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ABSTRACT 

: ,: ' , '" <0\" 
" ~-. " '. 

',; : 1)' \\~ 
, -t ~. 

The influence of 8elf-pol~ination, cross-pollinatipn, and absence 

of pollination on ovary protein subunit banding patter~s using SD$-
\ 

po~yacrylamide gel electrophoresia was ~am1ned in clone~ of~ 
, , 

corniculatus L. cultivar 'Mirabel', Baoding patterns. from eelf-pollinated 
\ 

'·flôrets revealed the higheat overall protein content and the greatest 
'\ 

numbar of bands of tbe three treablents. wbeaeas cross-pollinated florets . , 

revealed the lOW6st overall protein content and the least numbér of bands. 
/ . 

Baoding pattarns'differed b~tween trea~ent8'within clones, and within 

trea~ts.betwaen clones. All clone~ axamined produced more seed per 

~ ~~ 'longer pods after cross-pollination than after self-pollination, 
- "\" 

1ndicating tbat self-illcompatibllity dicl occur in tbese clones. Ovule 

pOsition did DOt appear to affect the probabllity of fert~izati~n of an 
1 1 

owle. Furtner reauroh ia needed on the genetics of self-incolllpatibUity 
'~ 

in th1a .peçi •• , to pe~it establishment of clone. witb well-defined 
. 

~ complements of incoapatibflity allalea. 
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Nous avons 'tudi' chez divers c19nes de 'Lotus corniculatus 

L. cultivar Mirabel l'alfât produit par ,des autofécondations, 

~ , des crois )' ts et par l'absence de ~ollinisation sur les 
, , 

diagr~es '6lectrophor6tiques de prot'ineè d'ovaire obtenus au .. ... . \ 

moyen de la technique dQ'lectr~phor~se en'gel de polyacrylamide. 

;, 

,. , ~ 

La plus forte concentratiop de prot6ineJ totales ainsi que le plus 

grand nombre de~bandes furent relevés chea les fleurs autofécond'es, 

tandis que l'on not~it l~ plus faible concentration de protéine: 
, • \, r \ 

)' 

" 

totales et le moins de bandes chel ~es fleu~s ayant subi un croisement. 
t ' 

1 Les éleetrophor6grammes ont di~f'r' entre les traitemen~s appli~u's 
, (5' 

l un lise clone. ainse que pour' le même trait_ent adm~n1str' .-

aux divers clones. Toua les clones 'tudi's ont. produit' plus de, 

, sra1nes par soussè ,et"des goUsses plus lonsues apr~s un cro.i.sement, 
~ I~ 

.ettan~ ainai en 'vïdenc~,le Phénom~ne d'aut~incompatibilit' 
t" ' '. , 

existant che~ ce8'pl~ts. La 'probabilité' qu'un o~le soit fécond' 

n'a pas aèllbU .~re_,r~lUe l la position occup~e à.l ',Interieur 

1 de l'ovaire', D'autres études, sur les mécanislles s6n'tiques $ouvern,ant 
o 

le phénom~e d'autoincompatibilit' chel~. corniculatus L. sont 
, ..... 

nlce'88ite, a~1n de produire/des clones possedant des syst~es 
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CLAlM TO ORIGINAL l,ŒSEARCH 
\) 
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This thesis represents the original work'of the author and ta her < 

contribution to an understanding of self-incompatlbl11ty in ~ 
1 r.., 

co~niculat~s ~~. '~lt" Differences in prote~n con~entratlon and SDS 
\ 

. \ pOlyacrylamide electrophoretic banding patterns ~ere demonstrated between 
~ , ! 

unpollinated, self-pollinated, and cr9ss-poll1nated avaries (collected . 
"' 24 hour~ after'pollination) for the firet time in thls genus and family. 

An electrophoresls technique for the analysis of ovary pro teins for 

plants ~th very smali ovaries, con~ain1Dg low protein concentrations, 
'1 • 

l' \ 
• was developed. Id aaditioD, an origl~al te~hnique was used to 

ci~cumstantially de termine the ability pf the pollen tube to penetrate 

o to the end of the ovary.: 
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,1. INTRODUCTION 

,Lotus cornlculatus L. (b~~:f;t trefoil) ~ a pereunial legume ~and a 

naturàl tetraplold (2~. 24), 0!1g1nated in the 'Meditêrranean re8ion 

. (Hertsch, 1959) and advanced over most of western Europe (lnc1uding the 

Br1ti'sh Isles) and ea8tward to Asia Minor (Gilee, 1949). Wlthin thls 
' .. f 

century it MS become a major forage crop in temperate regions of the 

world. j 
, Birdafoot trefoil ia an tmportant species to inveatilate aa it is 

1 

increasing in usage ln soutbustern Canada. and northeastern United States • 

(Seaney, 1973). lt withstands extremes of flooding and drought ~th le8s 

1088 than other'forage legumes and caà thrlve in this cool, humid climate. 
li> 

The forage produced la very di8~stlble, even after the plants go ta seed. 

The leaves are high in protein but do not caU8~ bloat in cattle or sheep, 
\ 

and *e low in the estrogene that cause breeding problems (Langille anet 

Bubar, 1978). Milk from cows fed trefoi! hay contains lIIQre carotane, 

vl~amin A, and tocopherol, and exhlbit better keepins qual1t1es than IIiU: 

from cows rece1ving .Ladino clover and tillotb:y hays (Loosl1 !! al.. 1950). 
. \ 

~ corniculatu8 ie an outcrossing apeclee and plant,breeders BiU-
erally agree that it producea lees seed when self-pollinated than when 

\ 

cfoaa-pollinated. Althougb the morpholo8ica~'~d ,énetical aspects of \ 
~ • ' "_' '1' "'\" .. ,'.t .. :, , 

tUa reduction in seed set, have been studied in., great deptb, no work ha. 
1 ~ v " ~ 

been done on the biochemical baïia of tbls' phe~on.,. SOIIIe:workers fed . ..." -." .~~ .-, . 
,\ ~. 'r 

tut both .J.( .. st:eril1ty and self-incompatibil1ty contdbute to the r,duced 
,.~ , 'l'... _ \ 

~7 .r,. 
seed set upoJjl-nlf-pollination. A study of the biOohll1lbtry of t:he self

''>;~, 

incoapatibility reactian would be of considerablé intef~8t a8 it 111&1' reveal 
il , 

'. 

, 
J' 

! 
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) 

the presence of a b1.ochem1cal barrier to fertil1zationtiatld 80 provide a 

firat atep t~werds IlOre detalled experimentation ahed' at chem1cally by- ~ 

pasaing the in<:oapatibility react1.on. 

The ability to -control the _self-incompatt~llity reaction 1a advanta-

geoua ta the plant geneticist and the plant breeder. A depressed seed set \ 

due to self-incompatibil1ty may serioualy alter gene frequendes in a popu-'\ 

j 

lati.on. sueh that aaalys1a of traita United. or biochem1cally related, to ;/. 

o 

" 

self-1ncompatibility may be grossly impaired. This 1a eepeclaUy relevant 

whe.n one 1& trying to determine if a trait is tetrasomically or d1somically 

inher1t~. Even characters that are not 11nked or somehow related b1ochem-

lcally to self-1ncompatibUlty 1 will. have altered gene frequencies at the 

popu1ation level due to the high ovule mortality tbat results from self-

1ncompatibility. If self-incompat1.bil1ty la no longer present, greater 

genedc variablllty may be revealed. homozygosity of certain loci may fin-

ally be accomplished. and persistent un~es1.rable traits 1I8y be IIlOre easlly 
1 

" selected againat. A suney of the I!rotein diUereuces between aeH
f 

poll1nated and cross-pollinatecl ovaries llay provide à-ba8~ fro~ which to 

:uneover the mechan!_ that .. y sou day be erplo!ted to control the aelf-

lnca.patibillty ~§8ction • ..... , 
Since bath tetrasOllie aad diaoaic inheritanee ,for differént ébarac- . 

\ t~. bava been rePQrtecl for ~ corniculatus (Bubar, 19S8l. tetrasom!c 

,"1lfheritance of self-incOllpatibi1ity bal not been ruled out~ Conaequently. 

~ 
tlie maber of loci controlling the incompatib:l.lity reacUon 1s &s yet un-

detWllined. It 11 conaiderecl1 that an invesUaation into tbe protein dif-

fereuces betweeu ov.ri .. of aelf"'pollinated and cro8a-pollinated florets 

.. y p~id. an ine1aht into the 1IIDIber of gene loci involved. 
~ 

\ 

, 
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j" 

~ cornlculatus la an interesting species to choose as a subject 

research 1n 1ncompatibllity" due to the unusUà~ apparent location of 
t" . 

self-incompatib1lity reaction. In Dlost plants with this type of ln-

compatibilit~ <gametophytic) the first evidence of incoDlpatibllity 1s in 
~ -:..~ ~ .. 

the style, wh~~~'à .1}l birdsfoot trefoil, the fint morphologieal ~ndica-

3 

tion of lncompatib1l1ty appeau at the level of the ovary. Lotus 

corniculatus is a f .. vorable plant to study as lt is a perennial, :1a eas11y 
1 

propagated vegetatively, ànd can flover profusely for extended perioda given 

proper condit~ons. This pendts an exhaustive study on '8 single genotype. 

Since the species ia entomophilous, cross-pollination ls easily prevented 

when plants ar~ maintained in be~-proof enclosures. 

The object of this study ia to compare prote1n subunit banding pat

terns in self-pollinated and cross-po111nated ovaries usiug sodium dodecyl 
\ 

sulfate '(SDS) polyaerylamide gel eleetrophoresis. If consistent. differenees 

between self-pollinated and ero,s-pollinated ovaries of several plants are 
i 

found. this 1181 sUUest that the,e prote1n subunits are implicated in, 

related to, or geneUeally linked vith the aelf-ineompatibility reaction. 

To insure that the aelf-incompatibility reaction ia occurring in the \ 

plants exuinecl, the seecl yield and Iength of th" mature poels will be 
. 

analyaed. To gain insiaht into the differenee bettteen compatible and io
\ \ 

c~t1ble pollen-tube lenatha. seed position v1~l be ~ined. 

1: 
l,' 
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II. J,.lTERATURE REVIEW 
, 

• A. Termino1ogy 

According to Brewbaker (1954). self-incompatibility ie 

abi1ity of a plant producing functional male and female gametes 

upon self-pollination". Because lelf-incompatible plants carry factors for 

incompatibility. Buch plants may alao be involved in Cl'oss-incompàUbilities. 

For this reason, many researchers prefer simply to use' the term "incompati-

_ bUity". 

rhe word "self-incompatibility" was prop~sed by Stout in 1917. but 

"self-stedlity", the term suggested by Darwin in 187~, was still being 

used by GHes in 1949. "Self-sterility" is now restr:!cted to those forms 

of aterility which result from chromosomal abnormalities, the production of \ 

non-functional gametes, or post-fertilizatiôn failure (Williams, 1964). 

Hogenboom (1975) suggeated the term "1ncongru1ty", as opposed to 1n-
- \ 

eompatibility, to describe interspe~ifie or intervarieta1 hybridization 

failure. He defined incongruity as "noftfunctioning of a relationship 1:'e-

8ulting from a lack of genetie ~nformat1on in one partner about some \ 

relevant charac ter of the other Il • 
, . . 

:, 
Self-1ncompatibility ia not restricted to higher planta and haa been 

recogniaed in the Ascomyctes (fungi) sinee 1934 (Drayton in Sclerotinia , 

sladioli and Âmes in Pleurage anaerinei for a r~iew of self-incompatibiiity 

-in fungi, see Lewis, 1954): ln addition, hermaphroditic animaIs have been 

d~~bed al Self-incompatible, which includ, ~ intel~1na118 {Caa~l., 

, '1 
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l896), and Stye!a partita (Plough, 1933). In fung! the incompatible inter-

àction occurs between two haploid t1s~ues, whereas in animaIs it oecurs, 

between haploid and diploid tissues: 

B. Geneties 

Incompatibility in flowering plants has been abserved for' over two 

centuries. It wes firet reported in 1764 by Kolreuter working on Verbase' 

phoenic:eum (East and Park, 1917). There have bean several reviews on the 

geneties of ineompatibi11ty in Angiosperms (Da~nJ 1876; East and Pask, 
, l ' , 
1917; Stout, 1938; Bateman, 1952; Arasu, 1968) of which the one by de • 

" , : 

Nettancourt (1977) has been the most'recent. Since the various incompati-

bility systems have been described in detall in these and other reviews, 

~nly a general summary ~ill be prese~ted hele. 
/ 

Incompatibility systems are divided into "heteromorphic" and "homo-. 
IIlOrphic" on the basis of floral morphology. In the heter01llOrphic system, 

,incOlll'pat1bil1ty is correlated with differences ~n s,tamen and pistil height. 

Flovers are of two or three typee, depending on the species. In S'pecies 

vith two types, flowers with long stamens and short- pistils will only 
il 

accept pollen from plants (Qf the sue species) vith short st81ll8nS and long 

piaUla. A single incompatibility locus, !/!., controls the ,inhibition 
: 

1 ! 

reaction. In the homomorphic syat_. there are no morpha10j&ical d:1fferell~e8 

to fore tell ~he potential ralult of a cross. 

In 1937. Sura distinguished th~ee classes of homomorphie incompatible 

planta, baaed on the region in the pistil in which poll~n-tube growth 

c...... ln Clasa 1. pollen genainatian :I.s lnhibited on the ati81ll8. Theae 

" , ' 

.. 

" , 
\ 
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plants uftd- to exhibit "sporophytit~' self-incompaUbl1Üy. in whith case \ 

substances produced by the male parent (carrled by the pollen) rèact with 

l the female tissue to block fertllizatlon. The genettes of this system was 

first described in guayu1e by Gerstel (1950) and in Crepis foetida by 

Hughes and Babcock (1950). 

In Class II, pollen germination is normal, but pollen-tube growth is 

inhibited in the style. These plants typically exhibit "gametophytic" 

self-incompatibility, in whieh case the male gametophyte (the pollen tube) 

~eacta in some wl:! with the fema1e tissue to prevant ultÙllte gamette fusion. 1 

The genetie basis of the gametophytie system of incompatibility was 

determined by PreU in 1921 (Arasu. 1968). but it was overlooked in the 

literature for many years. East and Mange1sdorf (1925). working with 

Nlcotiana hybride, and Lehman (1927) and Filzer (1927). worklng with 
1 

\Veronica, independently arrived at the "same conclusion about the mode of 
1 

inheritanee of this incompatibility system sa dld Prell. 
" 

In Class III, the self-incompatibl1ity reaction 18 man,ifested at s01l1e 

. poltlt after the pollen tube has entered the ovary. Narciesus (Franke1 

and Galun. 1977). th.obroma ca~ao, (Cope. 1958) t ~ arcticus L. (Tammisola 
\ 

and ayyn4nen. 1970). and 12S!!! corniculatus (GUes. 1949) fall into thia 

cla... Thls 18 a rather hetttogeneou8 8TO~p both in terms of the precise 

point at which the incompatibiUty reaction occurs and in terms of the 

geuetics involved.. Whereu in Theobroma ~ the pollen tube has alreacly 

, ~ ~ 

lib_J'ated it. contenta iato the ovule befon compatible and incompatible 
< ' 

pollen tube. are diatinauiahed (Cope, 19~2), thia ia not the case in ~ 
JI 

• '\~'''' ':: .. L ltl 2afri1t""""~'t;.~~~'~------
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cornlculatus (Giles. 19~9). ln Theobroma cacao the &enetica~ control of .... -
_ the reaction is sporopjlytic, whe;e ~ s in ~ cornicula tus and Rubus ,-,'~ , 

arcticus control is apparently gametophytic. Thu8, in the ovary 1 the in-

compatibility reaction may be either between the male ga'metophyte and the 
, 

female sporophyte (the ovary) or between the male gametophyte ~nd the_ 
~ . 

., 
female g81lletophyte (in the ovule). This latter type has been reviewed 

, " by T8lIIIIisola and Ryynanen (1970) ~ 
\ 

Moat of the early wo,rlt deait with incompatibility systems that Were 

apparently contrôlled by a single gene 10.Çus, often designated as tI.§.." 

Later, Owen (1942) dlscovered that the Incompatibll1ty system of Beta 

vulsaris was controlled by severa! gene loci. Since then, siliiilar com

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

(1975) for a review). . ~"'fJ 

C. ,BiocheÏnistry \-

Pollination 1s an, e~ent that caus.s major changes in thé metabol1sm 

of the flower, the moatprofound occurring in the pistil (Linskens, 1974). 

As a consequence of compatible polli~tiOn, reeJ1ratian is st1mu1ated, 

arowth holllOnes increase rapidly, starch and free 'susars alter, the amount 

Incl coaposition of proteina chanae (Shiv.nna!! .!!,'~ 1974; Mascarenhas. 

1915, 1088en.1967; Tupy .!!.!!., 1974; Aschar ,Dei Drew10w, 1970) and 

lnayœe activity la affected (paton. 1921; Haacarenhas. 1975; Stanley and 

Linaken., 1974). 
, 

lncoçatible po1~lnatian cln iulti.te strlkingly d1fferent develap-
.' 

manU. Th. followina Ja a 8U1111111ll" frolll varioul gametophytlcally incolllpat-

ible .paci •• and dou not apply Ipecif1~al1y to Any one specias. 
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Duri,ng progression of the pollen tube through the style, the pollen-

tube nuelei i~ ,an incompatible poll~at1on may behave abnorma1ly '(L~ens, 

1974\ van den Ende, 1976). As well, carbohydrate metabolism may be 

'd1stu~bed, resulting ~~ a pro1iferat1o~ of callose p1uge and a hi8her( 

density of fibri1s in the pollen tube walls (Currier, 1957; Linskens, 

1964; de Nettancourt, 1973; D1ckenson .and LaWSOQ. 1975; van den Ende, 

1976) • 

Se1f-incompatibility is a1so characterized by different' activ~es of 

soma, enzyme systems (Linskens. 1964; Pandey, 1967; Bredemeijer and
o
B1aas. 

1975). Pandey (1973) observed that se1f- and cross-po11inated Li1ium and 

Nicotiana plants differ in their heat sensitivity of esterase isoenzymes 

in the style. However, this need not 1mp1y that esterase ia involved in 

the se1f-1ncompatibil1ty system, ,since temperature sensit1v1ty of pollen-

tube growth 18 knàwn, at ~east in Trifolium hybridum L. , to be genetically 

1inked to the self-incompatibi1ity system (Townsend. 1970, 1971). This 

may exp1ain the relationship observed betveen self-incompatibility, 

temperature) - sena1tivity, and esterase isoenzymes. Pistil amino acid 

patterns differ accotdlng to whether the plant has been self- or c:ross

pollinated (Linskens and Tupt, 1966; Pipkin and Larson. 1973). Self-

po1linated plants in 80me species have been demonstrated to reapond dif-

ferently to RNA syothesi. inhibitors (Ascher, 1971; Linakens, 1975). 

Quantitative and' qualitative differeuces in prote1n and glycoprotein 
, " 

" 

Iynthesb have been demonstrated between the two types of maUngs (van den. 

,Ind •• 1976; S~rfatti .!!. al., 1974; Ascher and 'prevlow, 1970; Deul'8nbera, 
1 
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1976; van der Donk, 1974a,b, 1975). Van der Donk (1974a, 1975), using 
1 

sodium dodecy~ sulfate (SDS) gel electrophoresis, found great differences 

in the protein banding patterns of self- vs. cros,-po1Iinated styles of 

Petunia hybrida L. 

the biochemical timing of the self-incompatibility reaction may 

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

and Deurenberg (1976), working with Petunia hybrida, found that pre-
1 

9 

activation of RNA and protein sYnthesis in the ovary occurs following self-. ~. 

-
pollination. even though the "selfH-pollen tubes in this plant will never 

reaeh the ovary. In Abelmoschus esculentus. po1lination inducea dissolu-

tion of the nucellar cells at the micropylar end of the ovule, forming a 

passage for pollen-tubeentry even when the pollen tubes are in the 

styl~r region (Chandra and Bhatnagar'J, 1~~5). This may provide some insight 

on how and when the pollen tube "communicates" with the ov~ry and/or 

~lea. 

1 

Exper:l.m.ents using immunologieal techniques suggest that the self-

Incompatibility reaction i8 88sociated with specific proteins. Lewis 
./ 

(1952), working vith Oenothera oraanenais, produced antisera ta pratein 

from macerated pollen with different incom~atibllity genotypes. Using 

the precipitation technique, an~igens were found that were,specifie to ~the 

different pollen genotypes. This was confirmed in an experiment he carried 

out vith Burrage and Walls (1967) ueiug leachates from intact pollen guins. 
, 

Linskens (1960, cHad in HKkinen and Lewis, 19~2), wo,rUng wi~h Petunia 
1 

hybrida extended the isluno1o"ical technique to include stylar proteina, 
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and sbowed that th~ self-incompatibility reaction between pollen tube and 
o 

style ia correlated with specifie froteins. Using radioactlye tracers and . 
paper e1ectrophoresls, Linskens (1958, cited' in MXklnen and Lewis, 1962) 

show~d that a ~Plex was formed bèhreèn -pollen a~d stylar proteins in 
;!<. j 

Petunia after t e ncampatibility reaction had oecurred . 

• -Staining tests and heat denaturation on po1len\extracts and on 

exudates into ~gar indieated that the antigenic substance is a protein, 

but coulèl include a polysaccharIde component (Ml:k1nen and Lewis, 1962). 

Lectins, or phytohaemagglutinins, ~ave been proposed as ,a class of 

substances that may·enab1e recognition of 'self' and 'non-self' in plants. 
l' . • 

Lectins are soluble globular proteins and glyeoproteins that can bind 
1 

specifie carbohydrates with high affinity (Knox, 1976; Clarke!! al. 1 

1975). They have been impllcated 4S a 'glulng' substance in cell wall 

exten8~on (Kauss and Glaser, 1974), possibly binding different carbohy-

drates more or less reversib1y (Kauss and Bowles, 1976). Jermyn (1975) 

aU8sests on th~ 
, 

basis of precipitation reactions, due most1y ta 
, 

lectins, between plant tissue extracts, that a wide range of specifie , \' 

interactiQns between macromolecu1es of plant origtn' are possible; and 

that for plant apeciaa there ia at 1esst a rudimentaty recognition of the 

dfiferencea between substances that are "self" and "non-self". Burnet 

(1971) has pointed out in relation to the human immune system that 
" 

p~s81ble defence,mechanism& have evolved as secondary elaborations in a 

basic system evolved for self-recognition. 
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In 1913, Compton proposed tbat substances are formed in the pistil 

~ 
which st1mulat~ or retard the growth of the pollen tube. He drew an 

ana10gy between self-steri1ity and the growth of fungus hyphae into the 

host tiB'su~, and compared the mechanism Af self-sterility with that of. 
! 

immunity against a pathogen. Later, lectins were found.to be ~~volved 

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

11 

Rhizobium (turrier and Strobel, 1977). The possible 1nvolvement of lectins 

in the recognition reaction in pollen-tube growth 1s suggestive of . 

Compton's or1gina1 comparison in 1913. 

D. Self-Incompatibility in ~ corn1culatus 

lt 1s generally agreed that ~ corniculatus L. produces less 

seed when se1f-pollinated than when cross-pol1inated. This feature 1s 

common to other perennials within·the genus, but has not b~en observed 

in, the annuals examined which seem ,to be ~elt-pollinators \ for the most 

part (Zandstra and Gr_nt, 1968). Self-incompati~ility can serve as an 

effective outcrossing mechanism for a plant species that is likely to 

1 produce offspring many times, and can afford to depend upon bees for 

pollination. Stebbins (1958) indicated that long-1ived species tend! to 

be more allogamous than short-lived ones. Oka and Morishima (1967) t work-
, 

lna w~th Oryza saUva, where strains exhibit a per{!nnia1-annual continuum, 

found that perennial forms outcrossed to a\greater extentthan a~nual 

forma. In fourspecies of Meli10tus in wh1ch both annua1 and biennial 

foras were present, the annual forms were found to have higher self
flaD 

fertility than their biennial conspecific8 (Sano, 1977). 
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Many researcherà have compared sead seC in -~ corniculatus 

between self- and cross-pol1inated plants. As far back as 1876, Darwin 

observed that insects were crucial ta seed production in this species. 

In 1931, Silow noted that Lotus cornicu1atus was practically "self':' 
• - -- > .' 

f 

steril~'~ but that occasionally plants set a few seeds after self-po1lina-

tion. Three out of 22 plants were slight.1y self-fertile voluntarily (8.7 
o 

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

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

~ Then in 1946 MacDonald claimed 100% floret self-fertility when single 

\' 
\ 

::::p.!ants were 1sola ted with bee pollinators. GUes, in 1949. repeated this 

~periment but was unsuccessful, thus refuting' the virtue of bee poltina-

tion ov~ the human imitation, and thereby cone1udeQ. that Ma~Donald had 

ert;ed. Pos8ibly~ he argued, progeny of the parenta~ plant had lnadvertant-

ly been allowed,,~o germinate and ultimately contribute linon-self" pollen; 
. "'-" 

or perh~~he bees had not been rendered suff1cient~y "pollen-free" 

between trials. 
\ 

GUes' (1949) result8"'--~reed wit~ those of Tome and Johnso)l (19A5), 

who fou~d that 'ln '78% of the plllilts. ~ruits wet'e produced frOll only 0 to 

SI of ~he florets self-pollinated. rJ contnst. 40 to 69.99% of the .. 
-~--I\" \ 

florets when cross-pollinat~d produce~~Qës (Giles, 1949). Also, pods 

" resulting from cross-pollinations contailièJt st least three times more Beed 
-1"':::-; 

and were longer than pods from self-pollinat1o~. GUes was doubtful .... that 
\1"1' 

any fruit produc8d had occurred without manlpulaUon. He observed that 
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fertile ovules were more frequent in the basal half of the ovary (the region 

farthest from the style) following cross-pollination than ;ollowing self

pollination. Brandenburg (1961), like Ci1es, found that outcrosses pro-

duced 81gnific~nt1y h1gher pod set, more'seeds per pod, and longer pods. 

He also noted that outcrossers had significantly more plump seed and 

matured faster. However, he did not find as) great a difference in seed set 

between pods from self- and cross-pollinated florets 8S' did Giles. He 

confirm~d that the avèrage length of ppds resulting from cross pollination 

was 20 ml1ltmeters while the averagé 1ength of pods resulting from se1f-

pollinatlon was\14 mill1meters. Ciles (1949) notéd that p09t-f~rtillzation. 
\ 

, \ ~ 1 
abortion further l reduced the amount of seed from a self-pollination, but _ 

did not mention post~fértilization abortion in connection with fbdà result

lng from cross-pollinatlons. 

" In 1963, Wojciechowska reported ~1.2% fertllization in ovari~s from 

cross-poll1nated florets, (in 1958, Bubar reported 50% or less) as opposed 

~o ft.7%: after self-pollination. Post-ferti1ization abortion was reported 

ta be slightly greater after se1f-polllnation. This author conc1uded that 

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

(1949), Wojciechowska maint4ined tHat there was probably no relation between 

fertilitl and the location of 'the fertile-ovules. 

In a hybridization study involvlng 360 plants, Seany' (1964) reported 
, \ 

that on1y 7% of the plants produ~ed more than an average of 0.5 seeda per' 
" - ' 

J • 

self-po11inated flower, whereas 45% ~f the plants produced no aeeds. 
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" In 1977, 8chaaf reported that average dUferences in cross-fertiUty 

amans 13 planta ranged ,from 1.5 to 9.8 seeds per flower po11inated, àlthough 
", \ . 

17,out
u
of 156 crosses produced greater than 13 seeds per flower pollinated 

and 14 crosses were sterile. No relationships were apparent between a 

plants performance a~ a female and as a male. There was cQnsiderab1e vari-

ation in the Buccess of an Individuai plant as a male or a famale, depend-

ing upon the plant with which it was cross-pollinated: 
Lè 

lt would appear that researehers will most likely continue to obtain 

w1dely variable results when comparins self-pollination with cross-pollina-

tion in ~ corniculatus. The literature suggests wide variation in 

number of seeda per pod betweenCpl~ntB in a population. This variation 

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

and allows for the discrepancies between different taxono~tc collections 

and local cultivars of Lotus corniculatu8. 

2. Genetics 

The genetic basis of self-ineompatibi1ity in ~ corniculatus 
o 

has bèen exp10red in great depth (Bu~ar, 1957; Brandenburg, 1959: Miri, 

1964) but has not yet been determined with certainty (Seaney and Hensen, 

1970). '0 Sinçe' ~ corn1cplatus 18 cons1dered a segmental allopo1yplo1d 

(Stebbins, 1950), the genetic bas!. for the incompatibility reaction may be 
1 

mor,e complù than for diploid spec!... Typlcally, diploid species teond to 

r'duce,fh~~ .e1f-incompatibility vhen their chromo.ome complemen~ i8 
< ' Il' 
doub1ed (~.wis, 1943; Br.wb.ker, 1954). Thi. has evidently not been tbe 

~ Q 

, ' 
ca •• vith ~ corniculatua, Loci irem aeveral or,i&i~l parents ~y haV'e 
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combined in this species to contribute to the' resulting i~ompatibility 
system. It' is proposed that this spedes exhibits gametophytic incompati

bility, and that several loci are involved in the control of the inCàmP,,

ibility reaction. Sinçe some seed are produced from aelf-pollinationa~he 

incompatibility reaction is designated "incOGlplete" (Wojc1echowska, 'l9~)'. 
\ 

3. Morphology 

Giles (1949) first observed that a differenee in the rate of 

pollen-tube growth after self- vs. cross~pollination oeeurred only at the 

level of the ovary. Spiss (1969) and Sp~ss and Paoli~lo (1969) cQnfirmed 
\ 1 :; 

~ile8' observation that no difference in the pollen-tube growth rate oeeur

rad at the level of the stigma or style. Brewbaker and Majumder (1961) 

stated that inhibition occurs in the ovary after completion of pollan-tub~ 

~tos1s. According to Giles, pollen tuBes teach the OvarYjwithin 24 hour~ 

after.pollination under field conditions. By 36 hourà-~e reach the 
, - Il 

:l m1cropyle (Hansen, 1953). Wojeiechowaka (1963) reported pollen tubes with-

in the ovary 24 to 48 hours after pollination. 

Various factors combine ta contrib~te tq a lower aead set,after self

pollination. According to Bubar (1958). outerossing ~ speciea sta er 

the readines8 of ovules to be fertllizad. to prolong the total lengt 

the~period of anthe~is and iner .. se the probability of being visited 

rarely ~ore than SOI aead aet vill r.sult from even the DOst f vour 
. p 

cro8.-po11ination •• s.umina a sinsle po1lination eveftt (Bubar, 1958). In 
.. 1 

contrast, self-pollinatlna conaanarics exhibit -synchronou. ovule deve1opm,nt' 

v1thln a elnale ovary (Bubar. 1958). -" 
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, Bubar (1959) eon.idered self-i~~omp.t1billty and self-sterllity as two 
1 

dl.tluct explanations for the reduced Sied set. Self-lncompatib~llty is 
\ ~ 

. exprassed by a slower ratè of growth of seU-pollen tubes within the ovary, 

a. obaervad by Giles (1949). The rupture of the 8ti~tic membrane, which 
1 

la a prerequisite for pollen penetration iuto the style, 18 typically per-

formed by a bee. ~herefore, ln all probability, cross-pollen (from the bee) 

will be ineluded in eàch natural pollination. ~ince cross-pollen bas an 

advantag. over self-pollen at the 1evel of the ovary, cross-fertilization 

18 favourad (Bubar, 195?). Self-aterlllty 1s expressed by post-fertiliza

tian aborti~ •. Glles o (1949) does not conslder thls a major cause of lower

ed seed set after self-pollination -iu Lotus corniculatus, although Bubar 
~ ----~ ~ 

(1959) does. In genetleal etudies, self-incompatibllity effects may 

88s1ly be coufounded vith self-sterility • 

4. Biochemistry 

Bxper~fDta on the biochemical baais of lncoap.tlbility have 

been'attempted in veriou8 splole. but,pone to date on ~ cornicul.tus •. 
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, . 
',' 

\ 



'-'""--~,.... .. ~ .. ~--- -

l, 
, 

....1.-""'.,,'.. ......... __ . _._ .. _____ "1 ___ ._41_ ••••• __ .... ____ • _It_' .... n; ___ ..:...-_L--~ __ ~, \t 

o 

r 

17 

1.11. HATERlAL AND MBTBODS 

A. Plant Material 

Lotus corniculatu8 L. (cultivar Mirabel) plants used were grown 

in December 1976 from seed from a single 1976 accession (A. E. Lods Research 
\ 

Station, Macdonald College), and were maintained under control1ed environ-
1 

mental conditions prior to the experiments. Plants were grown in,a mixture 

of soil, peatmo8s, vèrmiculite, perlite, and sand (5:3:2:1:1) and were 

fertili~ed regularly. Cuttings were propagated when the plants were five 

menths old. Data fram cuttings and parental plants were pooled. 

ln October 1977 six randemly selected clones (desisnated P, PY, OB, 
1 

PB, 0 and Y) were placed in ebntrolled environment chambers with a constant 

temperature of 20 ± 1°C, an 18:6 hour day:night light>cycle, and a relative 

huaidity of 75 ± 5%, to optimize fl~wering conditions. Four of the clones 

(P, PY, PB and OB), consisting of four plants each, were used for electro~ 

phoretic studies from May to.July 1978. Mature pods ware collected from 

all six clones ftom October 1977 to ~uguat 1978. 

Large morphologieal differences diatinguished the six clones (Table 

1), such that the or1a!n of the plant was obvlous. Alter complete f10ret 

r_oval. plants of the sae done woulcl begin to produce floteta one or 

two d~yilapart from eacb other, but possibly weeks belore or after plants 
" 

of other clon •• had beaun to fl~wer. 

B. Plant Treatlàent 

r~oret. used for ,electrophoresl. were'plucked It antbeei. (the 

"er,ect .taadard" .tase; GUu. 1949). when pre8uubly tb~ wOuld' be .ost 

attractive to be. pol11nator.. Â4ch.r and Pe10quln (1966) found that the 
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~ noret> produet1.on 

P bi&h 

ft h1&h 

OB 10w 

0 .oderate . 
r ------ y lDv 

PB alderate 
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Horpho1og1.ea1 characteristics d1.stinguishingthe c~ 6 

P1ant heigbt LeU colour Habit ~1 tiv ,co1our' 

short, yel1ow-gr~ asceuding ye11ow. 

. interllediate clark green asceud1ng ye110w 

taU -green allllost: 'erect yel10w 

sbçtrt:' yel1ow-green .saIi.-prostrate brown 

t:al.1 ,green alaost" erect brown 

intea:.ecliate yel1ow-green asceDding ye110w 
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aelf-lncompatlbility reaction was strongest at this time in Lillum ~

florum Thunb. Care waa taken to exclude floreta that were beglnnlng to 

show 118n8 of 8eneacence. auch aa wilting or the onaet of floral abaciaaion. 

Flovera plucked were either unpolllnated. or had been aelf-polllnated. or 

cross-pollinated. 24 to 26 hours prior to removal.' According to Gilea 
\ ' 

(1,949). pollen tubes reach the ov ry 24 houra after poUination under 

optimum (field) conditions. ,Some ollinated floreta were not removed until 
J 

maturity. when parametera describ d below were analyzed. 

Floreta vere self-pollinat by slltting the carina (keel) with a 
1 

aterilized diaaecting needle (dippe ethanol and tlamed) ta expose 
" 

the stigma. rupturing the atigmatic membrane by rubbing the stigma with 

fina-aratned sandpaper (a nlw piece was used for aach clone). and fresh 

pollen from the aame plant plaçed on the atigma using a sterililed dia

sècting needle. Treated umbels were labelled with white Time Tape 

(Profealional Tape, Inc.). 
Il 

Floreta were emaaculated prior to crosa-pollination. A sterililed 

dilsecUq needle wàs used ta sUt the carina 1 of a flont at the "pointed 

bud" ataga (Giles. 1949). Just prior to anther deh1acence. A 145 mm 

palteur pipette fÀstened to a vacuum pump wa. uaed to ramove t~e anther •• 

The umbel VII lapelled vith. red Time Tape after tr.atment. Emaaculation 

et .. rlier .ta,ls causld more damage to the bud. thui reducing the proba-
. \ . 

bility of the floret aurvivina to anthe,is. Soma plant clone. with,tood , 

, .... culation much better than others. Larae flover aize and aturdier atems 

incr .... d the probability of a clone reacting favourably to em&sculat1on. 
1 
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Only two of the .ix initial clone. 8urvived emaaculation ta a degree ~hat 

permitted electrophoretic analys!s of cros8-pollination~ Coinciderttally" 

both th.sl clones had been crosa-pollinated with the same plant of a third 

clone. Within two to three days after emasculation. the flowera that had 

survived to reach antheaia,were croaa-pollinated, auch that an entire clone 

would only be cross-pollinated with one plant o~ the clone acting aa the 

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

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

with oranae Time T1pe rather tban with white. 

Clonea P and PY were croaa-pollinated with cuttina No. 1 of clone OB, 

clonea OB and PB with the ~arental plant of clone P, clone Y with cutting 

No. 1 of clone 0, and clone 0 with cutting No. ,lof clone Y. Sufficient 

numbera of floreta survlved em8sculation in clones OB, PB, 0, and Y ta 

permit some cross-pollination for analysis of the mature pod. 
h, 

C. Eleetrophoretlc Studies 

1. Chemieala and Apparatu. 

~ 1 Chemlcal. uaed ~n this atudy and the Ilourcei from which they~ 

\ 

. '\ 

were obtatnad ara aa followsl sodium aside (NaN), TRAM (Tria (hydroxy-
1 

.etbyl) aminomethabe). sodium dod~cyl aulfate (sodium lauryl aulfate, SDS), 
~ 

alycina, and bro~ph~nol blue vere obtainad fram Fisher Scientific Company; 

~2P04 and 2-aercaptoethanol were obtatnad from J. T. Baker Chemieal 

Company; Na2HP04 was obtainad from Merek and Company Limitad; N,Nl,N',N'

tatramethyllthylanedi-.ine (TBMBD) and N.Nt-methylenabisaerylamide (bis) 

1 f~oarCanal lnduatrial Corporation; acrylamide and the Bio-Rad Protein Aas.y 
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kit trom Bio-Rad Laboratorfes; glyeerol from Matheson, Coleman and Bell 

Manufaeturtng Chemists; Coom&ssie Brilliant Blue R from Siama Chemieal 

Company; and the Electrophoresis Calibration Kits for high and low molecular 
. :11 1 .\ 

weight protein subunit determination from Pharmac1a Fine Chemica1s. Otber 

ehemieala vere obtalnid trom the most convenient commercial sources. AlI 

solutions vere prepat.red using double (glasB)-distilled water and were " 

ftltered with Whatman N 3 (9 cm) filter paper. 

Plant tissue wa macerated in a 7 ml Ten Broeck type Pyrex macerator; 

and centr1fuged in Eppendorf micro-test tubes (polypropylene) in an 

Eppendorf centrifu8e Model 5412. both manufactured by Br1nkmann Instruments. 

Supernatant was concentrated in a Minicon Macrosolu~e Concentrator (815) , 

manufactured by Amicon Corporation. The electrophoresis unit u~ed waB 

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

McGill University; and was powered by a Beckmann Duostat, Madel/RD. A 

Unieem SP 1800 ultraviolet speetropbotometer with a Untcam AR 25 Linear 

Recorder waa used ta 8C\p the gels and record band p08iti~n8 and relative 

dya concentrations. 
1 

2. ov.~ We1ght and Protein Content 

Unpollinated Lotua cornieulatu8 ovadès were removed when the 

Uor.t.o vera .~ anthesta (the "erect standard" stage, - G:Ll~a. 1949). and 

the fre.h va1Sht. dry we1lht~ and prote1n content dettrmined. OVarie. ware 

ov.n-dried at lOO'C ta determine dry weight. Samples of 50 ovariea ware 

veilhed on a M.ttler balance. 

The Bio-Rad protein datermination assay was ueed to determine proteln 

conc~n·tl'lt1on. a8 plant ph.nolics wart mon to int,rfere vith the more 

.eqa:l.tive Lowry .. ,ay (Lowr,y !l.!!., 1951). For tbe auay, fr.ah ovariee 

" 1 

.1 '11 
\ 

. " 

l~t\!~,: 
~ t'~ 



. \ 

t:.., ....... .. '1 ____ ~_ .. _, __ ·,----·-.. ··-·~---17---...r---.--~ --, .. -.. --.-- " 

,1 

! 

o 

1 

(§,) 

4\ 
22 

were macerated in 0.1 M prechilied phosphate buffer (0.1 M Na2HP04, 0.005 

M KH2P04, 0.01% NaN3; pH 8.0). :n a prechilled hand homoseniler. The 

homosenate was prepared as ~or electrophoresis below to a final 

volumtî of 0.1 ml. 

3; 1 Sample preparation 

Rach sample consisted of 250 ovariès macerated in prechilled 

phosphate buffer (aee above) ln a prechilled hand homosenizer. The homog-

enate was evenly distributed into 1.5 ml miero test tubes and centrifused 

-at 12,800 X'G for five minutes. The supernatant was th en removed and spun 
'1 

for Uve minutes at 12,800 X G., The final supernatant was concentrated to 

50 ~l in an Amicon Minicon macrosolute eoncent~ator that ramoves molecules 
\ 

below a molecular we1ght of approximately 15,000. 

TO eaeh of the eoncentrated samples was added 10 ~l of the following 

solution (modlfied fram Laemmli, 1970): 60% (v/v) glyeerol, 6% (v/v) 2-
) 

mercaptoethanol, 6% (v/v) sodi~ dodecyl sulfate (SDS), and 0.045% (w/v) 

bromophenol blue, di.solved in the phosphate maceratins buffer. This 

yielded the followin8 concentrationa in the final solution after addition 

of the protein .ample: 
t0 

10l 81ycerol, 1% 2-mercaptoethanol, 1% SDS, and 

0.0075% bromophenol bluet Tbe modification permitted addition of a smaller , 

volume of the above solution to the prote in sample tban would be poadble 

accordins to Laemmli (1970), but maintaineq the recommended concentrationa 
, " 

of slyeerol, 2-mercaptoethan01, and SDS. The phosphate buffer vaa used 

inltead of the tecommended buffet (0.5 K Tria-Cl, pH 6.8; Laemmli, 1970) 

becauae addition of auch a small volume of pH 6.8 buffet to the almple 
. / 
1 \ 

would Dot bave changed the final pH appr6c1ably fram the sample pH of 8.0. 
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23 ,/ 

4. Blectfophoresis 

Silieoniled glass tubes used for electrophoresis were 125 mm 

long vith an inner diameter of 5 mm. The gels and electrode buffer were 

prepared according to Laemmli (1970), with a 90 mm separatins gel and a 

250 ~l stacking gel.' A 7.5% separating gel was used instead of the 9% 

separating gel deacribed by Laemœ1i (1970). Electrophoresis was performed 

for 3 hours and 20 minutes at a constant current of 2 milliamperes per gel. 
1 

The bromophenol blue marker was permitted to travel 8 + 0.5 cm through the 
, J 

separatins gel. 

Simultaneous with the samples, two standard gels were run, each con-
- 1 

taining a mixture of pro teins for molecu~ weight determination. Stan-
1 1 

dard prot.ln subunit mixtures were dis801ved in phosphate macerating buffer 

Cdescribed abave) inatead of the recommended buffer. 01
,01 ml of the 

standard protein subunit solution (high or low molecular weight) were used 

for each standard gel. 

Alter completion of electrophoresia, each gel was stabbed with a 

syringe needle coated vith India lnt to indicate the position of the 

bromopheno1 blue marker, and ~a atainld tn a 801ution of 0.11 Coomas~~e 

Blue 1. 25% 2~propanol. and 101 acetic aèid (Field •• !S!!" 1977) for 
. 

18 hours st 37·C. Gels vere then deatained for two daya in a solution ~f 

101 2-propanol and lOI-scetic acid. The destaining solution waa changed 

frequently. Gela were stored iD 7.SI acetie acid and photographed. They 

vere analYled oh a dena1tometer at .590 IUII. 
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D. Matu~e Pod Analysis 

Pocl Iéna,. seed number per p~d', lengtb ftom tbe fartheat saed 

from tbe style to the distal end of the pod (~ith respect to the style), 

ând number of seed in the distal vs. the proximal half of the pod were 

tabulated for mature pods (pods and sepals brown o~ straw-coloured). 
J, \ 

p~ le~th and pQsition of the farthest seed were analyzed fpr clones P 

aD~ py usina the Student's t-test (Steel and Torrie. 1960) and the 

Kolmolorov-Smirinov test (Sielel. 1956). Mean and standard deviatton 

Wlrl coaputed for aIl clones examined. Seed number for clones P, and Pl 
1\ 

were analyled usina the Kolmogorov-Smirinov test, and for all clones the 
, " \ '" 

aedian and values one quinti1e above and below th. median were computed. 

Maximum SIed set WBB noted, as vell aB total number of owles per pod. 
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l, IV. RESULTS 

A. El,ectrophoretic Studies 
\ 

1. Ptelim::lnary Aubais 
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a) OYat y Weisbt. The fresb we1gbt of 50 unpo111nated avaries 

at antbesis was determined -to be 0.10 ± 0.01 g (mean and stan'dard deviation 

for 10 s~plesj and the dry weight for the same number of unpoll1nated 

avaries at anthesis was 0.025 ± 0.001 g (5 s~p1es>. 

p) Protein Content. Using the Rio-Rad protein assay, 100 

unpo111nated ovaries plucked at anthesis were found to contain 40 to 60 ~g 
. ,. , 

of buffer-solubl~ protein (three replicates). Since Maize1 (1971) recom-

mended using 100 ~g of pro~e1n per gel for samples whose electrophoretic 
1 

banding pattern 1s unknown, 250 ovaries were used per gel ~n order to I~t~ain 
, , , 

an approximate protein content of 100 to 150 ~g per gel. For consistency • 

the same number of ovaries 'were used per gel for the se1f-poll1nated and 
, 

cross-pollinated ovary samples. Re~u~t8 from electrophoresis would thus 

1ndicaterelative protein concentrations between unpollinated, se1f-poI11n
~ 

ated, and cro8s-pollinated ovary samples. 
\ 

c) Standard Curve for Prot.in Subunit Hol.cular W.ight 

DeterminatloDs. To esttmate prot.in 8ubunit molecular weight, protein 

aubunita of known'molecu1ar weigbt were run concurrent wItb the/gela 

containins the sampll" A plot of relative Mobility (Rf> againet log 

qQlecular weisht was then constructed (Fig. 1) fram which to derive 

" approxIma te mol.cula~ weight. of the protein 8ubunits in the sample for 

vb1ch oDly the Rf values were known. The poiDts obtained usina the 
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7igure 1. Standard curve of migration distance va. lOI 

molecular weilht for molecular weight deter-
,4 

mutions. 
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a~andard protein 'ubunita were found to approxima te a line (Fig. 1) in the 
~ 

region where lIIoat of., the ·protein subunlt bands appeBred in the sample gels, 
~ 

ao this technique vas conaideredlapplicable for molecular'welght deter-
a. ' 

mination of protein subunits in the samples. 

Two mixtures of protein standards were uaedi one mixture' for the 

determination of molecular welght of protein subunits with relatively 
" , 

, 
molecular weights and the other mixture for the determinacion of molecular 

o 0 • 

we~8hts of protein subunits with'relatively low lIIolecular weights. The 

high lIIo1ecular weight protein aubunit calibration kit contained the 
\ 

following: thyroglobin .(molecular weight (M.W.) • 33.000), ferrit!n 

(M.W. • 1~,500; M:W. of che half unit which appeared as well • 220~ 
albumin (M.W. '. 6.1,000), catalase (M.W. - 60,000), and lactate dehy~en

aae (~.lrl. - 3.6,000). 'The low molecular weight determinat;.ion kit contained 

the followins: phosphorylase Q (M.W. • 94,000), album in (M.W. - 67,000), 

ovalbumin (M.w. • 43,000), carbonic anhydrase (M.W. - 30,000), t~YP8in 

lnhibitor (M.W. • 20,000). and a-lactalbumin (M.W. • 14.400), Denaitom-

'ter tr4cinsa for the two types o~ standard gela are indicated in 11aa. 

2 and 3. App~ently the aer aya,tem used could accommodat. pro tain sub

I unit" of 1DOlecular wdahtl .x~ending from' 14,400 to over 330,000. 
t 

'/ 

2. Bl.ctrophor •• l1 

( 1 ..... S .. p1 ••. of uapoll:lnattd ovartel at .ath,li. wlrl analY'ld 

a1.ctropbor,t1é.1ly fr~ four pXant clon •• (~, py. PB ,and OB). ~r1 •• 

, tram •• lf-pollia.tld dorau war. lnaly •• ct fr01D clon.. p. PY and PB. 
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Denaitometer tractas and eorreapondina .el for 

low molecular we1ght protein aubunit standard. 
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PiauTe 3. Denaitometer traclns and corresponclins sel for 

hiah lIIo1ecu1ar we1sht protein ~übunit staMard. 
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OYarie. from crbss-pollinated florets ware anlY'obtainad in quantitl.s 

sufficient for analysis from clonea P .nd PY. Pollen for cross-pollin.-

tion weI obtained from cutting No. 1 of plant olone- OB, and was not 

examined el.ctro~oretically. 

a) ~e-P. Figure 4 compares densitometar tracl}l8s obtained 

after electrophoresis of buffer-soluble protein aubunita of ovaries of un-

pollinated, self-pollinatad, and oro8a~pollinated flortts of plant clone , 

P. A photollraph of th~ Ilel obtained 18 included with each tracins and th. 
i<) 

1 

cOfF"ponaence between 'the denaitometer peaks and the obaervable bands 1s 

indicIted. Note that although the graphs are drawn to th, slme acale 
1 

with reepect to Rf (the a~8c.iBaa) 1 the concen,tration axes (the ordinate) 

very sllShtly between all three tracins,. 

The ov~rall protein cO~lnt (or posslbly, stalnability) of the croaa-

pollinated sample ia lower than that of aither the unpollinated or s~lf-
'\ 

pollin.tld semples. The ,elf-pollinatld sample has th, greate.t protein 

content. Thl unpollinated and self-pollinated .ample. havI racher .imilar 

b.nd~na patterna, but an additional major ptak (Rf • 0.30) i. ,vldent~in 

the IIlf-pollinated .ample. Althou8h banda appell: in all c .... at the ael 
1 

fronte, et Rf .. 0.50 to 0 • .5.5, and at th. atl oriain (Qc.pt for thl cro .... 

pollinated .ampl.). radical4ift.rlnel. arl Ivident. Many band pOlition 

and band number differIDc •• txiat bttveln th. thr •• tr.atatnta, and 
'- 1 l " 

relative and .olute CODelntratiana of the 'Iaml blnd •• rt 'diU.rapt. 
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Ulure 4. Denlitollleter tracios, and corre.pond1ns St1. for' 

,--~--don. P. 

at Ova"'y I&mple from unpo1l1nattd floretl • 
\ 

b. ()yary .Imple from .aU)..poll1nated flontl. 
1 

c. ()yary IlIIIp1e frOID croll-poll1nltad flor.ta. 
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. 
b) Cloue PY. Figure 5 comparea densitometel: tradngs and tbe 

corr.8po~d1ng gel. of unpol11nated, self-pollinated, and cross-pollinated 
'> . 

lovar)': samplé. for clone PY. Asa:ln~ the ol:dinates of the three tl:acinss 

differ slightly. A. in clone P, tbe aelf-pollinated sample contains more 

protein than the unpollinâted sample, which contains more prote1n than the 

cro8s-pollinated one. Altbough tbe number of peaka appearsto differ little 

1 
between results obtained for unpollinated and self-poll1nated ovaries, tbe 

1 

relative concentrations have shifted dramatically 8uch that in tbe ,el 

ftom aelf-pollinated ovaries, there are more than the four dominant peaks 

observed in the sel from the unpolUnated ovaries. Repl1cates of the un" 

pollinated ovary sample (not shown) contained pands in the same positions 

but which varied in protein subunit concentration. The dominant position 

of the central peaka of the self-pollinated and unpollinated samples ia . ' 

not observed here. Different peaks are dominant in the thne samples, 

althoush a central re8ion of high protein concentration ia consistent in 

the three .amples, This i. alao true for the plant clone discussed above. 

c) Clone PB. Fisure 6 compare. denlitometer tracinSI and the 
l, 

corre.pondins ,ele of unpoll1natld and aelf-pollinated ovaT)' samples of 
',1 

pllnt clone P8. Alain, tb ••• lf-pollinated ovary .ample hal a larler total 
1 

lIIIOunt of proUin than th. unpolllnated aample, and thia pTotein la 

diltributed mon Ivanly over prote'1n lubunlta of v.ry~na tIIolecular weighta 
, II \ 

ln the .. lf-po~l1nated .uple a. cap'l'Id to tbe unpoll1nate<t laraple. A. 

with clone PY, replie,t •• of thl unpollinated ovary .ample (not .hown) 

contalnld band. :l.n th, lame pOlitionl but whicb var11d in protl1n lubunit 

1 
Cloncentrat:t.on, 
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'Usure S. Denaitometer tracinas an4 cOl't:espond1og ae1s for 
\ '1 

clona PY. 

a. avary sample from unpollinated florat •• 

b. OYary' .ample tram self-pollinated flor.ta. 

c. avary .ample fram cro •• -pol11nated floreta. 
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Piaure 6. Denaitometer tracinga and correapondina gela 

for clone PB. 

a. OYary .ample from unpollip&ted ,floreta. 
(.\. 

":'~., " 

.' tl. 
b. OYary ~ample from selt-po~linated f1or.ta • 
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~ 
d) Clon. OB. The den.itomater tracins and corresponding gel 

of the unpollina~.d ~vary sampie of clone OB are' given in ~igUre 7. This .. 
L, .... 

reBul': \1S lIuch different from the electrophoret:l.c reaults obtained trom 
<> 

unpOll1rate~ ovariea in the three plant clones mentioned ... a~ove. in that 

there 1~ no dominant region of very high protein concentration. The ~ 

protein content here ia apparently leaa than that of gels from aelf-

pollinated ovaries from other clones. and greater than that of gels from 

cross-pollinated ovaries from other clones. 

In all gels examined. intenaely-stained bands were visible at ~he 
\ 

\ extreme ends (axcept at the origin of the cross-pollinated sample of clone 
\ 

P), indicating that the protein subunits examined extended across the full 
" 

molecular weight range of the gel system. Gels contained from 20 to 32 

band. visible to the naked eye. 

, 
~ Mature Pod Analysis 

Mature pode were COlleCtiedifrOm aix clone. (P, Pl, PB, OB, 0 and Y). 

The number of aleds per "Pod: pod lansth, and relative p08itiO~ of the aeed 

farth •• t trom the style wete compàred between poda r8aulting trom aelf .. 
a 

L pollinat1onl and poda resulting from cro.a-pollinatione. Alao compared 

w'tt number of .eedl in proximal and d1atal pod halves) and percent aead 
, _ _. a 

~ 

germination. 

,1. Nulb.r of Se,d, per P~d 

\ 

One cannot ... ume tttat the number of 'aeada per ,pod corrasponds 
~. 

to & normal diitUbution" al the valu .. woul~ b. c!lIcretely rather chan 

contin~ou.ly di.tributad. Therefore, th. Kolmo8o!oV-Smirino~ 6ne-ta1led-
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teat for unequal, large a~pl.s (S1eael, 1956) was app11ed to compare the 

diatribution of nuaber of aeeds per pod in pods reaulting from aelf- and 

cro~a-pollinationa in clones P and PY, wher~ the sample allea were large 

for bath types of pol11nationa. In both 1nstances, number of seeda per 
1 

pod na found' to be IignifieanUy different at the 0.0001 level between 

poda re.ultina from self-polllnat1ons and pods resulting from cross-pollin-

atio~ .... 

the madian and the values lyina 20% above and belpw the median are 

lndicated for seed number compariaona in a11 aix clones (table 2). Alao 
, 

" noted are ~he rana~ of the number of a •• ds per pod and the number of samples 

uald. In .. ch clone examined. th.re appeara ta be great differences in the 
1 t 

values between poda re.ultina from allf- and cro8s-pol11nations. In none 

of the clon •• do th. 201 limita abo~ and below the mldian overlap. The 

.edians for the •• lf-pollinated sampII. are almoat half, or more than half, 

thos. for the croal-pollinatld onea.- The maXimum number of sieds ia laraer 
III 

ln the croa.-polUn.tld ... pl. than in the •• lf-pollinated sample fn a11 
1 

clone. exaalned. Note, hOWlver. that tbere exista considerable variation 

in t~. distribution of nuab.r of •• eda per pod b.twe.n th. aix plant clon.a. 

The lar •• st sald aet resultina·from a crosa-pollination waa 39 ,.Id. 
out of 42 ovule., and tha laraa.t •• ad .et ra.ult1na tram a~aelf-polllnatlon , .. 

\ 

va. 18 aeed' out of 38 ovules. No pods examlned coatainad more thaa 60 ~ 
'/ 

ovu.l,a (ovar 700 ,od. _ra exU1necl), and molt contained approximately 

40 owlu. 
,/ , 

, 

, 

1" 
t, ' 

1 

" l " 

l 
1 

, " ',. 

'.' JI ~~ ~ \.' 
, ' 

" ,~ 



Ir 

\ 
" \ 

h-' 

, f 

Table 2. Comparilon. of number of le.d. p.r pod after cro •• ~ and 8.1f-
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2. Poct Llnlth. 

The 8tudent'. t-ta.t (St.e1 and Torrie, 1960) wa. u.ed to com

par. the 1.nlthe of podl from eelf- and crole~pollinat10nl. For both clone, 

P and P1, the difference w.s lianificant at the 0.0001 level. Thil wal 

true whether variance. w.re a.eumed to be equal or un.qual. The '-test 

wae perfbrmed on the same materisl. For clone p. th. variancea between the 

two sample. were found to be .ignificant1y differant at the 0.03 level, and 

for clone PY the variance. between th. tvo .ample. vere found to diffar 

,ianificlntly It the O.OO~ llvel. 
, 

/ The Kolmoaorov-Smirinov te.t wa. applied to anl1Y.1 pod 1enath. To 

eonvert the data to corre.pond~ 1 di.crlte di.tributio~, thl ranse of 

pod l,ngth. wae divid.d into 5 mm increment.. For bath c10nl' P and PY, 

the difference in pod 11ngth between pod. re.~ltina from ee~f- and cro •• -

pollination. va •• i,nifieant at the ~.OOOl ~tre~. 

Table 3 contain. the m.an pod 1enath and corre.pondina .tandard devia

tion for pod. r •• ultina trom .e1f- and cro •• -pol1ination. trom each ot the 

iix clon... The number of ppd. in each .ample il indic.te~~ __ ~it~~u.~ 
1 

thlrl i. a vide varia~ion bltveen the clone., & 10nler Ivera,e pod llnath 
/ 
i. ob.erved for pod. rl.u1tina from cro ••• pollination •• 

3. aelative Politien of thl,Sled, rarth!lt trOll Jthe Sty11 

Gi1e. (1949) .ula •• tld that onl cau •• for a rlducI4 ••• d yt,1d 
1 

for .,lf-pollinatld ovarie ... y be that thl pol lin tube. trom •• lf-pollin 
,- ,1 ' 

tend DOt to reacb the end of the ovary, wher .. e pollen tube. trom ero •• -

\ 

" i 

't ,1-



( ,\ 

o 
, , 

l ,\ 

, \ 

( ':," " , . 

'-

Tabl. ~., Compari.ona of pod lenltha aft.r cro •• - and •• lf-po11inltion 

in ,11 aix clonea. M.,n, Itandard d.viat1on, and lampll ,1 •• 

ar. indic.tld. MeaD and standard deviation are in mm. 

1 

Self-pollination Croaa-pollination 

Standard Sample Standard Sample 
Clona K,an dlv1aUon Ihl M.an d.vi.t1on ab. 

l 18.12 3.1 24 25.9 4.63 ~o 

PY 17.4 3.53 9~ 22.7 4.87 " 
OB 17.3 4.06 (45 20.0 6.35 7 

0 22'.0 7.0.5 109 27 • .5 7.03 11 

PB 19.1 2.8S 11 28.1 .5.94 \ 8 

Y 13.7 2.57 ' 14 19.4 4.14 8 
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pollen reach the di.tal .nd in much are.cer numb.r •• If thi. were a cau •• 

lor r.ducld •• ed •• t ~fter illf-pollination, one would 'Xplct that th •• eed 

mo.t distal from the style would be farther trom th. di.tal Ind of the 

pod after .elf-pollin.tion than aftlr cro'l-pollination. Thil diltancI, 1 

.xpr •••• d al a p.rcent of the total pod length, wa. compared between pods 
\ 

r •• ulting from •• lf- and crols-pollin,aUonl. 

" Tbe Student l,. t-teat wu u~ed to compare the relative position of th, 

mo.t di.t.l I.ed in poda from Illf- and crol.-pollinationa. Alauming equal 
Il 

varianc •• , the,difflrenee wa. lound to be lignifieant at th. 0.0001 level 

for elonl P and at the 0.006 level for elonl PY. AI.um1ng u~,qual vari-

, anc •• , the dillerence wei lound ta be .ianifielnt It the 0.001 level for 

clone P Ind at the 0.0018 ltve! for clone PY. 'The ' .. telt WI. performld on 
o 

the .ame .. t.rill to te.t the null hypothe.i. that the vltiance. of the two 

.ampl •• for .Ich clonl wer. Iquil. For clonl P, th. null hypothl.i. wa. 

rejected at thl 0.01 llVel, and for clone PY thl null hypathe.l. wa. 

r.jlctld at th. 0.0001 level. Thui in both clone~, th. vltianCI' of the / 

•• 1t-pollinaCId and cro •• -pollinat.d 'Impl •• v.re .l.nlflclntly diff.rent. 

.' 

ln Tabl. 4 th. mlln and .taudard deviation of the r~v. po.ition ~ 
of th. mo.t dl.tal "Id, .xprl •• ed 1. 1 perc.nt, ar. lndicated for th •• lx 

1 

clonia, Sampl."'i.e i. tndiclt~. Ixc~t for clone. oa Ind Y, lt IpP'lrl 
1 

that mort .pac. remain. It th, di.tll',nd ot th. pod al tir .elt-pollinltion 

than .lter croll,~pollln.tlon. Thi. i. mo.t obviou. in clone. P Ind PY 

wh.t. thl d1.tal ••• d location valui' for pod. re.ultina trom •• lf

polllnation are almo.t double tho •• rl.ultina,.tt.r croll-poll1nltion. 
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Tabl. 4. Compari.on. of th. di.tanc. of t~. mo.t di.tal I •• d, to th, 

Clont 

'P 

PY 

01 

o 

fB 

y 

1 

\ 
diatal end of the pod (rllative to th •• tyll). expr ••• ed al a 

1 ., 

percent of~the total lenstb'of the pod •• lt.r crOa'- and •• lf-

pollination in all .ix clona.. M.an, .tandard deviation, and 

.. mpll .i.1 aro indicated. IKeaauremlotl in mm. 

S.lf-polliaation 

St.~dard Sample 
Klan dev1at!on '.111 

22.8 15.5 24 

12.6 13.6 88 

19.6 16.3 44 

12.1 12.6 108 

12.0 11.4 10 

17." 17.1 14 

Cro •• -pollination 

Standard Sampl. 
Mean devi.tion -.il' 

10.2 10.0 46 

6.88 7.71 

23.3 11.0 7 

10.6 10.0 10 

8.71 13.0 8 

18.6 13.7 6 

1 4 

, 1 
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• -> 

Althoulb th. di.tal •• ad-location valu •• follow a continuou. di.tribu~ 

tion, tbl Kolmoaorov·Smlr1nov ta.t wa. appliad to clona. P and PY, by 
\ 

,roupinl Plrc.nt •. (.uch tbat cla •• one contatnld valu •• from 0 to 4.991. 
1 

cla •• two conta1ned valu •• from 5 to 9.991, ete.). No .tanifieant differ

enc. wa. tound bttwa.n .elf-polltnat.d and cro •• -pollinatad .ampll' in 

tlther clonl. 

4. Numblr of s.tel. in proxH!fl and D1Ital Poct Halvi. 

No .lanifieant dift.r_nci v •• ob •• rved in pod. from ttther . 
1 

ero •• - or I.lf-pollination., for th. numb.r of •• ad. in proximal and 

dilta1 pod halva.. Tb~ numbarl ttnd.d to ~e _qual in the pod •• xamlnld. 
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V. DISCUSSION 
1 

Biochemical a.plct. of aelf-incompatlbility in Lot~a corniculatus L. 

were investisat.d. Ovary protein subunit banding patterna on poly-

acrylam1de gela were compared between unpollinated •• elf-pollinated. and 

51 

~ cro.s-pollina~ed florets. Variou. parameter. of the mature pod were 

meaaured (1) ta inaure that 8elf-incompatibility wa8 occurr1ng ta a gr •• ter 

axt.nt than cr088-incompatibility (which can occur). and (2) ta sain 1naight 

into the behaviour of the pollen tube after self- and cro •• -pollinationa. 

A. Electrophoretic Studiea 
~ 

1. Prel1minau AMlyli8, 
l 

Polyacrylamide Sil electrophoraaia 1. & powerful analyttcal 

tool for the .tudy of proteina. It requite. only a amall quantity of 

protein (.bout 5 pl PI» band; Mai.el. 1971) and livea sre.ter re.olut10n 

than the ult~acentrifus. or othar electrophoretic medla, luch aa paper, 

cellulo.a aClt.te, or Itareh sali (Dlrby.hite ~~., 1976). Poly.cryla-
1 

mid., wh1ch 1. a .i.pla oraanie .ub.tance of non-bioloaic.l or18tn, i, 
" ' 

la.a liklly to bt contamlnatld w~th blo1oa1cal ,impuritll' (Mai.ll. 1971). 
, , 

Tha buff.r-Io1uble prote1n content of ~ corn1cul.tu. ovari'l at 

anthl.i. wa) •••• ;.d ta d.t~rmln. the number of ov.rle. rlqul~d to in.ure 
/ 

th. appllranc. of b.nd. ulina polyac~ylamid. a.l ellctrophor •• i.. The 

dry w.taht of th~ ovarie. wa. 251 of th. fre.h wt1abt. Pho.phatl buffar

.olubl. protelne wlth 'ubunit mol.culat ~.ilht. sr.at.r than 15,000 ~ 

cOlifrillct .pproximltely O.U of the total dry w.tabt of unpoUlnat.d 

ov.rie.. Tb. prot.ln cont.nt valut i •• roulh .atimatl, •• tbl conc.n-

tratina cllVic. Ulect ~ .... nt primarily al • qualitative tool. 
1 

" 
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Hoat of'the literature to date reports on leaum, protein content in 

leaves (3 to SI proteln; Derbyshire !l!!., 1976) or in mature seed from 
, 1 

large-slld hortieultural crops luch as peas and bean. (20 to 25% protein; 

DerbYlhir.~!!., 1976). Little work has beén done on the proteln content 

of unf.rtili.ed whole pods at antheaia in amall-alld forage leaumea. , 

Phosphate buffer-soluble protein would comprise a fraction of thia value. 

The anionie detergent sodium dodecyl aulfate (SDS) denaturea and .. 
• olub!li'is proteine into rod-shaped aubunits, the leng~hs of whi~ vary 

with thl mol~cul.r weight of the protein moiety for most proteins (Reynolds 
J 

and Tanford, 1970). Sinee SDS mintml ••• native charge differences, a good 

•• tlmate of moleeular w.ight can be obtained knowioS migration distance 
~ , 

(Shapiro, Viauela and Hai.el, 1967).' Rllatlyely crude extracts may be 
1 

u.ed, a. prottln - nuciele acid aad prottln.- lipid interactions are 
l~ 

,limlnatld by SDS tt.atmlnt. a. WIll (Hal.el. 1971). 

To1 e.tlmate mollcu1ar vtight ?f thl .ampll prat lin .ubunlt. obllrved. 
, , 

mlaratlon di.tIDe •• of prot.in .ubunit. of kRown mol.cullr Wll'ht war. 
. , \ 

compartd vlth aample miaratlon di.t.nca.. Howavlr. thl ua. of 1 dlfflr.n~ 

.oltbll1lina buffer for th •• tandard prot.in mixtu~ •• (0.1 H pho.phltl 
/ 

1 

bufflr It pH 8.0 rlth.r than 0.01 H Tri.-Hel buff.r cont.inina 0.001 H 

!DTA (tthyllnediamin. tltraacetic acld» r •• ultad in the 10 •• of on. b.nd 
1 

u.lna th, lov mollcullr w.iaht mixture of prot.ln •• Ind thl 'PP,lranct of 

.lVertl .nomol~u. band, u.ina the hi8h mol.cular w.laht mixturl of prot.ln •• 

Th. ob •• rvid prot.ln .ubunit. w.r. Il.l1y di.tinaui.h.d on the ba.t. of ,. 
conceDtr,tion differenc... In expetimlnea p.rformed prior to tho., pr •• ,nt.d 

L_ ..... .,... , 
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hor.. .tondord '010 proporod u81., tho Bol .yot .. of Weber • .l O.born (1969) 

re.ulted in the 8xpected banding patterns. Rf values derived from standard 

8el. u'ed in thi. experiment still maintained a linear relation between 

misration di.t~nce and the logarithm o~he mofecular weisht. 

2. Electrophoresis 

Twenty-four to 26 houra after pollination. ~ corniculatua 

pollen tubea have reached the ovary and moat'have not yet entered the 

ovule micropy18s {Ciles. 1949). Ther.fore, Any e1ect~ophoretic banding 
" 

pattern differences obaerved .t thia time between ae1f- and crosi-pollina-

tian would be due ta aelf-incompatibility rather than aelf-aterility in 

the form of post-ferti11lation abortion. 

Any incompatib1l1ty reaction manife.ted in the ovary at this time' 

~y aither be due to the influence of poll~n tubea in the atyle, in the 

ovary, or a combinat ion of both. Cvarian ie.pon.e ta pollen tube. that 
\ 

have not yet ~eached the ovary'bal been ob.erved in other plant •• ~n 

A~elmoichui .eculentul , dil.oiution of nucellar celll at the m1cropylar 

end of th. ovule ta form a pa ••• s. for p61len tube entry occur~ when the 

" pollin tub .. Ire .till in tbl nyll (Chandra and B~atnaSlr, 1975). 

~in.kena (1975) ob.erved t~t .hortly after pollination (and Iub.equent. 

Ixcl.ion of th. pi.ti~) ln Petunia hybrida L., the el.c~cal potent1.l in 

the .ty1e chans •• , IUIS.ltinS that information may be rlach~nl tbe ovary 

or ovull' belore'thl incompatlbillty reaction besinl; ln .ell-pollln.tid 
J 

pi.til. of the .am. plant, prot~in. Ir. tran.portld to the ovary· •• th, 

poll.n tubel appro.cb, ev.n thoulh thl po~len tUb •• nev.r rlach the ov.ry. 
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.~ Differencea ln Proteln Content. Twenty-four hours after 

aelf-pollination. aelf-pollen tubea in the Lotus corniculatua ovary may be -, 
c 

growina at a alower rate than crou-pollen tubes. so it may appear 

aurpriaing that the ~rotein content of the ovary of a aelf-pollinated 

flower 'contains more pro teins than that of a c~oss-pollinated flower, aa 

waa true of the gels examined. However. van der Donk (1974a)" wQrklng .. 
with Fetunia hybrida, observed that atylar protein ayntheaia 1! vitro 

from poly'aomes extracted at variouR timla after pollination wu Bt, Eirat 

higher after aelf- than after cr08s-pollinatlon. Later. protein aynthesls 

w&. bigher in stylee from croaa-polllnated flowere. and by the time the 

croae-pollen tubes had entered tbe ovary and seif pollen tubes were degrad

lng in the styll, proteln synthe.ia was higher ln styles of self-polllnated 

flower.. In the above caee, flowera were removed immediately after 

pol11nat1on and comparld w1~h unpolllnated control. removed almultaneously. 

Linlk.nl Ind Typ1 (19~6) ob.e~ed that the 1nerelae in styl~r prote1n 

content 18 bourl alter •• lf-pollination in Petunia bybrida corr •• ponded to 
• 

. c .... Uon of poll.n-tub. arowth (croli-poU.n tub •• rucb, the ovary after 

36 hour.),' Dlur.ab.ra (1976) workina witb r.tunia hybrida ovari •• Il 
\J • 

oppo •• d to .tyl •• , ob •• rved th, areat,at amount of protein .yntbeeie after 
f \ 

•• lf-poll1nat1on al oppo.ad to cro.,-pol11natlon or ponpolllnation (control 

flow.r. vere unpol1~natedJ but were plcked and. exam1nad at intervall 
~ 1 

co1nc~d.nt with tbe pollin.tld flow.ri) wb., th. f~owlrt bad jUlt b .. n 
~ 

po1l1ntted. By th. Um. poll.n tub .. w.n n •• r.r -tb. ovary, the ma.t 
; 

prot.in Iynthl.i. wa. ob,.tv.d in cro •• -pollinatad flower. and the l,a.t 

in unpollinatid control •• \ \ 
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Linakena and TUP1 (1966) noted that incompatible pollen tubes ln thl. 

sp.~ie •• topped growth after ~B hour.. At this point proteln synthesil 

r.comm.n~.d, pro~ein content increased, and respiration intenaity was 

rlduced after incompatible pollinations; but protJln content decreased 

Ind respiration intens1ty showed contlnuous lncrease after compatible 

pollinations. Increased respiration demartds ma)' cause protein degradation 

to amino acids that could pro~ide accessory carbon lources. In ~ 
-

corniculatu., differences between compàtible and incQmpatible pollinationa 
, \ 

lIIInifelt in the ovar)' (Giles, 1949), 'as O'ppoBl!d to the sty'le. Therefore t , 

if a limilar aituation occurs we would expect to obaarv~ the reaction to 
• 1 \ 

the incompatible pollen tubes ~n the ~ corniculatui ovar)' after 24 
.. 

houri as i. ob.erved in Petunia hybrida atyles after lB.hours; incr.aa. 

in protein contant upon ce •• ation of po~len-tube growth, due to reduced 

reapiration demanda. 

Th.re exi.t other po •• ible ,.xpl.nat~on. for the larga diff.rence 

ob •• ~ed in proteln contint b~tw •• n incompatibl. and compatibll pollina

tion.. Proteinl_ that 1111)' b. the mOlt important in enhancins or p.rmitti~~ 

compatible pollen ... tube gfowth lIIIy be .ynthe.i.ld a~ conclntration. too' 

low to b. minil'Itid a. b.ad.. Ta Iff.et •• lf-incompatibility, .Ynthl.i. , (_., ..... , ' 

of laT.' ~uantitl.. of protlinaceOul matlrial may bl r.quirad to block ' 
t~ 1 ., 

lurthet pollen-tub. afowth. Plrhap. dl,radation of tb. 1ncompa~ible pollin 
\ 

tube matirial d.ma~1 .ynthe.ia of laral qUlntitil' of dise.tive protain •• 

An alternatl expla~t1on for th. apparlnt rlduct10n of protain content in 

thl ovaril' Ift.t_cro •• -pol11nat1on 1. that the ovaril' haVI b •• n tr.uma~ 

. ' 

" 
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ti".id by <au.cul.tion •• uch ~at althouah the ,owle. are he.Ithy enouah to 

producl •• ed. and the pollen tubes are unharmed by thi procls,. the avarian 

~;U"'\le' and othar partI of e floret ara uti1ilina .ny surplus protein for ... 
r.paration. and mairitenancl. rote1n may alla be 10lt through t1ssua 

1 •• 10n. cau'ld by amaleulation. 

Th. emalcu1at1on operation can cau.e graAt damage ta a floret. On1y 

clon •• P and PY produced florets that war. con.iltently capable of lur-

vivina .malculati?n. Umb.l. of thele clonl' wara more'trequently ,Iubtanded 

by Iturdiar pedunclel. buda wera produced It a fa. ter rat •• and flore Ca 

on a .~:. umbel tended ta reach anthe.ia more or' le.. aynchronou.ly aa 

compared ta thoa. of other clan... Thui a larsa number of emalculated , 

flo~etl~.r. avail.ble for croll-poll1nation. However, ama.culation of 

fl~~etl of clon •• P and PY for cro •• -pollination and k •• l damaaa to permit 

•• lt-pollination may have contributed to .ome dilferlnc •• ob •• rved b.tw •• n 

tha thrl. trl.tm.ntl. 

,b) Dift.rlnc., in Dandina Pattlrn.. Thl bandina pattlrn. 

\~ecw .. n clon .. a,nd for d1,fflrent tre~tmenta w1th1n clonel Will extr~I'lY , 

div.ra.nt. Bxc.pt t~r a t.v con.1.t.n~ flature., band. chan~ld ar.atly ln 

colour tntan.ity, pOlition, and numblr. Van der Don' (1974b, li7') CQ.pa~.d 
• 

,electrophorltolram. contain1na .ty1ar protlin. "tran.lat.d in vitro froi .. . ....-
f , 

INA Ixtract.d from •• 1f- and cro •• -pol11nat.d flowlt. of 'ISuni. bzbr,~a 
l ' • 1 

o pluc!kld .~ttr po1lin.tion, and eXI\IIinld at 1ntlnal. tollow1nl polUnation. 
.. " () 

Comp.rtlon of 111(- and cro •• -pollinat1on. at tbe lame intl~ali r.ve.led 

1~'lt dillerinci. in band numb.~, pOlttion, and d~. conèentrltton. al wa. 

noced abovi for Hotu. CO!'B&culatu •• ' Ha conèludld that cliUtr.~t protl1n 
- ~.. ç . . 

, Ict1v:U:y accOIIpan1td compaUbll and 1ncœapltibl1 pqlll~-tubl arowth. 

J 
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l' 
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Soma band1na Plttern dlapariti.a batwe.n .alf~ and croaa-pollinated 

.aœpl •• mu.t b. attributad.to ~h.'diffarenc.a in tha ~ack.round genotype 

of the typ.I of poUen tllat ware ~.ed. 

ln all ca.ea examinad, sela containins prot.1n fram self-pollinations 

rev.Il.d à sre.ter numbar of banda in the den.itometer profila. than ge18 , . 
contlinina prot.in trom unpollinat.d ovari.. which demonatrated a greater 

number of banda than Sila containina protein from croaa-po1l1nated ovade •• 
" 

Thil may indicata that .e1f-pollinaud overila 'produce a ateaur variety 
" 

of pro tain lubun1t., or p.rhapa an ovarail prot.in concentration reduction 

1. occurrina in the cro.a-poll1nat.d lamplea. prevlnting detection of 

certain banda. lapottant prote1nl, luch as flau1atory enlyme., May oceur 

in 1n.uff~c1Int quant1tie. for dataction by the •• method •• 

The .ama aubunita on d:!.ff.rant ,Ila run .t the uma dma ean have 
l 

dUterent af factor. undar ctftdn drcum •• nc... lmpuriti .. in th. 

protein laplt can aff.ct lIiarat10n rit •• , in .piU of the pre.anca of 

SDS. Un.t.intd a .. pll .. el. in thil Itudy contl1n.d araen1.h aad y.llow1ah 

baDcl. thlt Vlfl poadbly cauald by plant pi ... nu. Th •• e d11.ppe.rld afttt 

tbe '111 wart ataintd. Âccol'dina to Lawia !S.ü.. (1967), Rf .hiftl .. y " 

occur dUI to cofaètol'l wh1ch are ~.l .... d upoO-ar!lndina the fre.h tia.ue. 

Wb.n uny 811111ar baftid. app.ar cloll tOlether. it 1. often d1fficult to 

.,cereain wh1ch QOUllpOnd to ~he ...... u.bun1t'a on diUeunt .ela whln 

baad .b1fe1na 1. not ruled out. 

1 1 

1 

l 
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. The blnd:l.na patterna obtained do not pe1'lllit • aeneral conclusion 
~ ) 

conearning tbe po,l1b1e molecular w,taht of pro teins asaociated vith' the 
1 

aelt~incomp.tibi1ity reaction. Differenca. ob.erved betwaen clones for 

th, .ame pollinat:1on traatment were larae. correapondina to the larae degree , 

of difference obe.rved betweèn clone. (Table 1). ÂI planta within tlone. 

were found to be morphologlca1l~.imilar. 8els replicated for unpoll:l.nated 
( . 

/ 

aamples were very aimilar. The differencea betwaen Sil' of different 

clonel are too areat, and the aimiladUes between aela for different 
1 

clone. lubject to the aame traatment are too few. to permit definitl 

a.a11~tion of Any band(s) to the aelf-incompatib1lity r .. cti~. 
. / 

Sillllar1Ue, that do oceur between different clones fyi the .. ame 

trtatment. and that tend not to ,be present for the o~r~~tlllenta. may 
- , r: 

be explained in "veral wayl. the., lIIay indiclte the pr'l,n~e of proteine 

or protetn .ut»lin:l.t. that Ire 1nvolved :Ln tha .elf-1aéollpat:lbil:l.ty fllction 
i r" 1 

v aa .ubatrata., catalYlta, ~r produeta. Thay Illy ba prote1al that are not 
.:r 

funct:l.onally nlltecl to .. lf-:l.ncoapatibU:l.ty. but tbat are I,netically 

linkad to IOlle loci 1nvolvad in l.lf-1ncoapat1bil1ty (Iuch aa p,rhapa b . ' . 

tap.:rltur ••• nait:l.vity. Town .. tlCl. 1971) ~ SOli. of th ... banda may be for 

prot.~na tnat fo11ow in tha vlk. of th, a.lf-1ncoapat1b11ity re.ction. aa 

haa be.n IUI,.ated for 10... paroxida .. 110.111111 (B:redlllaij er Ind B1a18 t 

1975) • 

On. ahoule! not UPICt to f1ncl on. band r,pre •• ntina ona protein or 

prot.in ,ubun1t 101aly raapon.1bl. for controllina th. a,lf-1ncompat1bility 

• fllcUon in 1:,. corn:l.culaSu., aine •• evaral loc11DOit ~1kely contribute to 
1 

" . , 

l' 
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the ineompatib:1lity .y.tlm in thll splcill. If 1 tha alneUc baais of thl 

~ 
1ncompatibUity 'Y.tam w •• morl fully under.tood, it woulc1 be pO'I~blt to 

cOlllpare Il.ctrophofetoaflllli of plant clonl' ,,!th the IIml ineompaUbllity 
" l ,,", , , ..... :::-~)/ 

.llel •• but with diU.rant ,lnlUc back8rou~~;; 
""'--~I 

The p~antl wer. a11 Irow undu idlntieal riaorou.ly controUed' 
'" 

conditionl 10 diff.unt bandina pat terni' Ihou1d not be attributable to 
1 

, 1 

taplr.ture, humidity. or 1011 condition d:1.fftrenc... How.vér. I1ncl th. 

clan •• In alnetic.l1y difflranc, th.y Illy bl differenUllly 'Inlitivl ta 

thl environm.ntal ~ndition. 1IIIpo •• d .. for eumpll. an optimal temp'.rlturt 

- for flowlrins in onl clone may ba .ubopUmal for another, thui IUamlntina 

the differanca. ob •• rv.d bltvaln clon ... 

1 condder that thil Itucly h.. indicatad a bioch'1II1~al difflrence' 

b.tw.an piltU. lubjacted to cro .... pollin.Uon and tho ... ubjlctld ta •• U-

po111nat:l.on. 

To te.t whlchar th. plant c10n .. uaminld VII'I po .. lbly •• U

lncoapat1blt. th. nuabar of •• ed, par pod and pad lanath "ere IX&JIin.d 11\ 
j 

thl uturt poeI.. Ta COIÇlrl th. b.hav1our of the po~1tn tuba aft.r •• U-
• 

aM cro'l-palU,DAUon, th. di.tanel of th. 1IOit cU.tal .. ~ (hoa the Ityle) 

to the d1ltal and ,of the poèl. and tba DUllbel' of lIeda in the prox1lll1 Il 

cOIlpared to the d1lt&1 balf of thl pod vire exwned in matul'l pod. alter 

•• lf- and croa.-polU._tioo, 

, . 

l 
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, 
GUI' (1949) found that cro •• -pollin.ted flortt. produc.d thr'l time. 

, \ 

"mor,_ ... d th.n •• 1f-polUn.ted floretl. Buber (1958) found th.t whlle 1 ... 

than 50% of th, ovul •• producld le.d.lafter cro .. -polUn.tion, only an 

. .varaa' of 6. n of thl ovule" prodJcad seeda alter 'IU-pollin.tion. 
" 1 -

Brand.nbura (1961) ob.lfvad that 11aniUcantly hiahlr pod let re.ult-ed 

hOIl crola-polUnation' &1 comp~red to .lll-poll1nation. but d:1d not ob •• rvl 

diff'l'Inca. a. suat bltwa.n thl two ty~el of pol11n.t1on a. wu obllrvlt.l 1 

by thl .bOV~O .uthon. My r"ulu 'It'~e w1th tholl of Br~ndlnbura. 1n 

that ~ro •• -pol11n.ted florat. pr~duc-=a1anific.ntly mari ••• dl than •• 1f

pol1in.tld florlt. for III clonl' ~x.m:Lned. but th- medi.n number of ... d. 
, 

producad pu pod after cro .... polUn.tion we. Ipprox1matlly double rathlr 
\ 

than tripll tha mldi.n numb.r of ••• d. producld plr pod .~tar 'Ilt-

polU.nation (thil 18 trui if m •• n. arl c'amperld a. w.U. ~ut th ... an not 
• 1 

r.port,d b~re a. tb"IIII •• n il a le .. appropriatl .tat1IUc tor 1 dtlcnte 

diltr1buUon) • 

, Althoulb Bubar (19'8) 1nd:1ca~ad ch.t 501 poel •• t va. an uppu Umlt 

for lV.n thl molt lavaur,bla croli-palUnatian. tha b •• t 'aact .. t oblln.ct 

in tbe .• tueS)' prll.nt.cl hara "al 92.91 (39 I •• da out of 42 ovul .. !. 1'.lulUna 

froll'. ofoll.polUnat:1on). Tba lu.ta.t .aed. .et re.ultina tro", , 'Ilf-
1 

po111nat:loD va_ 18 .I.d. out ot 38 awlt. (47.41). WOjCilcbovlka (1963) 

found 41.21 f.l'tilb,tion .ftel' cro •• -polUn.Cion. No pod. oblarvecS iri th. 

Aix clon •• U_iA" in th1t- .tuclY contaiftlCl mora than 60 ovula. (ovar 700 

pott. vara _ailleeS). and molt, colltl1nu approxillltlly 4~ owl... Tbu. th • 

Il 
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\ 

r 

j 

I\I!I ,r ... , JII 1."11 RiAl J lM s •••• b fil U .t 10 n •• t , Id 

Cl , 

o 

\ ' 

61 

lIl.di.n •• Id .et dt.r 'IU-poll1nat10l) would ra"". trom 7.5 to 20~. and 101' 

a croll-pallinatian trom 17.' to 50%. d.plndinl on th. clona con.id.r.d. 
" . 

lt IIIUlt ha noted that th. cultivar Minbtl ha. on1y blln ne.ntly 

dlvllop.d. Cultivar. u •• d in pr.viou. Itudie. may hava h.d dillerent ••• d 

•• t •• 

Gill. (1949) ob.erv.d that,cro •• -pol~inat.d f10r.t. produc.d 10nler 
"> 

pod. than .Ilf-pollinat.d flor_t.. Thi. va. conflrmld by Br.nd.nbufa in 
III f 

1961, who ind1c.tld that th. aVlr", pod 1.n,th .ltlr oro •• -p0111nat10n 
J 

wa. 20 _. and thl aVlra,1 pod lInath .ltu •• U-polUn.tion Wai 14 mm. 

In thi •• tudy, th. av Ira,. pod lInath attar .. 1t.-po111n.tion nn'Id bltwlln 

13.7 ± 2.37 ÎIIIII and 22.0 ± 7.0' I11III. and ,'tu cro .... p01lin.Uon fnnsod 

betwI.n 19.4 i 4.14 mm and 28.1 ± 5.94 mm. d.ptnd1na on th. cl on. 'Xlmln.d. 

Th ••• valu •• Ir •• om.what arllt.r than tho •• ol Br.nd.nbura (1961) but a 

d1tte~.nc. betwetn th. two typ •• of pollinit10n i •• til1 .ppar.nt. 

Th. lOrlll ol thl Kollloaorov .. Smir1nov t •• t thlt w .. u •• d, wa. 101' 

lallpl. IIi ... lreat.r than lorty. T,hi. tilt V., \lIed for compati.one on 

clon.,P 'Vlft thoulh th. 'llf-pol11nated .ampl. cont.tnad only 24 v.lu ••• 
i 

ln drlvina concluaion. trom th. rllulta .• Olll Iholild. reuln aWln of th1a 

. 
Th. lar •• Z'l1lI' in 1'14 nUllb.r ane! 'the l"'lle vldIM., ob •• r".d for 

~od l.n,th ..,~I~'I' tha n'Id tOI' lar •• 'iampl •• i.... It 1. obv1oul t~t 

th •.•• lf-tllcompattb111ty •• chani'lI 1. incomplltl in th~e .p.ql"t~l~ that 
i \ 

1 coù1darlbll UIOunt ot .. U ... d 11 prô4l1c.d. 
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Plant clan •• v.ri.d aa to thl delrl. of thlir ,.~t-incomp.t1bi11ty. 

Slnel I.ch clon~ WII only croll-pollinated with onl plant of anochlr clon., 

potlntial Vlriation in ••• d numb.r and pod ,1 •• VI~U" for cro •• ~pollina-

tlonl wa. rlduc.d. On. cannot ••• ume that th. pllnta actina a. flma1. 

parent. would produc~ Ch, 'Im .... d y1eld after croli-pol1inaUon if oth.r 

plent clonel ar. uI.d a. poll.n parent •• 

Althouah Ime.culatlon took it. toll of florlt'bud., lom. Im.lculacld 

buA. in •• ch clon. did .~v1v. to an~h •• i" an~ produc.d pod. wh.n croa.

polliblt.d. How.vlr. a1nel 'Ilf-pollinatod florttl wer. not oml.culat.d, 

th. two treacmlnt. Ire not IXICtly .qu1valent. ' Sine. any dl.a'i du. to 
9 

I ... culation would morl l:l.klly r.due. fitn.a. than tnhanel tt, ic il 

po •• ibl. that cro •• -poll1natld flortta would produe. Iven more .t.da ptr 

pod 1f not '-rJ.ubjlct to IM.culacion. Thil would enhanel ch, dUhnnc. 

bltwl.n •• lf- Ind croaa-poll1nat1on. , ' 
1 \ 

Vlrtation in numblr of Iltdl plr pod and ~od l.nlth WI' Ir.at.lc 
, \ 

, 
bltween clone. and bltwe.n poda tlkln trom thl .1111. clon •• 

. Variation ~etwlln clonl' cln b. part1ally attributld to a aln.tic.l 
Iif 1 

dili,r.nc. bttw •• n th. clon ••• Many loci contribut. ta th, control.of •• lf-. \ 

1ncollpatibil1ty in~. çOJ:q:l.cpl.tul. and/a via. ,.n •• of allll .. c.n bl 

pr .. ent At IIch ot th. 10c1.. Thu ... Vlnl dUhrent ,U.110 cOllb:l.naUon. 

arl pOlliblt, and arlat Ya~i.b11ity ln dl,r... of a.lf- .nd cro •• -

iDQO~.tlbil1ty miaht bl .xplct.d ta ooeur in 1 population. 'Ictor •• ueh 

Il liteS yi.ld and pod lIn.th cln .110 be innu.ncad b, baok,round I.no~yp •• 
/ 

l 'JII 

/ 
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fot! .x.mple, pl.nU that contributl more aneray to pod and ... d dlve1op.lnt 

in I.n.ral .hould l'lIVI hilblt valu .. for ... d yield an4., pod lenath for both 
'li 

type. of poll1nation. than plant. that contribut. more .n.ray ta toll.I' 

production. 

Difference. in number of .. edl par pod and pod lenath var1ed more 

within clont. than th. medlan value. ,betw.,n c10n... Subar (19'8) lndicatld 

that in L. corniculatu., ovula. within an ovary do not d.valop .ynchronoully 
- -< 

\ 

la that th. ovary Il a whole 11 ractptlve to tertl1i1.tion OVaI' • lona.r 

p.rlod. Par thi. r.a.on, on •• hould not exp.ct .n .qual nUDlber of •• ed. 

pel' pod wh.n the .alll' type of pollin.tion 11 performtd on tht 11111. plant 1 
) 

Il 

InvlZ'onl1l.ntal flcton au known to .thct ... d .et. A.cher and 

'e10q"ln (1966), workina with ;11:1.ul1I loyiflorui Thunb. found that Horal 

.'1 influlnc •• pollln .. tub. arowth. Th. dithrencl bttw .. n a •• U .. and a 

croll-pollin.tlon wa. tound to b. ar.lte.c durlna th, lnt.rYal in whlcb 

polllnitlon occ~rr.d in natur.. Slrk. (1927) not.cl that pollinatlon IUCC'" 

4.pend.d on Ch, .a. of the piltil. th. poll.n, and th~ plant. Â cOlman 

pb.nO\ll.~n to .tudllltl ot I.lf-incompltibility il .ncl· •••• on t'I'ClUty. 

~h.r ••• lf-pollinationl produoe I.ed .et. comparable to crol.-poll1nat10nl 
1 

when th. flow.rina .... on i. eirawiftl ta a do... Wharf flont produotion 

te arUfidally,.nhanc.d tor Ilona p.dode (II wa. tr". for thll .xpeda.nt), 

thlrl il th. po.l1b1Ut1 Chat ,nd-I.alon hrtll1ty 11 occurrina in 1p1te of 
1 

prelu .. flCN.rina. Th. phy.101o11cal bal:l.l tOI' thil phenOlll.non 1. not ylt , . 

ooaplltaly u'lei'l'Itooci. Other tlctOl'l th&t hlYI b .. " !ounel to influ.nce •• " 

, 1 

r 

1 

Il 
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'It in .ome plant~ •• ~ch aa t.mplraturl. rilativii humidity. arid illumina

tion (Klndall. 1973). hlve be.n klpt con. tint throuahout the'l experiment •• 

Honver. du. to po.1t1onal dUterlnel. bltvlln nontl. lIIierocl1l11atic 

clifflrence ... y havI'cau.ed .om. ob.lrvld variation in the ob.lrvlel .I.d 

.. t. and poe! lenatha. 

M ••• ur •• ent of thl alp bltw,en th. \\\Oat ditt,l ... d vith rllp.et to 

the .tyll and th. dl.tal end ot l th. poel rlvlI1,d a .ianifieant dilf.rence 

between poda re.ultlna from cro •• - and 'llf-po11tnation.. Thi. ditterence 

.,y indiclt. that the •• ll-poll.n tubl tend. not to travel a. tir into th. 

ovary AI tb. êi'oli-poU.n tub •• or that linee tewlr Il.d. are prealnt in 
:;: , " 

pod. u.ult/tRi trOll .. U-pollinaUon. th. diat.ne. b.tw .. ~ ... d. ~ •• on 

Iverale, Ir.atlr. in .pitl ot th •• vidence that pod. r •• ultina fro~ •• lf

pollinationa tena to b •• horter than pod. re.ultina trom croJ.-pollination •• 

To di.t1naul.h b.tw.en the •• two po •• 1bilitie •• thl numblr ot .e.d~ in 

th, diatal and prox1 .. 1 halve. ot pcd. we. comparld for pod. rl.ultina trom 

IIU- and crolt-pollinIUona., No daniUeant diUerinel betwlln ••• d content 

ot Ch. two pOel hll' •• v.. revllle4. Th"1. .UISlit' thlt th. difterenc. 1n 
" 

eh, dileanc. frOli tbe Mit ditt.l .. 14 hoat th. clhtal .nd ot the poel. 

b.tw.en •• lt- and crol.-pol11nat1on., 1. indicativ. of .n overall reelucad 
1 1 

.. ed .et racbar than 1 .borter ulU .. t. pol lin-tub. llnath atter an 

lneo.patlbl. poll1nation. lt 1. equally lik.ly that lncoapatlbl. pol~ln 
,f"'" 

tube. ara, •• far iftto the ovary .1 co.paUblt tub •• , but 
'\ 

ml .. 1. ,rUellnu)'. 

. , 

1"'-1 

'1 

. 
fail to tartl11 •• 

, 1 

• 
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c. 8ual •• tl~n. for Purth.r ae.larch 

Thi •• tudy initiated blochemical re'larch on 'llf-1ncompatibility 

in ~ corn1culatu.. lt 1, recommlnded that in furthlr .tudi •• mort 

plant' p.r c10n., bl u'ld. Thi. would p.rmit a lufficilnt amount of florlt 

budl to re.ch anth.li. aftef ema.culat10n. allow1na compiri.on of .ma.cu
/' 

lat.d flor.t. for all tr.atmentl,lrather than ju.t for crol.-pallinat.d 

.ample.. UI. of more clon •• would plrm1t more Ixect charectlri.ation of 
1 

th. prot.1n. involvld in the •• lf-incompat1b111ty or cro •• -compatiblllty 

reaction.. A varllty of poll.n parentl ahould b. u •• d with lach clon., , . 
to d1.tinaui.h bandin. pattern dlff.fll\cn attrlbutablt to th. incomp~t1-
~ --

billty r'action trom thOI'~' .imply to the dl.parate backlround I.notyp" 
l 

of th ••• 11- VI. crol.-poil.n. 
~ 

Protlln .ynthe.i. (a, oPPo'ld to prot.ln content), RNA .ynthe.i., .nd 

IpldUe Inaya. activiU ••• hould b ..... y.d ln .n attempt to .ccount for 

the incr •••• in prot.1n cont.nt and numb.r of band. in electrophoret1c 

analy.e •• ft.r •• lf-pallination. and th. diminution aft.r cro •• -pollinttion. 

Once Ip.cille b.nd. have be.n de.t.nld •• corr •• pondina to th. 'Ilt-
1 

lncompatibil1ty or cro •• -compatibility r.lction., onl .hould d.t.rmine if 
, 

the •• prot.in .ubunlt. If. in r,allty Ilycoprot'in .ubun1~'t Il Ilyco

prot.ln. hlVI .110 b •• n po.tûlattd to b. involv'd,in the rlcoan1tlon of 

".IUII. ~ 1 ... nolol1cal (in tlru of l.ct~n biochuai.tt'-y) or h1ttochlllical 
, 

Ipprolch to th1. probl .. wo~ld r'v.al mort .bout th. rtlltion.hip b.tw'.n 
\ 

che btoch~le.l dili.r.nel. and th. morpholollcal d1ft.rene... B,clu •• 
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a bioohemicil diltar.nc. batw •• n avari •• trom .alt· and croll-pol11natad 

floratl ha. ba.n damonltrlted to ooeur a •• ar1y 1. 24 to 26 houri aftlr 

polllnat1on in \thi/ .tudy, cont1nu1na r .. aarch in thil ar.a would appaar 

fruttl'ul • 
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•• for. for,ca.tina too fr •• ly into tha futura, ona mult b. awara that 

l.ck of .utt1ci.nt information .bout the •• lf-incompat1bi11ty machani.m in 

~. corn:l.oulatui pr .. ante 1 major handicap' to tha r •••• rch.r. Tha pr~uc

tion o~ v.riou. clona. Wit~ th •• ama or compl.t.ly dilf.rlnt incompatibility 

alll1 .. cannot ba ... und. Ho,!av,r. a biochemical apptoach to th. problem 

of •• lf-incompatibil1ty may prov1da in.iaht into tha lanatic ba.1. of 

•• lt-:l.ncoIllPlt:l.b111ty :ln,L. corg1culatu •• 
j 
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1.2!!:!! corn1cul.tu. ,~. an increaeingly important forlge llgum,. 

produci' li" .I.d,.ftlr .elf-pollination than ,ft.l' crol.-pollination. 

Som. warkln clnlid.t' that both aelf-Itarqity and .elf-incompatibUity 

contributl to th, reduced .,.d let upon self-pollination. In 1. 
, \ 

corniculatu. many sene loci control the lelf-incompatlbillty re,ction, 
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which i. a •• umed ta be gametophytic • 
\, 

Howaver, no concluBive relul t. have 

•• tablllhld the number of loci or the Rumber of all81el per locui 

involv.d. Morphologieal Itud1e. have dltlrminld that by about 24 hourI 
1 

aftlr pollin.~ion under opt1mal conditionl, mo.t pollen tub •• have re.chad 

the ovary whIte th. aelf-incompatibUity re.ponll il ,fhought ta occur. 

,B1ochllll1cal experimentl vith othe1r' planta Ixhiblt1ns the s.metophytic 

1IIOd. of •• 1t-ir:omp.~lbility (e,plcially L1liwa lohalflorum Thunb. and 

'Itunia hybrida L.) IUIII.t that proteinl play • fundulntal role ln the 
. '1 

control of th •• elf-incoap.tibl11ty r •• ction. Chanae. in prot.in .ynthe.i. 

" 1IIy Inn .nt1dpate th. arrival of th. poll.n tubll.".tol' Ixample, ôvarie. 
1 1 

II 

1" 
oftl~ r •• pond to pollin.tion b.lore th. pollen tub •• haVI .ven penltrac.d 

thl .tY~ •• 

Th., bloch.icll nature of the •• lf~ncolDp.tibi1:f.ty re.pon .. tn ,L,. 

corn1culacui ha. not b •• n inv •• ti.atld to dat.. aine. prot.in. '1" thou,ht 

to pl.y 1 fund.mlnt.l roI. in th ••• lt-lnco.pat1bilit~ r.action 1n othlr 

plant., le VII attemptld ln thi. th •• i. to b.,in bioch .. ical r •••• rch 1nto 

•• 1~·incomp.tlbllity tn ~. corn1culaèu. by ,comPlrln&~th. prot.in .ubunit 
1 _ 

.l~ctrophorl.i. bandina pltt.rn. bltw •• n unpollinat.d, •• lt-poll1nated .nd 

~ro •• ·poll1n.ted ovari ••• 
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Lotu. Qornieulatu. ovaria. wen collectld 4t anthe.is (unpoll:l.nated 
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••• pl .. ). or 24 to 26 houri alter .alf- or cro •• -pollination 01 the flontl. 
o 

All croll-po.llinated florlts werl IIIIAlculated prior to anthlli8. Und.r 

optimal condition •• mo.t pollin tube. wUl haVI reached the ovary 24 hou;. 

alur pollination. but will not have affec'ted lfertUhation. Thul any 

protein .ubunit d1fferenee.
o

b.tween the two pollin.t,ed .ample. of ovadel , 
\ lU' be .ttributable to the ulf-1ncomp.t1bil1ty (or cro .. -c.ompatibUity) \ 

raaetion rather than to po.t-hrt1lilation effleU. Sinee 100 unpo1l1nated 

ovarie. at anthe.i. wu. found to con tain 40 to 60 118 of prote1n, 2'0 

ovarie. wlrt u.ed pel' .ampl •• 
< ~ 

Pho'Ph.~a buffer-.oluble ovary protlin axtract; w.~. 
\ 

traated w~th , 
2 .... rc.pto.thanol. and analY'ld ul1ng SDS .. poly.erylalDid. i.1 e1ectrophoreeia 1 . , 

to dbtribute prot.in lubu~1t. Along the go1 accordina to I1IOlleular wliaht. ~ 

Molacu1ar w.iaht .tandard. were l'un coincid.nt w1th the lampll •• 11. 
1 ",' 

Glla trOIII tha " .. lf-polUn'tad IIlIIpl." contain.d a h1aher protdn 

cofteentration and • laraar numblr of band. than the oth.r IIlIIpla group •• 

aa1. hoa the "cro .. ·poU1nated .ample" "eontainad the low •• t protein \1, 

cODcentration and the hwa.t numb.r of band.. Thil w .. condlcant over all 

clonJ' lUIIin.d. Differant tuatll.nt. produc.d ditfer.nt bandina P41ttarn •• 

In repUelt .. of '011. IUlplll 'contain!n, prot~in from unpolUnl't.d Uoret •• 

tb. band polition. did not chlnla appreciably. but the nlulUn, concentra

tionl diU.rld. lt va. de.1d premature ta ... 18n puticular band. to th. 

~a1f -1ncOlipa t:f.bil1 t)' r .. e Uon. 
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, 
The plant clonee ueed for th1. etudy Ixhibited plrtil1 e.~t-incom~ati-

'biU.ty, 1. demonetnt.cl by raduced ... d .. t Incl matu".e pod lenath. The .. 
, ~ 

. re.ulte agni ,with report". in thl literature on oth.r L •. cornicu"latui 
, -

cultivlr. (Gil,'" 1949, Bubar, 19.5~, Brandeours, 1961). From ra.ult. 

of .ald,po.lt10n .tudi.1 ln the mature pod, it wa. propo.ld that no I.ad 

locaCion 1. more or 1 ••• tavourlct durina fertilization aftlr 8ither I.lt-
.. lIB' • 

l 

or cro .... pollinatio.n. thu~ biochem1cal'analyeil of the .nUre., OV.TY il 

rlcommlnctlct. , 

SUISa.tion. wara propo.ad for furthar r"larc~ in\ thi. ~rea. 

lIa.culation ot III floret. ue.cl wou1d \parmit dl.tlnaui.hina ~hath.r tha 
~. , .. 

profound chan,e. ob~.ryecl .ft.r.cro •• -pollination are in part attributable 
.. ' 

to ..... cul.tion. Â DIOU compl,.t. undlr.undina of th. lenetic b~ .• i<I tor 

~llf ... incomp~tib111ty would permit more cl •• r-cÏlt re.ult., a. one. coulet 

compare plantl vith' th. 'IIII~. ,comphment of lneomp.t1biiity 11111 •• in ' 

cliff.rlnt backaround ,lnotYPI., 
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