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Chapter X
IRTRODUCTION

The pedicels of all common tomato varieties are geniculate
and have a swollen abscission jeint at a point widway between the
peduncie and the calyx. This abecission joimt usually forwms the place
of detachment when the fruit is picked.

In 1936 Butler (1) seticed that when the fruits of some
tomate plants were picked, the calyxes always remained on the plant
fnstead of coming off with the fruit as they wswslly do. These plants
lecked the characteristic shscission jeint.

The jointliess charsster is a potentially valusdlie one for
tomato breeders. Siance no stem temains on the fruit after picking,
danage to other fruits in the basket duwe teo the sharp eads of sbecissed
pedicels could de averted. The expense necessarily incurred iam the
removal of stems when the fruit is merketed would alse be eliminated
a9).

Since the time of Butler’s (1) discovery of j and his
description of its action and studies of its inhevitance, this gene
has been incorporated is seversl tomate varieties, for example,
Stemless Pemnorange (21), Stemless Pesmred (19) and Dwarf Champion.
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The preblse

Fhemotypic effects of jointless gene in tomste.--Becsuse
apparsat iatersctions with other geses and pleiotropic effects of

the joiantless geme have been moted, this study of the phenetypis
effects of the gens was iaitisted. The relationship between the
jeintless character amd the determinate character, both controlled by
single genes, meeded clarification. Is addition, the effect of the
prassace of the joistless character om leafy inflorescence, number
of flowers per inflorescence snd time of floweriang have deen included
in this study of the offects of tha jointiess gene.
Probles snalysis.--The problem may be subdivided into the
foliowing phases:
A, Vegetative growth and flower initistiea,
1. Iaigiastien of first iaflovescence.
8. Date of floweriag.
b, Bumber of modes before first inflovrescence.
2. Number of leaves between inflorescences.
3. leafy iaflorsscences,
B. Flower development and fruit set.
1. Wumber of flowers per inflorescence.
2. Fruit set.
Pelimitations.--This predlem was confined to Fort Colliss ia
sorthern Colorade, The study wes couducted both on the Herticwiture
Farm of Colovade State University end im the Herticultuve Department
greeshouses ,
The soures of all jointless materisl wed in this study wes
the Dwarf Champion tomato variety. |

e
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Desexiption of genes

1. Jeintiese geme (1)
Most tomato varieties have am sbscission joiat im the

pedicel (12). Thus, when the fruit is picked, the calyx and part of
the pedicel remain attached to the fruit., The joistless gens suppresses
the formation of this joiat, and ia joistless plants the calys remaiss
attached to the plant instead of coming off with the fruit. Butler
(1) determined that the jointless gene is & simple recessive which
cane from the Fresch variety Reuge Naine Bative.

2. Detevminate growth (sp)

The deterwinate growth character has alse been veferved te
a8 both self-pruning (3, 17, 20, 25) er velf-topping (4, 26).
Indeterminate varisties of tomato have three leaves between inflorescences;
but Burpee's self-prusing, from which the gene deseription was made,
has only one leaf fnstead of three. Purthermove, Yoager (25) described
its "remarkable characteristic of determinste growth, producing blessem
clusteors st the tips of the branches.” He used, but did st publish,
the symbels T for indeterminate, snd § for termimate so that the term
"deterninate” is widely wsed to denote the self-pruaing type (20).
The gene symbol gp was used by MecArthur (17) and i now officially
used.
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The self-pruning plant type sccording to MacArthur (17)
is one in which soms of the stem segments ave shortemed to cme or twe
intervodes; and alse in this plant type the flower clusters begin at
the wsual height (the first blossom cluster on the ninth to the
thirteenth interncds), and then tend to vecur om every internods or
every second internode, They scwetimes skip three lesves, but are
then imvariably closely spaced again. Becawse of terminal infleorvescences,
and vesulting cessatiom of vegetative growth, determinmate plamts cover
less spece than do indeterminste ones.

PDeterninate growth is a recessive charaster (3, 4, 17, 25, 26).
The Py segregation is J indeterminate (spt ~) te 1 detevminmate (2p sp).
3. lLeafy isflerescence

Most of the commercial varieties of tomate do not have
leaves on tha ianflevescence, but s~me varieties do (3). The term leafy
inflovescence is uwsad to deseribe situstions in vhich a small leaf
gtows out of an otherwise novmal flower cluster. The other extreme is
one in wvhich the inflorescemce bocomss an elomgated leafly stem with
fruits borne singly along their side (2). Beswell (4), Young and
MacArthur (26), Butler (3), and others, veported thet the leafy
inflorescence charscter behaves as a simple recessive., According to
Rick ond Sawsnt (21), leafy inflovescesse is & plefotrvepic affect of
jointless.

Jointiess interactions
1. Jetntiess-lgafy inflevescence relationship
A berticulturally uasatisfectory condition associsted with §

is the leafy inflovescence. Instead of bearing esclusively reproductive
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structures as do movmsl clusters, the iaflorescemce of | first produces
one to three flowers and them contimmes grewth a» 2 sormal vegetative
shoot, bearing lesves sad edditiomal inflorescemces, which, in turm,
vepeat the same cycle. This abaorwmal development leads to such
proliferation of branches that growth may becoms very dsnse and steme
consequently attemuated (21). It became spparemt that, whevess lesves
uight be found on the first inflorescence of & plamt, later iuflorescences
of the seme plent may be mormal, or vice veprss (21). lLeaves can sise
be found occasionally en inflorvescences of most tomate varieties as an
abnormality of grewth,

In the sarly favestigstions imvelving |, the jointless and
leafy traite were assumed te be separsble by crossing over; com~
sequantly, twe linked gemes, | and 1f, were preposed to sccomnt for these
relationships in the fifth linkage group. Thus, Butler ia his eariier
work (1) veported that the jeistiess pedicel was closely lisked with
leafy infleorescence in the fifth linkage group and the twe genes ave
sepavated by 1 to 1.5 waits of crossing over. Later, Butler (2)
reported a value of twe, vhereas, Young and MacArthur indicated am
iaterval of 10 waits (21),

Butler (3) im 1952 mentioned thet the loet 1f and | contimue
to give unequal recoubinant classes, and he obtained am Py coupling
_vatio of 4,601 jointed mon-leafy: 96 joistless son-leafy: 34 jointed
leafy: 1,478 jeintless leafy. Onme jointless non-leafy selection was
grown all susmer and did not produce & single leafy inflorescense, but
cuttings from this plant did have leafy inflorvescences. Another
selsction which was non-lsafy and jeintless, refused to self, but set
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fruit vesdily vhem other pollen was wsed. Rick and Sawant (21) alse
encountered planmta thet apparemtly represented crossovers, but their
sccumslsted data reveal that only one type of crossover was recovered,
namely, jointed leafy, and none of the reciprocal crossover, jolntless
non-leafy.

An attempt wes made by Rick snd Sawemt (21) to obtaim cress-
overs botween | and 1f. From a tetal of 2,603 plants they obtained
1,330 joiated son-leafy, 1,273 jeintless leafy, end »o plants with
reccnbination of these two traite, Mertens and Durdick (18) alee
reported the absence of crossovers between | and 1f ia their studies
of the linkage velatioms of bi (bifureate inflovesecence).

Attention should be called to other tomste mutants in vhich
wodifications of the joint are sccompenied by leafy faflorescences.
Iaflorescences of e (macrecalyx) (26) either lack the joiat or have
only slight swelling or ill-defined joint witheut the sssccisted
abscissen layer (3, 21), end sismitssecusly always countimue growth as
leafy structure. Similarly pi (pistillate) is slse charsctevised
by the sboence of joint and by leafy inflovescences (21). The two
effects are not invariably sssocisted, however, for by (bushy) (26),
which shifts the joiat to & position very close tv the fruit and
interfeves to soms extemt with shecission (3), secarcely ever shows leafy
iaflovesconces. The observstions om all of these mutants, neverthe-
less, permit the gemevalisstion that elimisation or severe veduction
of the jeint is weually scccupanied by a lesfy iaflovescence, but thet
the leafy inflorescence is not necescarily assccisted with a sedified
Joint (21).

L




2. Rlejetvepis sffects
Dodson (6) explained the meening of this Greek word (Pleics,

many + trope, change). Dusa (7) meationed Nendel's observaticn that a
given unit could have effects on different parts of the orgenism which
diffeved to some degree; effects of this kind are included in what is
calied now “pleiotropy’. The term "pleiotropy” was inmtroduced by
Plate (1910) for the phesomencn of a siagle facter expressing simml-
tanscusly diffevent chavacteristics ia differest orgams (23). MNany
exanples of genes with more then a single effect have been discovered.
It has even bean suggested (10) that all genes may be pleiotropic, even
though their various effects are not recognized at preseat. Even
though a gene msy have many end effects, quite possibly every gess
iaflvences only one primary function in the chemistry of the developiag
individuals (10).

The latest list of geme mutants veports 282 single gene mutants
in the common tomato. Most of these have ouly a single known effect,
although a few ave to some degree pleiotropic. There may, of course,
be other undetocsted effects of apparently moupleiotropic mutations
but this is o matter of conjecture. An example of pleiotrepy in tomsto
is & mutant named cabbage ¢b (15), vhich cccurred spontanscusly and be-
haves as a simple rvecessive. The gene mutation concermed has numerous
and varied effects on the spovegencun tissue, pollen mother cells, and
fercilicy.

The tendency for leafiness and jointless to appear tegether im
so many sutants hints very stromgly that they are closely associated ia
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development and this lead Rick and Sswasnt (21) te the conclmsion that
leafiness and jointliess are but pleistropic effects of a single geme,
3. Therefore, they proposed that leafy be considered an addicienal
effect of | and that 1f be dropped frem the tomste gone list. The
latest vevision of the gene list (24) edopted this changs.

3. Joistless-determinate relationship

The undesirable lesfiness encoumteved with § cem be effectively
reduced by intersstion with gp (20, 21). To cbtain comeise informatien
on the effects of this gene intevection, Rick and Sawant (21) made &
cross between plasts of the comstitution i¢, | and gpt sp. The degree
ef leafiness was weasured in four different phemotypes of the resulting
dikybrid F3. With jeintless indetormimste plants they obtained O per
cent inflovescences with no leaves, 7.8 per ceat with 1.3 lesves, and
92.2 per cent with more than three lesves. With jeointless determinate
plantes they obtained 10.3 per cent inflovescences with meo leaves, 76.0
per cent with 1-2 leaves, sad 13.7 per cent with more than three lesves.
Their conclusion was that the tendencies of gp to suppress vegetative
growth, apparectly alse greatly subdue further vegetative growth of
the faflovescences, end gp therefors offerve a2 solution to the prodles
of lesfiness associated with §.

4. Joiptless fruit sttschment

The freedom from joints is weually sccompanied by a very
tight attachment of the pedicel to the frwit., It may become so difficwlt
to separate fruite from the vise that portions of fruit tissue are tors
sway im harvesting. The factors affecting tightmess of attechment in
J vhesotypes have sot been imvestigated emtemsively, but sufficisat
information hes been obtained to indicate that, as with leafiness, the



17
snature of attachment can be grestly affected by iatersctionm with gemes
from other atocks (21). The evidence was obtaised from hybrids between
lavge~-fruited jointliess lines and small-fruited jointed limes of Sas
Harssne typs. BRick and Ssmant were mot prepared te state whether the
tightness of attachment is determined solely by cross-sectional aves
of sttachment, but they suspect that it may alse be influemced by other
snatemical features.

ieaf rewovel sffect on flewering

There has been such speculation cencernimg the pert played by
isaves in flower initistion, snd the work heas besa veviewed by Lang
(13), Liverman (16), end Salisbury (22). Guttvidge (11) bas obtained
convineing evidence in the strawberry that the leaf may produce an
tshibitor of flowering. The production of this ishibiter may be stopped
by the sot of foducation in light semsitive plants and slso by removal
of the leaves was shown by his work., Removal of the leaves to induce
flower imitiation in tomatoes wes demonstrated by De Zeeww (5).

Pisher and Loomis (9) showed that removal of immature lsaves
of seybesn plents as they formed forced young plamts inte sarly flower-
ing. Alse they showsd thet spraying immature lesves with smti-sumip
was morve effective in inducing flowering tham spraying entive plants,
snd was wech move effective then spraying osly meture lesves.

Pisher (8) in 1935 showed that contimwous vemeval of the
immature leaves in soybsass wes wore effective in stimslating sarly
flowering then either rewoving wature leaves or detepping. Detoppisg




markedly deloyed flowering, vhile removing mature leaves temded to
delay flewaring, but not to the extent moted with the detopped plamts.
Removing the ismsture leaves after fowr, five, or six trifeliclate leaves
had vesched maturity stimslated earliest flowering. Visher observed
that the plsate which flowered eariiest flowered at lower nodes and
more profusely, snd flowerimg st lower modes was sorrelated with
earliness of flowering.

De leoww (3) results shows that the tomate sesdlings which
were completely and contissousiy defoliasted, but with their cotyledons
intast, were able to imitiste and develop flower clusters. This tvest-
ment moreover advamced the flower imitistion, shortemed the period
from mecroscepie {lower primovdia to the opening of the first flower
and increased the number of flowars.

mpudu-(wsamo:mwniwmw
fivencing tomate earliness. MMM&‘*.‘M
in the first cluster incveassd with the removal of fscressing nwsbers
of young expending leaves, up io aad includiag those sbeve the fourth
aode. The dute of the first bloom was alse eaviier with the removal
of young smpanding leaves, the greatest effect being obtained with the
resoval of leaves above the third sede. The vemoval of the mature
leaves had an apparent imhibitory effest om the date of first bloem.

Leopold and Lam (14) comsluded that ia the intsct plamt
the young expanding leaves appevesmtly de ishibit the mumber of flowers
and the esriiness of bloom im the first flower cluster, the leaves at
the fourth, fifth, and sinth sodes having the greatest ishibitery
effect. A suggestion of an opposite effect for mature leaves is slse
svidant.



Chapter 111
METRODS AND MATERIALS

The experiments favelved ia this study of jolatless gene
fo tomato were sonducted both 1in the grecchouse and in the field.
The purpose of the greenhouse experiments was te obtain emvironmestal
sontvol over the plasts for accurate weasuressats. The field plets
were planted to obtain informstion under sstwral grewing cemditions
sad to have larger populstions than were possible im the greeshouse.

Greeshouse sxpetriments
Gresshouse trials were conducted during 1961 to obdserve T

sad ¥y progenies of test crosses between a joistiess variety, Dwarf
Champion, and twe jointed varieties: one determinate, Fiveball, and
one iadeterminate, Rutgevs.

nmm
The following crosses were previously made by Dr. 2. L.

Foskett:
&, Dwarf Champion x Rutgers. (G-60-129)
b. Rutgers x Dwarf Champion. (0-60-108)
¢. Dwarf Champion x Fiveball. (c-60-127)
4, Tireball x Dwarf Champion. (0-60-121)
o. Puck x Rutgers. (6-60-132)
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The F; plants were planted im the greeshouse during the spring
of 1961. Twe plants of cross g and four plants each of crosses ), ¢, 4,
and @ were planted, The four varieties wsed as pavests, Dwarf Champion,
Rutgers, Fireball, and Puck, were also planted at the same time as the
7;'s for comparison. During the growth of the plants all the awiliary
buds which developed were removed and the plants were staked because of
limited growing space. The following data were resovded:
a. Number of nodes oun the main stem between the cotyledons
and the first inflovescence.
b. Nusber of leaves between the firet and second
inflorescence.
¢. Number of leaves between the second and thivd
inflocescence.
4, Nusber of flowers ia the fivst inflovescence,
. Buber of flowers in the second {aflorsscence.
£, Tuwber of flowers in the third iaflovescesce.
8. Pedicel type (Jointiess or jeinted).
Sesds were collected after fruit ripeming and seeds frem
sll plants of each pedigres were bulked together and saved to produce
Fa plemts,

_!_‘g-muu

73 seeds from the sbove mentiomed F; plants were planted
in the greenshouse on July 12, with each progeny planted iam a separate
four inch pot. Oa August &, the seedlings weve transplanted iate benches
in the greeshouse vith approximately ome square foot allowed for each
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day temparature was held te spproximately 75°F. The suxilisry buds
were vemoved.

In addition to the data which were recorded for the Fy
plants, the ¥; data also included the date of the opening of the first
flower of esch plant and whether or wot first and second inflovescences
ware leafy.

A second replication of the same Fy progenies were planted
on September 29 and the seedlings were transplanted inte the greeshouse
benches on October 19. The savirommental conditions were similar te
these ia the first replicstion. Data were recovded for the same ob-
servations mada in the first veplisation. A teotal swsber of 134 plents
were planted in the first sad second replicetion. The musber of ¥,
end Fg plants of ecach progeny and the parents are shows in Table 1.

Leaf removal experiment
It was decided to conduct an experiment omn jointless material

similar to that conducted by Leopold and Lam (14), vremoving the young
expanding leaves above the fourth node. Since Leopold and Lamobserved
that the grestest response te young leaf removal appeared in late
flowering, iadeterminate varieties, snd since the jointless character
induces late flowering snd extreme {ndeterminatensse, it was considered
to de of interest to test the lsaf removal treatment on jeintless
materisl.

This trestment was made to test its effect on the esarliness
and the nwber of flowers per inflovescence in F3 generation of the
cresses between Dwarf Champion and Rutgers amd betweem Fireball snd
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Table l.-«PLANTS USED IN GAZEWNOUSE PROGEWIES OBSERVATIONS.

Pavents, ¥y and ¥y progeaies _____Nwsber of plente plaated in

Spring Susmser Fall
196] 961 A%

Payents
Dwarf Chempion & 6 1]

4 2 10
FPirveball 5 & ES
Puck % S ?
ﬁm
Puarf Chempion x Rutgsrs 2
hutgers x Dwarf Champioa &
Dwarf = Fiveball i
Fireball x Dwacf Chanpion &
Puck = Rutgers &
3 progeny
Pwarf Champion x Rutgers 10 &
Rutgers x Dwsrf Champion 2 12
Duarf{ Champion = FPireball 6 ik
Piveball x Dwarf Champion 8 &
Puck u Rutgers 6 14
Total = 3 8l




Dwarf Champion, Dwarf Champlon variety was used im these croeses as
a source of joiatlisns chsracter. The seeds wers plamted on October 17,
1981, Afcer the firet two lesves appesred, the sesdlings weve Cramms-
planted into sin iach pols, one plant per cach pot. Three replica-
ticns were grows st appromimetely 65°F night tempersture. Sach
replicstion imcluded two plots composed of the two Fp progesiss.
Within esch plet were two sub-plots composed of seven pots sssh. The
young expanding leaves of the plante ia one sub-plet were vewsved above
the fourth mode and the other sub-plot was wsed a2 a comtvel,

The young expending lesves were vemoved as soom a3 they were
largs socugh to cateh with & fisgerssil (about ome-balf ineh long).
The date of flowering wes vecovded ae well a0 the number of flowers i
the fivet inflevescence.

Eisld smpariment - Swmmer 1961

The material grown in the field during the summer of 1961
was & group of Fy populations obtained from Dr. R, L. Foskett, whe
bad previcusly crossed the jeintless variety Dwarf Chasmpion with
breediag line 36-12., Dwarf Champion comtains the genes for jointless
pedicel and dwarf plast type and is phenstypically indetermisate. Line
$6-12 has genes for jointed pedicel, nom-duarf plant type, and fn-
daterminete growth. This line vresulted from selectioms following a
eross betwesn the varfeties, Alpine and Lovan bleed.

Ia the Ty progeny of the cross Dwarf Champion = 56-12, twe
observations steributable te the pressmee of the jointless gens were
ssted. Ose cheervation was that ia the F2 populstion some of the joimted



plants, but mone of the jointless ones, were typically determinste ia
having only one or twe lasaves detwesn the first and secend inflovescence.
This vesuit was mot expected, simce both Dwarf Chempion and 56-12 were
phenstypically indeterminste with three lesves between inflorescences.
The other observation wes that, while iadeterminate tomsto plants
sormelly have three leaves Detwaen iaflorescences, many of the jointless
plaats in the ¥; populaticn prodused wore than three leaves betwees
their inflorescences (Table 2).

Sesds from several ¥y plents were plasted in the greenhouse
on April 30, esch progeny being in & separate four inch pot, The
soil esed was & greenhouse petting soll composed of 2 part loam, | part
sand, eud 1 part pest. The grecshouse aight tespersture was 65°7,
Table I chows the mumber of sseds planted from sseh of the F, plasts
and the per cest germination of cach of these progenies.

After the firet tw leaves appeared, the seedings were trame-
planted iate flate and the plants were grows in the greeshouse with
spproximately twe square isches allowed for esch plamt. On Juse 1,
the plents were transplented in the field at a spesing of six feet
between rows and thres feet between plante i sach row, Ous cup of
Bonre starter solutiem at a concemtration of thres pounds in 50 gallems
of water was applied to each plant at trsmsplanting time. The field
was irrigated the mext moraing.

On Juse &, the field received severs hail damage and 2 a
resuis A7 of the orviginsl §90 plante were lost (Table 2). The
eriginal plan was to get the required informatieon from the main stem
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of sach plant, but after the hail damsge to the vemsining plants it
was decided to obtain the followiang deta as an average of the most
vigorous four branches of sach plent. Dats were reconded for the
ounber of leaves between the first sad second inflovescence, sumber of
leaves between the second and third infloresceace, number of flowers
in the firet inflovescence, nuaber of fruits in the first inflosescence,
susber of flowers in the second inflorescence, mumber of fruits iam the
second {nflorescence, and whether or mot the fivet and second in-
flovescences weve leafy. In addition to these cbservations, it was
soted whether the plants had jointless or jointed pedicels.
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Chapter IV
RESULTS AND DISCUSSION

Grgeshouge emperimeate

71 Results,--All plants of the ¥; progenies of the crosses
Dwsr{ Champion x Rutgers, Rutgers x Dwarf Champiom, Dwarf Champion X
Fiveball, Fireball x Dwarf Champion, and Puck x Rutgers were joisted.
Since Dwarl Champion was the oaly joiatless variety wsed, cowplete
dominence of §+ for jointed pedicels is indiceted.

The data ia Table 3 show how the perents and their F)
progenies compare for various messurements. From these dsta it appears
that the jeintless plants of Dwarf Champion have more modes on the
main stem between the cotyledoms end the first inflovescemce, more
lsaves betwesn inflorescences, and fewsr flowers per inflerescemce them
the plants of the jeiated varieties. TF; progeaies of the crosses ia
which Dwarf Champion was ons perent had fewer modes before the first
inflovescence and greater mmber of flowers.

A mamber of intevesting results appear smoug the F) progemies.
The Dwarf Chaspion plants bad en average of 12 nodes between the
cotyledons and the firet imflorescence. The Rutgers plants hed an
aversge of nine modes. The plants resulting frem & cross between Dwarf
Chanpion end Rutgers, a8 well as those from the veciprocal cress, hed
en average of eight nedes. Similar results were cbtained from crosses
between Dwarf Chempion end Pirveball. While the Fireball plants had an



Table 3.--MORPROLOGICAL OBSEAVAYIONS OF JOINTLESS AND JOINTED VARIETIES AND THEIR F; PROGENIES. WOTATIONS ARE BASED

Parents and ¥; progeay  Bumber Mumber of  Number of Humber of Number of Number of  Number of
of aodes be- legves be- leaves be- flowexs in flowers flovers ia
plants fore first tween ist tween 2nd ist iafl., in Ind 3vd iafl.

iafl, & 20d infl, & 3xd tafl, iafl,

Pareats -

bwar{ Champion & 12 3 2.75 3.7% 2.% 3.5
Rutgers & b 3 3 5.5 7 $
Firveball £ 8 1 1.25 6.50 $.50 6.25
Puck A 7 1 1.50 8.7 G &
¥; progeaies -
Dvarf Chempion x Rutgers 2 8 3 3 6.50 6.50 S
Rutgers = Dwarf Chempioca & 8 3 3 7.75 6.25 L]
Dwarf Champion x Fireball “ 7.50 1.5 1.75 7.75 7.75 7.50
Fiveball x Dwarf Champion & 8.25 1.25 1.2% 7.25 6.25 7.50
Puck x Rutgers % 8.2% 2.75 2.25 9.25 8.7% 9.25
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average of sight sodes, the F; progeny of Dwarf Champion x Pireball
produced 7.50 wodes; and with Pireball as & female paveat, there
were 8.25 wodes.

These resuits indicate that joimtless delaye flowering umtil
there has been more vegetative growth then does the jointed charscter.
This indication is supported by the results of crossing twe jointed,
or normal, varisties. In this case, in which the varieties Puck and
Rutgers were used as pareats, the F; was intermediate between the two
parents in number of nodes before the first inflorvescence. This
m..motmriwmmumumuma
the fivet flower may be due to genes not showing dominsnce, but that
vhere jointless is present, the jointless gene delays flowering and
wasks the genes comtrollimg flower pesition.

The epistatic effect of jeintiess over amother gene is
further demonstrated by observation of the nusbers of leaves between
{nflorescences. The spt gene typically produces three lesves betwess
inflorescences, as ia the indetermisste variety Rutgers, and its allele
8p typically preduced only one or occasionally, twe, Such determinate
varisties as Vireball and Puck are of the genotype sp 8».

When Dwarf Champion snd Rutgers are erossed, the F; preogemy
sre clearly indeterminate, as would be expected from a cross of twe
indeterminate plants. A cross between an indeterminste and a
determinate plant would alse be expected to produce the same results,
since spt is dominant. When Dwarf Champion and Fireball were crossed,
however, the results were mot what one would expect from these
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phenotypes. Dwerf Champion, being phemotypically indeterminate, pro-
duced determinate plaats in the F, of a ¢ross with the determinate
variety Fireball. This strongly indicstes that Dwerf Champion carries
the gesotype sp sp but thet it is masked by j§.

The sumber of flowers per inflovescesce appeared also to be
fewer because of the jointliess character, although from an observation
of the ¥, progeny alone it canmot be determimed that this is not a
characteristic of the variety Dwarf Champion.

¥2 Results.--The data collested from the twe replications of F)

progenies were coubined together for amalysis. The eriginal parveat
varieties were again growm with each replicatiom of Py progenies for

direct comparison.

Hunber of nodes before the fivet infloresceace are showm in
Fig. 1. This figure shows that joiatless plants weually have more nodes
before the first inflorescence than joiuted plants. The first ia-
florescence in jointless plants imitiate after the teanth to the fifteenth
node, while in joiated plants it initiates after the sixth teo the
twelfth node depending on the variety. The means of numbers of nodes
before the firet inflorescence are shown in Table 4. These means show
that in every progeny segregating for jeiatless plants, the wean sumber
of nodes below the first inflovescence is greater for jointless plants
than for joiated.

Huaber of days from seeding to the opening of the fivet flower
of each plaat are shown ian Fig. 2. Ia the F; progenies of the crosses
Rutgers x Dwarf Champion, Dwarf Champion x Rutgers, and Pireball x
Dwarf Champion, where there was segregation for joimtless charscter,
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Figure l,—Number of modes on the main stem between the
cotyledons and the first infloroscemce in Fp

progenies and the original parents,
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Table 4.--THE MEANS OF NUMBER OF NODES ON
COTYLEDONS AND THE FIRST INFLORESCENCE
PARENT VARIETIES,

R e S I M W T T 0 oS | s LR

Parents and ¥ progeny Pedicel Bumber of Nean of number of
type plants aodes before fivet
Aaflozescance
Parents -
Pwarf Champion Jointless 12 12.50
Rutgers Jointed 12 9.58
Fireball Joiated 12 .00
Puck Jointed 12 7.58
F3 progenies -
Dwarf Champion x
Jointless & 12.25
Autgers x Dwarf
Champion Jeinted 11 10.73
Jointless 3 13.87
Pizeball x Dwerf
Champion Jointed 10 16.00
Jointless 6 11.67
Pwarf Champion x
Fiveball Jointed 20 .40

Puck x Rutgers Jointed 2 .40
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Figure 2,-—~Number of days from seeding to the opeming of
the first flower of Fp pregenies and the
origimal parent varieties,
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the jointed plants required from 64 to 71 days until the opening of
the first flower, while the jointicss plamts vequi-ed from 68 to 74
days. In every segregating progemy, the mesn sumber of days from
planting to first flower for the jeintless plants wes lomger then for
the jointed. Purthermore, aithough the varieties Dwarf Champion and
Rutgers ave comsidered to be late varieties, the jointless plants ia
the ¥y progeny from the cross between the twe varieties are later them
the jointed plants in the sasw i1ine. In general {t seems that
jointless plants vequite three to six days wore than the jointed plants
in the seme line.

It was soticed in the Fy progesies that jointless plants have
& limited number of flowers per inflorescence, usually omns to five
flowers in each. Some inflovescenmces of jointless plants first preduce
from oue te three flowers and then contimme growth as normal vegetative
shoots, bearisg leaves and additionsl inflorescemces. The number of
nnm«r,.mmmmmannmm
shown in Table 5. This table shows that wost iaflorescences in joiant-
iess plants have three flowers. It also shows that the jointed plante
in ¥; progenies have & grester mumber of flowers than the jeinted
parents in the original eross, possibly due to heterosis, while the
jointless plants did mot have any response for imcreasiag the sumber
of flowers,

In F3 pregeny of the cross Dvarf Champion = Rutgers, 16
plants were planted, § were jotated and § were jointless. From these
& jointless plants there were & which gave one terminal iaflovescence,



Table 5.--BUMBER OF INFLORESCENCES OF Fy PLANTS AND ORIGINAL PARENTS IN GREEWMROUSE EXPERIMENT PRODUCIEG

VARIOUS NUMBERS OF FLOVERS PER . WOTATIONS BASED ON THE FIRSY THRER INFLORESCENCES 1IN
EACH PLANT,
Pareats snd Fy progemies TFedicel Bo, of inflorescence mean
. Lype plamts 1
Parents -
Dwarf Champion 3 i2 10 14 ] 2 3.09
Rutgers b A3 12 1 iv 2 | 2 4,86
Fireball b g 12 & 4% o 3 & | 5.57
Puck » 12 2 i3 9 1 3 3 6.23
F3 progenies -
Puwarf Champion
= Rutgers » 8 i 1 7 S & 3 1 2 5.5
3 & 4 3 & 3 2.5
Rutgers x Dwarf
Champion b g 11 | 14 4 S 2 2 6.03
b 3 2 1 & 2.44
Dwarf Champion x
Fireball » 20 3 2 -] n 7 2 5 6.07
FPiceball x Dwarf
Champion » 1] 2 2 6 5 7 B 6.32
] & 2 i2 4 3.1
Puck = Rutgers ¥ 20 3 16 % 11 13 7.44
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with one flower im each, accompanied by & large leaf, The peduncles
of these one flower inflevescences appeared to be comntimustions of the
main stems. It was alse uneticed thet the calynes of these fiowers
wvere longer than normal ones and were similar to the character macre~
ealyx (mec).

When Dwarf Champion as the female parent was crossed with
Ficeball as the male pavent o jJointliess plants were obtained from a
total of 20 ¥, plaats.

It was observed that the leafy inflorescence cheracter wes
completely associated with jeintless pedicels, Some jointless plamts
had leaves on one inflorescemce and the rest of the inflorescemces did
not heve any leaves or yice versa. Leaves were found om all in-
florescences of most of the joistless plants. Ne jointliess-non-leafy
plants were obtained. Thess results confirm the results obtained by
Rick ond Sawant (21) in 1955,

The jeintless plants were found to be wore vegetative thas
jointed plants and some joiantless plants had sove leaves between
iaflorescences than the expected three of morsal indeterminate plamts,
In ¥y progenies in the greeshouse it was noted that jeintiess plants
had 25 leaves, usually three leaves, between the first and second
inflorescence and between the second and third inflerescence. U¥o
jointliess plants with one leaf or no leaves between inflerescences
were obtained. The mean sumbers of leaves between the firet and second
and the second and third inflorescemce are showa ia Table 6.

It appears that the jeointliess gene suppresses the expression
of the determinate growth character; hemce, the jointless plants lock
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Fivet and Second and

second third

inflorescence {inflorescence
2.92 2.82
3.17 3.00
1.3 1.27
1.08 1.00
2.7% 2,75
3.25 3.5
2.64 2.73
3.33 4.00
1.60 1.5
1.30 1.38
2.5 2.17
2.63 2.m”




like indeterminste plants, having 2-5 leaves between adjaceat
inflorescences, even though the determinste geme sp is present.

Yrow observations of the greeshouse triale, the followiag

conciusions concerning jointless plants were reached:

1. The susber of nodes on the main stem between the
cotyledons and the first infiovescence were 11 te 15
sodes, two to four nodes move than jointed plants of the
same lise.

1. The jeintless plants were three te six days later ia
flowering than jointed plants.

3. Limited number of flowers per inflovescence are as-
sociated with jointliess plants vhich in mest cases arve
three flowers.

4. The leafy inflovescence charactar is associsted with
joiatiess pedicel and at least ome inflorvescence of every
jointiess plant had oune or move leaves.

5. The joiatless gene suppressed the determinate growth
character and in general produced more vegetative growth,

Leaf removal xesuits.--Plamts of the ¥y progemy of the cross

Pireball = Dwarf Champion were used te test the effect of vemoving young
expanding leaves from jointless plants. There were 21 plamts frem
which all leaves above the fourth leaf were removed whea very small, and
21 plants ware left a8 & contvel. Sioce these plants were segregating
for the jointless character, it was sot known until flower buds were well
formed which plants were jointless. Of the trested growp, 14 were
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jointed and seven were jointless. Of the cemtrel group 17 ware
jointed and four were joimtless.

The purpose of this test was to determine whether or mot
soms of the pleiotvepic effects of the joliatless gens, such as few
flowers per ianflorvescence, could be overcome by the asbove msutioned
treatment., According to Leopold snd Lam (14) this trestmeat im-
creased cumbar of flowers per laflorescence and decressed awmber of
days to flewsring more noticeably in extremsly vegstative varieties.
Becsuse joimtless pleats are extremely vegetative, this trisl wes
conducted.

The resulits showa ia Fig. 3 indicate that leaf vemoval was
effective in increasing the number of flowers per imfleozescance of
jointed plaats. The mesn mmber of flowers ia the control growp was
4.77, and this munber was fucreased in the trested group to 6.14,
This sams trestment, however, did not appear to be effective in
incressing the sumber of jointless flowers. The mesn of the centvel
group was 3.35 flowers, wheress, the mesa of the trested growp was 2.71
fiovers. The wedal mmber in both ceses wes three. Of the sevea treated
jointless plants, six of these produced three flowers on the fisst
inflorescence, the same number of flowers a» were freguently escountered
among jointless plants ia ether parts of this study.

There was mo striking effect of the treatment on carliness
of flowering, as seen in Fig. 4. Deceuse of the small population
sunber, & statisticsl snslysis weuld be mesningless, sithough it might
be noted that among both trested and control plante there wes & slight
decresse ia the mess samber of days before flowering.
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Figure 3,-~F, progeny of the cross Fireball x Dwarf Champion
the number of jointed and joimtless plants
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In general, removal of young expanding leaves abeve the
fourth node did not appear teo increase the mmber of flowers per in-
florescence in jointless as it did in jointed plamts, but it appeared
to effect on the carliness slightly ia both types.

Iisld trial sesults

The phemotypic raties im the field trial for tall and dwarf,
jointed and jointless, and indeterminate and determinate im progeaies
of more than 11 plants that were segregating for these charscters are
shown in Table 7. This teble indicstes that since segregation was in
the expected 3:1 ratio for sach character listed, the hail damage
mentioned im the materials and methods section did mot selectively kill
suy one of the phenotypes.

Sumber of leaves between the first and secomd infleorescence
for jointed and jointless plants are shown in Fig. 5 and Table 8. It
is clear that where the jointiess character is present, the plants tend
te have more lesves between the inflorescences than jointed ones. The
sean sumber of lesves between the first and second inflorescemge for
all joistiess plants in the trial is 3.30 and for jeinted plants is
2.37 leaves. This would not be expected from independently segregating
genes, if § effected culy pedicel abscission layer sad sp effected
only plant type. The gene gp is located on linkage group IV and | is
on linkage grouwp V (24), precluding the possibility of liskage.

Table § shows that joiantless plonts derived frvm determinate
parents (lot awmbers 24, 59, 61, 66 and posaihly 46) had sverages for
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Chserved Expected Chi for
phenotypic ratio geodness of fit
ratio
Tall B a3
0.121
Dwarf 10 1
Joiated s 54
0.667
Jointless 2 18
Indetemminate a2 21

0.191
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Figure 5,~Humber of leaves between first and second
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each plant of two or three leaves Detween inflovescences. No jointless
plants with an average one leaf between inflovescences was obtained,

A few plants had one leaf between two inflorescences but three or wove
ieaves wore always found betwees other inflorvescences of the same plamt.
These results confirm the greeshouse results, and they
emphasise the observations that the jointless gens suppresses the ex-
pression of the determimate growth charecter, evem though the determinate

gene sp is presest.

A comparison of the distributions of awbers of flowers per
faflorescence among jointless plants and jointed plamts is showm in
Fig. 6. The populations uwsed were 450 jointless inflovescences and
480 joimted inflorescences, obtained by observing four inflorescences
from each of the 120 jointlass plamts and 120 randomly selected
jointed plants in the field trial.

The renge of flowers per iaflovescence smong jointless in-
florescences was from one to five, while the range smmwoag jeointed
inflovescences was from two to eight flowers. Differences in distribu-
tion, however, ave more striking. Examinstion of Fig. 6 showe & great
abundance of jointlese inflorescences falling iate one class. Of the
430 joistless inflovescences, 244 had three flowers. Thus, 350.83 per
cent of all jeintless inflovescences had three flowess.

The distvibution of jointed infloresceaces, on the other hand,
wore nearly spproached @ novmal distridution. The medal owsber of
flowers in the jeinted inflorescences was four, and there was 184
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or 38.33 per cant of the jointed population, in this group. Desides
the effect on distribution, these data imdicate that the jointless

gene | may have & suppressiag effect on the number of flowers. Theve
vas a sigaificent difference between the mean vumber of flowers of

jointless inflorescences and of jointed.

Cne of the intervesting vesults is that the jointless plants
had & higher per ceat of fruit set thaa jointed plamts. Fig. 7 shows
the frult set for the same inflovescences showa in Fig. 6. Fig. 7
shows that the susber of fruits per inflorescesce is vanged from O te
5 for jointless plants and from O co § for jointed plants. The meen
sunber of fruits per iaflorescence wes 2.99 for joimtless plants and
3.16 for jointed ones. VWhile there wers slightly wore fruits per
iaflerescences among joisted inflorescences than smong joiatless, the
percentage of flowers that set fruit was higher ameng jeintiess plante
than among jointed (Fig. 8). The 480 jointless inflovescences produced
1,566 flowers, of which 1,436 (91.7 per cent) set fruits. Om 480
jointed inflorescences, 2,006 flowers were produced and 1,519 of these
(72.8 per cent) set fruita. PFig. 6 shows also that although theve was
a sigaificant difference between jeintless and jointed plsats ia
oumber of flowers, this difference became less appareat in cumber of
fruits set by the plants. Feor perceantage of flowers setting fruit, the
situation is reversed and jointless plants set & higher percemtage of
fruits. 1t was boped that the fafluence of the jointless gene on fruit
size could slse be determined, but the spring hail and an unusually
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Figure 7.~Distribution of inflorescemces having differemt
mmbers of fruits, Hotations are based on four
inflorescences from each plant, The two populations
are the 120 jointless plamts in the field trial and
120 rendomly selected jointed plants,
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Figure 8,—~Distribution of inflorescences having different
mmbers of flowers and fruits, notations are
based on four inflorescences from each plant,
The two populatioms are the 120 joimtless plants
in the field trial and 120 rendomly selected
jointed plants,
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and wet summer reduced yields below the lavel necessary for such &
study. These results indicste clearly, however, that jointless gene j
1imits the number of flowers per inflorescence and increases fruit set
percentage.

leafy inflorescence character was very clearly associated
with jointless pedice! character. Data were recorded for eight in-
flerescences from each plant. Frem a population of 120 jointliess
p!mmﬁlmiulm-nmhlm.mﬂmuum
leafy inflorvescences, aine had four, nine had five, 18 had six, 41 had
soven, and 40 plants had leaves on all the iaflovescences. Wo
jointless -non-leafy plants were obtained., Withim & populatien of 120
jointed plants 64 plants were non-leafy, 29 had enly one leafy in-
!W.ﬂnlﬂm,mﬂmiﬂm.-ﬂmmm.
These results are shown as a per cent leafly inflorescences im Fig. 9.
These results coincide with greenhouse results, previcusly mentioned,
and both confirm the results cbtaimed by Rick and Seweat (21).
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Figure 9.,~~Number of joimtless and jointed plants in field
trial containing varying percentages of leafy
inflorescences, Eight inflorescences on each
plant were counted, The two populations are the
120 jointless plants in the field trial and 120
randomly selected jointed plants,
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Chapter V
STIMARY

The phenotypic effects of the tomatc mutant jeintless |,
obtained fvom the variety Dwerf Champion, were studied, Although
Pusrf Chempion was phemotypically indetsrmimate, it wes found by crvoss-
ing with both determimate snd indeterminmate joimted varisties thet thie
joiatless variety sstuslly comtained the genes for determinste growth.
The effects of the determinste gene were found to be mesked by the
presencs of the jeimtless chavaster,

Thers were fewer flowsrs par inflovescence on jeistless
plants tham ou jointed plants im all progenies and treatments i the
study, It wes alse noted thet the sodal sumber of all jointless
populstions was three, This susber remained constest is F3 pepuistions
regardiese of jointed parest. It was also mot Locressed by removiag
lseves after the fourth sede, s treatment which iscreased the number of
flowere ia jointed imflorescemees.

Although the jeointliess character decreased mumder of flowers
per inflorescence, the percemtage of flowers settiang fruits was higher
omong jointless plants than swong jeinted. This resuited in almost
as wany fruits per iaflozescence emomg jointless plants as emong
jointed,

Bumber of days watil the opening of fivet flower and mumber
of sodes before the firet inflorvescemce wers in all cases grester amoang



o4

jointless plants than among jointed. Leafy inflorescence was also
associated with jointless plants. Eight inflorescences were ob-
served from each plant in the field study. In this study all
jointless plants had some leafy inflorescences and all the
observed inflorescences were leafy in 33 per cent of the jointless
plants. On the other hand, 70 per cent of the jointed plants had
no leafy inflorescences and no jointed plants were found with more

than four of the eight inflorescences leafy.
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A study of the pleiotropic effects of the jointless
gene in tomato (j)) was comducted in both the greenhouse and
the field. This gene was found te mask the determinate character,
controlled by a single recessive gene (sp). This effect was
found by crossing the phenotypically indeterminate and jointless
variety Dvarf Champion with known indeterminate and determinate
jointed varieties. The §, of the cross with an indeterminate
variety was indeterminate, but there were determinate segregates
in the F; progeny. Furthermore, the F; of the cross with a
knowa determinate and no indeterminate-jointed plants were ob-
served in the Fy generation. All jointless plants in this study
were phenotypically indeterminate.

There were fewer flowers per inflorescence on jointless
plants than on jointed plants in all progenies and treatments
in the study. It was also noted that the modul aumber off all
jeintless populations was three. This number remained constant
in ¥y populations regardless of jointed paremt. It was alse not
increased by removing leaves after the fourth node, & treatment
which increased the number of flowers im jointed inflorescences.

Although the jointless character decreased number of
flowers per inflorescemce, the percentage of fliowers setting
fruits was higher smong jointless plants than among jointed.
This resulted in almost as many fruits per inflorescence among

jointless plants as among jointed.



Number of days until the opening of first flower and
number of nodes before the first inflorescence were in all
cases greater among jointless plants than among jeinted.

Eight ianflorescences were observed from each plant in the field
study. In this study all jointless plants had some leafy
inflorescences and all the observed inflorescences were leafy
in 33 per cent of the jointless plants., On the other hand, 70
per cent of the jointed plants had nmo leafy inflorescences and

ne jointed plants were found with more tham four of the eight

inflorescences leafy.
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