsd, It wab deened premature to assign particular bands to the

13

7 =23

self-incompatibility reaction,
[] ., » ‘ lu

|
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‘bility, as demonstrated by reduced sesd set and mature pod length. These

results agree with reports in the literature on otlher _y.‘carnicﬁlatul

69

| ‘ ] .
The plant clonaes used for this study exhibited partial self-incompati~

cultivars (Giles, 1949; Bubar, 1958; Brandenburg, 1961). From results
of seed.position studies in the maturs pod, it was proposed that no seed

location is more or less favoured during fertilization after either self-
o« N .

recommended. - ;

¢ .

or cross~pollination, thus biochcmical'amlyli; of th; antire, ovary is . /
Suséutionn were pr’oﬁou;:l for further rcunurch' m\ this area.
Enasculation of all florets used would permit dilcinauiah\ina whether the
profound changes obseryed after. crollfgollimtion are in p‘att aatributabh
to emasculation, A more complete understanding off the genetic basia for
icl!-incompqtibility would parmit mora clur-c;ist results, as one could
compars plants with'thm lmi_.complomnt of incompatibiiity allelas in .

different background gmor.y}n ' ' . .

‘Q h
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