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INTRODUCTION AND LITFRATURE REVIEN

Among the large nmumbers of tomato seedlings grown at the U, S.
Regilonal Vegetable Breeding Laboratory, Charleston, South Carolina,
occasional seedlings were found with either notched, clefi, or appa-
rently increased nmumbers of cotyledons, No special attention was paid
to this occurrence, which is commonly known by those who grow and obe
gerve large numbers of tomato seedlings, until uwmusually hich percen-
tages of those forms were observed in some fourth generation hybrids
from a cross, Lycopersicon pimpinellifolium (Jusl.) Hill, x L.
esgulentum Mill, var, Marglobe, In certain of these populations the
abnormalities appeared In as high as 30% of the secdlings., This fact
suggested that the condition was inherited. Since no mention of plu-
rality of cotyledons was found in recemtly published lists of inherited
characters in tomatoes, MecArtimr (125) and Boswell (25), it was de-
cided to investigate this easily recognizable character.

The objiects of the siudy were to determine, if possible, the
inheritance patiern of the character and any association between such
cotyledon characters and other morphological features of the plants,
particularly those having to do with greater yield. It would be of
value, for example, to know whether these individual seedlings which
appear in commerclal tomato varietles should be disearded because they
vwere associated with inferior stock, disregarded because of equallty
with normal seedlings, or saved as superior stock,

A complete dlscussion of the extensive literature on polycoty-
ledony was impossible in this report since a great majority of the
refercnces were but brief notes reporting the sporadic appearance of

the condition in wvarious species of plants. liost of the reports were



published in Europe during the 19th century. The last literature sur~
vey dealing exclusively with polycotyledony was made by Duchartre (5&)
in 1848, Pengig (156, 157) in 1921-22, deacribed teratoloyical phe-
nomena, including instances of polycotyledony in eprroximately 145
species of planis, but did not pive special attention to the character.
The lack of a complete review of the subject has lod many recent inves.-
tigators to undersiate the fregquency of the oecurrence of polycoty-
ledoryy. Bota Litovehenko (119) and Purkayastha (158) wade this error,
the former finding reference to only 50 species of wild and cultivated
plants in which there were reported to be polycotyledons. The suthor's
reviow of the literature revealed that the phencmenon is quite frequent.

The frequency is shown In TABLE I, which is a summary represent-
ing the minimum muber of specles exhibiting polycotyledony. There
were without doubt many more which had been observed without teing re-
corded and others possibly reported in publications not located in
this survey. It was evident, however; that polycotyledons are wide=-
spread among Dicotyledonous plants, since a total of 295 species in
68 families is included. It should also be noted that the two largest
plant families showed the largest numbers of polycot species.

In addition to the reports on the presence of these forms, many
investigators described the range of the phenotypic expression of the
condition, ncting the wide varistionas found. This wveriation has been
most completely analyzed, however, by DeVries (158, 199) in 1902-03,
Hie classification, which has been generally foliowed by iater workers,
follows: The most cormon form is the iricotyledon which has three
separete cotyledons., The next is the hemitricotyledon with one normal
and one split cotyledon, the latier of which assumes s8]l concelvable



TABLY T

The ocowrrence of polycotyledons among families of Dicotyledons.

colRRREREBER

ﬁa. of pnlyuot species

Frimiacoas
Rutaceae
Chonopodiaceae
Buphorblaceae
Onagraceae
Agerecese
Campamilaceas
Papaveracese
Fagaceae
Juglandacoae
Urticaceas
Convolvulaceae
Geranisceae
Labiatae
Lawrsacese
Loranthaceae
Malvaceae
Pittosporeae
Folemoniaceae
Polygomaceae
Rubiacose
Tiliacese
Amarantaceae
Balsaminaceae
Boraginaceac
Caprifolisceas
Crassulaceae
Dipseceae
Claciness
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Resedaceae
Salicaceas
Ssxifragaceae
Stereulliscose
Valeriansceae
Varbenaceae
Ampelidaceae
Anscardiacease
Aquifoliaceae
Berberidaceae
Betulaceae
Cactaceae
Combretaceac
Carnacene
Ebenacesas
Exricaceae
Gentianaceae
Rydrophyllaceas
Iinese
Lythraceae
#alpighiaceae
P}yriacess
Papayaceas
Pedalineae
Plantaglinacese
Fortulacaceae
Sapindaceae
Violaceae
Zygophylleceae

,000
7,000
1,000
1,600
1,500
1,350

680

1,500
?ﬂ@
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degrees of division from & slight notch to almost complete separation
into two membters. Much less frequent than the first two forms are the
totracotyledon, with four cotyledons and the

latter has three cotyledons, one of which is split, or twe cotyledons,
both of which are split. Complete series illustrating these types
were described by him in Acer Pseudoplatanus, Amaranthus speciosus
and other species. Comparison of this series with those described in
many other ;enera by numerous investigators (e.g. 13, 143, 149, 212),
showed a striking similarity between them,

In order to more fully describe or to explain the morphologiecal
variations, several investigators also studied the vascular systems
in normal compered with polycotyledonous plants, This was done as
early as 1868 by Junger (10l) who noted two "mldveins" in tricotyledons
instead of one &8s in normel "dicotyledons® of the same species. More
extensive work on this phase of the morphology of polycotyledons was
done by Compton (46), Harris et al. (86) and Bexon and Woed (14). No
reference;s wore found which described abnormal wvascular supplies in
tomato cotyledons, but the normal disposition of the veins was des-
cribed by Woodcock (210) in 1936, who found that 4wo principal veins
goe to each cotyledon.

In addition to various forme of division of the cotyledon and the
changes in the vascular supply, a third morphological feature was re-
peatedly described in the literature. This was the alteration in the
leaf placement or plyllotaxy in polycotyledoncus plants. Among those
citing such changes were Junger (101}, Winkler (205) in 1875, Lubbock
(121) in 1892, and ¥Weisse (203) in 192)1. Recently the idea of the
asscciation of leaf placement and increased leaf area, with the



possible increase in yleld, has been brought to the fore. The report
of Litovchenko (119) indicated that increased yields and largsr leaf
mubers were assoclated genetically wlth the appearance of polycoty-
ledons. The increase was noted in the total number of sceds from tri-
cotyledonous castor bean plants (Rieinus corrpmis) and in the total
weight of sugar and fodder beects (Betg wulgaris). In the latter he
glso noted an inerease in the total number of leaves which rosulted
from altered phyllotaxy in tricotyledonous plants, Any such increases
would probably be valuasble to beets and leafy vegotables such as lete-
tuce. It would also be of importance to tomato plants in the southern
United States, where leaf coverage is often of criticsl importance in
rrotection of frults from sun scald.

From the very earliest history of polycotyledony, attempts have
been made to secure strains which would show 1009 phemoctypic polycoty~
ledony. Winkler (205) in 1875, after many carefully repesated attempts,
found that he was unable to locate any single sample of seeding in
which all the plants manifested this form. Cevidalli (42) in 1900
found polycotyledonous races of beans (Phaseolus yulgsris) and in se-
lecting for greater percentages over a period of five years observed
the following percentages: 5%, 20%, 304, 60% and 93.83%.

Probsbly the nmost comprehensive contributions to the subjecti of
polycotyledony, particularly regarding selection, were made by DeVries
(198) in 1902 and later, He studied the subject over a period of nore
than 10 years and his prinecipal conclusions were:

1. The condition expresses itself in a gontinuous gerieg from
nornal (Phenotypie) dicotyledons to plants with three or more coty-
ledons. Tricots, hemitricots and tetracots are thus expressions of



the pame condition. Hemitricots are not hybrids between phenotypic
dicote and tricots,

2, There are two rrincipel forms of polycoiyledonous races. The
first, the Halbrasse, has low percentages of abnormal seedlings, rarely
going over 5% in spite of long continued selection. The second, the
Mittelrasse, has approximetely as many polycots as dicots and may, by
selection, be brought up to percentages over 90. It is not possible
to tell from the appearance of any individual seedling to which of the
o forms it belongs. To do this its progeny must be examined,

3, All exprezsions of polycotyledony are found in both of the
forms.

He gave an example of the first form in & line of Oenothere
lemarckiana rubrinervis, which, after being inbred for four gemerations,
varied in polycot percentages only from 0.3% to 2.8¢. On the other
hand, exemples of the second form showed results as follows:s

Generation and percentages of polycotyledons

First _Second Third
Clarkia pulchella 16 & 79
Phacelia tanacetifolis 1 58 90
Papaver Rhosas 20 56 75
Helichrysum compositum FA S 51 —

A definite conclusion which DeVries emphasiged was that it was
futile to attempt to establish lines 100% polycotyledonous, since the
apperentiy normal seedlings were in reallty a part of the series show-
ing the visible changes.

A final example of the attempte at such selection was given by the
work of Munerati and Costa (145) 4n 1933-34. They stated that in trials
lasting over a period of twenty years, it was impossible, in splte of
over 1,000 plantingsof beect seed, to obtain a pure race of polycoty-
ledonous seedlings. They noted, however, that the character lncreased
in frequency es a result of crossing one "deviating” line with another.



The above evidence waz ample proof that polycotyledony could be
increased through selection, but it must be pointed out, at the same
time, that the actual genetic situstion was not brought mueh nearer to
a solution,

In spite of the fact that the tomato has been the subject for many
inheritance studies, reference to polycotyledony in tomatoc sesdlings
was exceedingly rare. Pensig (155) in 1894, under Lycopersicum esgu-
lentum Mill,, stated, "Herr Dr. Rostan sandte mir Keimpflanzen mit
drei Cotyledonen." Agrelius (4) stated, "Out of /28 seeds of previous
dicotyledonous plants of Lycopersicon esculentum (ll. but 5 were tri-
sotyledonous, or just over 1 per cent...., ." Gates (76), reporting on
the later behavior of the tricotyledomns mentioned by Agrelius, remarked,
“From the 106 seeds cbtained from two tricotyledonous seedlings of to-
mato in the greenhouse at ﬂaﬁhattan by P. R. White, no, or only very
poor plants were obteined, not one of which was tricot;ledonous.™
HacArtine (124), in 1934, speaking of progenies which were derived from
X-rayed plants, stated, "One progeny had 25% polycotylous seedlings,
but this tralt seems to be unfixable.? These references Indicated
fallure Yo inerease the incidence of polycotyledony through selection
in tomatoes and gave no definite information on its inheritance.

From the preliminary observations made on tomato seedlings at
Charleston and from the indications in the literature concerning in-
heritance and possible yield variations associated with polycotyledony,
it seemed probable that a careful study of the material on hand might

establish more concrete relationships between these features.



Seedling studies. In order to determine the range of expression
and frequency of polycotyledomy, the assoeisted morphologiesl features
and the inheritance pattern, it was necessary to examine thousands of
seedlings. Seeds of commercial tomato verieties from the United States
and Burope, of Lvcopersicon species and other foreign accesslons,
largely from South America, and of hybrid populations, were planited in
sandy soil in flats and the records taken six to twelve days later.
Crosses were made in a screened greenhouse,

Meture plant studies. Plants derived from commercial seed of
Marglobe and Rutgers, in which polycotyledons occasionally appeared,
were used in a test of leaf and fruit number., A fileld planting was
nade in the fall of 1942 at Charleston, 3., C. Flants of lmown coty-
ledon phenotype were used. They werc set in gix-foolt rows, five feet
apart in the row, six plants to a row. The rows were arranged in five
randomiged series, a row of Marglobe and a row of Rutgers included in
each series, Within the rows, three normal plants altcrnated with three
polycot plants., Two other separator rows were included in esch series
to aid in the randomization but only the data from Merglobe and Rutgers
rows were used in the anglysis of the results, The entire planting was
bordered by Rutgers plants. Leaf counts were made at several intervals
during the plant growth but only the finsl values, leaf numbers of
the mature plants, were used.

To avoid complications which might srise from disesse or other
causes, all fruits were picked on the same dey, were separated into
large, medium, and swall sizes, and counted. These three groups were
referred to as early, mid-sesson and late, respectively. Total weight
of fruits from each plant wes recorded in grams,



RESULTS

fication of the seedlings according to cotyledon type revealed that
meny intergrades were distinguishable, The seven principal types,
Pig. 1, were found tw closely resemble corresponding types in other
genera,

During the detailed study of the seedlings, the five types, C to
G, Tig. 1, were divided arbitrarily into nine classee shown in Fig, 2,
and were known collectively as polvcotyledons
more clegses were actually detected 1s indicated in Fig, 3, in which

several gradationg in the division of a hemitricotyledon are shown.
Actual remrosentatives of sevoral cotyledon clessos are pletured in
Figs. 4 and &5,

The appearance of seoversl cotyledon classez raised the question
of the rolative frequency of each., This was determined by anslysis of
hundreds of populations and may be shown by an example from the cone
plete classification of a group of porulations which ariginated in a
fanily with high percentages of polycotyledons, TABLE II,

The resulte in this table indicated that the various cotyledon
phenotype classes of the parent plants, listed in the first colum,
were not exclusively romroduced in the progemies. This is shown Yy
the numbers in each class in the last nine columns, For exsople, the
first parent plant with noramal cotyledons, gave seedlings with eight
different phenotypos in sddition to normals., Also, the first hemie
tricot parent plant of clsesa 5, produced in 100 seesdlings, not only
several of clasa 5, but some in each of the cther polyeot classes,

It also produced 63 seedlings phenotypieally normel.



Figure 1.
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Geven prlnelpel types of tomto cotyledon

Fsoudo-monocot

Dicot (normml)

Homitricot

Tricot

Hemltetracot (two cotyledon®©, bot!% cleft)
Memltetracot (throe cotyledons, one cleft)
Tetraeot
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Figure 2. Normal ootyledon (H) end nine classes of Folyeoty-
ledony used in classification of t<m&to seedlings (1 to 6, only the
ahsonsal cotyle”km shosn; 7 to 9, all cotyledons) *

Slasfi
1. Veins separate near apex of cotyledon blade,
2. Veins separate near center of blade.

3. Veins separate at or near base of blade, apex slightly notched or
not notched.

divided; or two cotyledons, botji of idiich are divided.
9. Four entire cotyle”ms, arising separately fnm axis.

4. Notched 1/4 distance from apex to base of blade.

5. Cleft to center of blade.

6. Cleft to base of blade or into petiole.

7. Three separate cotyledons, arising from distinct points on the a*is
8. (Two types classed together). Three cotyledons, one of which is



fi0Oxpe 3. The haedtrioolyladim in tomatoes.
gradations between dioot end trieot phenotype.

Eleven of the
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Tru”eo tornnto pltZiita fro; Ea?le ":iaflIatlon!
tetracol , rilcoi, anf tricit.



Figure 5. Five potted tomato plants.
hemitricots; right, two hemitricots.

left, a tricot and two

14
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TABLE II

Commlete classification of 1,934 fifth peneration seedlings fronm 15
fourth peneration plants of known ca‘t;fladon phenotype, F, Fo T VR B B T

Parent  Total Total Total % Distribution of polycot aefaélingsl
co@liadan sged= nor- poly- poly~ ¥ ot

cots  cots

Normal VY 32 22,2
Normal 96 35 61  63.5
Normal 187 91 96 51,3
Hemitri-
gm 179 88 91 50,8 3 13 12 32 7 6 17 1

8 4 44 518 5 5 4 7 5 2 10 6
4 112 43 €9 €66 3 7 5 20 & 7 13 8
4 56 29 27 48.2 Y 4 4 7T 2 4 4 1
4 66 1, 2 78.8 2 3 4 16 10 6 7T 4
4 120 40 80 6.7 2 8 5 21 13 10 8 11 2
5 100 63 37 370 1 5 4 5 5 5 9 2 1
5 159 16 143 899 1 4 10 32 16 15 38 25 2
Trzmta 53 A 18 30,8 2 2 4 7 1 1 1
7 179 R OLT 81 2 12 7 45 11 7 26 37
7 112 15 97 B6.6 1 3 15 6 1 27 3
Hemitet-
racot
8 280 15 265 94.6 11 7 2 51 33 29 66 65 1
TOTALS 1,934 675 1,259 36 98 &4 313 133 3‘%?%53 211 7

1 Low nunbers, minor cotyledon division, higher mumbers deep
splitting., For detaile, see Fig, 2.
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It was slso evident from the totals at the bottom of the columms
at the right, that the tricotyledon, (classes 6 and 7) represented by
377 seedlings, and the slightly cleft hemitricotyledon (class 4) rep~
resented by 313 seedlings, wore the types most frequently found., The
tetracotyledon (class 9) was only rarely found.

It should be noted that polycots occurred in all fifteen of the
progenies listed, The fifteen were taken at random from thirty or
more plants of the F; parent population. This feature was typical of
such populations, in that every plent invariably produced polycots and
that the percenbtages produced always showed differences. Any line of
this nature was desipnated a Ypolycot producing line.®

In the examinatlon of the cotyledons in the present study, in
which over 100,000 seedlings were classified, no seedling was observed
with more than four cotyledons and in those with four, each cotyledon
was entire., Apparently, tetracotyledons are the extreme type of poly-
cotyledony in Lyccpersicon.

At the other end of the range of cotyledon types were found ex-
tremely rare seedlings with apparently only one cotyledon, Fig. 1, A.
These were, in each case, clearly formed of the whele component of two
normal cotyledons., Seed from one pseudo-monocotyledon, which had ape-
peared along with 79 normal seedlings from the same source, revealed
nelther pseudo-monocotyledons nor polycotyledons in 268 seedlings.

For this reason, this form was not included as a part of the expression
of polycotyledony.



17

Yenation of the cotyledons.. A study of venation of normal coty-
ledons and those with verious phases of polycotyledony revaaled_ some

differences. In the latter there was often a marked divergence of the
nain veins in the cotyledon blade and often in the petiole, Fig. 6,
This figure also showed that there ware four principal veins, two in
each cotyleden, That four was the normal mwber was indicated by the
fact that in a normal seedling there were also two pairs of veins,
Fig. 7. In seedlings with more than two cotyledons, there was a change
in the disposition of the four veins., For example, in a tricotyledon,
with three cotyledons arising separately from the axis, one had two
veins and the other two had one vein supplied to each, Pig. 7. Thus
the total supply was again four principal veins, regardless of the
mumber and form of the cotyledons, This was found to be true in all
seedlings examined.
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Figure 6. Tomato cotyledon venation. Two cotyledons of a heid*
tricot, each with two principal wveins visible in the petiole. Uote
divergence of veins in the xxppor cotyledon compared to that of the
normal or entire cotyledon.
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PlgiiTG 7, Tomato cotyledon venation, Upper, three cotyledons
from a phenotypic tricot, tdo veins In m"bor at right, one in each
of members at left. (Mote Ospecially at and near base of petiole)
Lower, two eot”riedons from a phenotypic dieot, two principal veins

in each cotyledon.
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The occurrence of polycotyledony in Lycopersicon. In the coty-
ledon classification of tomato seedlings, 497 different varieties and
foreign accessions were examined. In 109 of these, polycois were obe-
served, usually in samples of only one or twoe hundred seedlings,

TABLE ITI. A total of 17,299 seedlings was included, and of these,

290 or approximately 1.7% were polycots. TFrom the 388 additionasl lines,
none were found in 24,776 seedlings. Many of these lines were repre-
sented by only two or three dozen seedlings and it is probable that
several of them would have shown the abnormal seedling forms if more
had been observed. In all these cobservatiocns, there were no pure lines
of polycotyledons.

Among the 109 lines showing polycotyledony were specles of Lyco-
pergicon other than L. esculentum. Some of these have been designated
in TABLE III, following the V. B. L. numbers 7 and 8, 533, 541, 545,
550 an@ 764. The nomenclature follows that of Muller (140). In addi-
tion to the above species, the Cherry variety and Pear form of L.
ssculentum contained oecasional polycots. Ko polycois were cbserved
in approximately 100 seedlings of L. hirsutum H, & B., but some were
seen in hybrids involving it, as in V. B, L, No, 591, The appearance
of the polycots in the variocus specles cited was similar in all res-
pects to that observed in L. esculentum. The wide geographic range of
geed sourcen and the large number of varieties included in the list

gave ample proof of the prevalence of polycotyledons in the genus,



TABLE III
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Seedling classification of 109 tomsto lines in which Polycotyledons

were observed

V.B.L, Seed- Poly—
Numberl Identification lings cots
501 Marglobe, #3350 S-R-1-1-6, W. S, Porte 112 1
6 Targinnie Red, Arthur Yates Co., Sydney, Australle 76 1
6-02 Selection from Targinnie Red 757 15
6022 " n " u 157 1
6-02=3 o " " " 138 1
6=02=5 " n " " 56 1l
H02 =8 @ " L 1 a7 1
6_03_1 w W " " &4 1
6032 " L n # &2 3
6_06‘3 # " t " 109 1
6-08-1 v u " " 105 1
6=09-1 " n " n g 1
6-010 " " " u 31 1
[ S " L L ] 133 1
67 u " “ " 166 1
7 & 8 Selections from P.I.2 #79532 748 10
L. pimpinel litciim (Juad.] W11
9«01  Selection from Marglobe, #3311-5-3-3, ¥. S. Porte 1439 18
10 Commercial Marglobe, ¥%W. S. Porte 438 16
21 Burwood Frize, New South Wales 285 3
24 Cameron Cenada, Hova Scotia 245 3
31 Danish Export, DNenmark 215 1
45 Dobbiets Champlon, Scotland 244, i
51 Export, France 67 1
56 Fiaschello, France 626 1
68 Amarillo, Argentinas 138 1
73 ¥.C.D.(Bide's), England S0 1
78 Magrnum Bonum, Germany 129 1
87 Vahle Leader, Notherlands 37 7
99 Semparifructifera, Italy 169 1
11 Resista, Germany 433 5
123 Phenomen, 1 38 1
14.4. P. I. #923855’ Chins, 13 1
192 Pritchard, Associated Seed Growers 237 6
199 Indians Msrglobe, * " " 56 1
200 Rutgers, " noow 204, 8
202 Norduke, ¥. S, Porte, U.S.D.4. 2
204 Comet, W. S. Porte, 36 1
205 Stirling Castle, W. S. Porte, U.S.D.A, g3 1
207 King George, Ingland 171 2
217 tiarvel, W. S. Porte, U.S.D.A, 220 1
218 Penn State, W. S. Porte, o 50 1
222 Gulf State Market, W, S. Porte, U.S5.D.4, 157 2
224, Fillbasket, W. S. Porte, " 35 2
226 F, Marglobe x Chinaman 206 2
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TABLE III (contimued)

Seedling classification of 109 tomato lines in which Polyecotyledons
were observed

V.B.L. Seed- FPoly-
Number! dentificatl lings cots
228 Marglobe, Strain &, Stokes 332
230 Dixie, Louisiana Agr. Experiment Statlon 139
231 Louisiana Gulf State #20-5, La. Agr. Exp. Sta. 343
234, Montgomery, XK. C. Barrons 296
239s Earliana, Associnted Seed Growers 189
241a Valiant, Stokes 120
242 Stokesdale, Stokes 151
243 Bonny Best, Bailey Seed Co, 1362
LY P. I. #118,686, PBragil 18
262 P, 1. #126,4,09, Peru 42
277 P. I. #126,910, Feru 42
316 P. I. #128,276, Argentina 42
318 P. 1. #128,278, " 42
533 P. I. #126,945, Peru, L. peruvianum var, 12

dentatum Dun,
541 P. I. #128,649, Chile, L. peruvianum (L.) mill, 150
544, P, I, #128,652, " , L. peruviamm var. deptatum 42

545 P. I, #128,653, " , L. peruviamm 232
550 P. I. #126,443, Peru, L. glandulogum C, H, bull, 375
870 Everbearing, J. A. Boggs, Lalrange, Kentucky 207
572 ¥» Frulwonder x Marglobe 117
591 Bonny Best x (Bonny Best x Lycopersicon hirsutum) 28
W. S. Porte, U.3.D.A.
&1 r.I. #115,871, U.3.5.R. 38
618 U. 8. W (ec20) ¥. S. Porte selection from 88
P, 1. #79532 x H=rglobe
619 U. 8. W (a5) " 39
620 U. S. 160 (ab) " 96
622 U. S. 1& (el1) " 145
623 U. 8, a3 (ﬂﬁ; " 83
62/, U. S, 23% (b20 " 113
625 U. S, 23 (el) " 129
653 F. I. #129,022, Ecuador L5
753 P. I, #129,131, Panama 42
755 P, I. #129,133, Argentina 57
758 P. I. #129,136, " L2
76, P. I. #129,143, Peru, L. pimpineliifolium 116
768 P. I. #129,689, Argentina 82
793 P. 1. #117,226, Turkey 27
213 P. 1. #118,788, Veneguela 26
820 P, I, #119,776, Argentina 21
887 Summerset, Strain B-l-5-1, Leslic R. Hawthorn, Texas 225
888 John Baer, M. C. Strong, Michigen 284,

ft
R e i RS D DI AN W HHEDHOHM SR RN R DD W

889 Pan America, ¥W. S. Porte, U.S5.D.A, 155
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TARLE III (contimed)

Seedling classification of 109 tomato lines in which Polyeotyledons
were observed

V.B.L. Seed- Poly-
Humberl Identification lings cots
890 Bssar, k. Shapovalov, Logsn, Utah 121

X HBarhio, Ohio Agr. Exp. Sta,
975 Globelle, Ohio Agr. ¥xp, Sta,
X7 Rouge Naine Hative, J, ¥, HacArthw
980 Essary, Associnted Seed Growers

982 P, 1. #117,900, Brasil

983 P. I, #118,325, ¥

983 P. I. #124,,235, India

lozs P, I. #138,825, Turkey

1029 Ponderosa, Kilgore Seed Co.

1030  Cuban Marglobe, ® ©» *®

3046 Emmts', North Dakota Agr. Yx;:e. Sta.,
nu Uau P. &QWP 35, Yo s). Pdr'h@, 'S.D.A.
1316 . 8 AL AD=1, " "
11].7 n‘. M’c 41? A 33‘13 " "
1118 U. 5. 41P.A, 36-1, " "
1119 i}d S. l&l},of’in &l‘u’ b u
1120 U, 8. 408P 2, " i
1122 V. 8. LWP 4, "

1]

JesanaeedssuERBuEyykntE
T R R Wy A e

1123 U, S. 4OWP 16, L 5
1124 U, S. LOWP 17, “ "
1125 U, 8. 40WP 41, " "
1127 U, 8. LONP 63, n »
1128 U. 8. 40WF 87, » "

1 Accession mmber st the U. S. Repional Vegotable Broeding Laboe
ratory, Cherleston, South Carolina.

2 P, 1. refers to the Division of Plant Exploration and Introduc-
tion, U. 5. Depariment of /Agriculture,
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Leaf placement and number in polycotyledons. Comparisons of the
leaf placement in normal and polycot plants revealed thet sbnormali-

ties occurred nore frequently in the lastter, These weore mogt apparsnt
in young planis, and fell into the following groups:

1, Two leaves at the first, second or third node, instead of one
as in most normel plants, Fig, 8.

2. First or second leaf apparently double or cleft along the mide
rib of the blade, or into the petiocle.

3. Opposite leaves at two successive nodea, the first and second
or the second and third.

4. Four leaves at the first node, usually accompanied by two
growing points,

These changes in placement frequently increased the total number
of leaves in plants from two to five wecks o0ld, compared te the number
in normal plants of the same age. An indicetion of this situation is
given in Fig, 9, in which a tricot is seen to have its first leaves
with closer placement than that of a normal plant,

In & preliminary trial in 1941 leaf comnis were made of selocted
plants of 'ﬁh@ 'var::l.ew Rutgers af an age ek‘ 5 weeks. These were grown
in a field plot in 5 randomized serics., The counis revealed the fol-

lowing values:
Hean leaf Standard

15 tricots 16, * 0,42

59 dicots 12,30 *o0.21
Difference of means and its Standard

Error 3,76 ro.92

The difference of 3,76 leaves was significant.
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Figure 8. leaf placement. Tetracot plant showing two leaves at

joond leaf-node end branching of main axis.

Dote four cot”rlodons.



o°

Figure 9. Leaf placement. Right, dicot with first two leaves
(both cut off - at right and left of plant) appearing at intervals

of 180®.

Left, tricot with first three leaves at intervals of 120®,

26
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To test the leaf number at matwrity, a second experiment was run
in 1942 and involved Marglobe and Rutgers plants. The total number of
leaves for each plant, at the time of peak fruli production, were re-
corded for the two varieties. The wvalues obtained are given in TABLE
v,

The variance analysis of the data revealed that the effects of
series and cotyledon class were not significant, normal and polycot
plants having essentially the same number of leaves. The mean number
of leaves for normal plants was 92.3, for polycot plants, 88.6; the
difference of 3,7 leaves was considerably below the value 8.5 required
for significance at the 5% peint. It is apparent that the number of
leaves in mature plants is not associated with the cotyledon clasg of
the seedlings. Variety differences were significant, since Marglobe,
with a mean leaf number of 94.9 exceeded Rutgers with 83.6 by a sig-
nificant margin of 11.3 leaves.



TABLE IV
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Total mumber of leaves in normal and polycot plants of Harglobe and

Rutgers. Chsrleston, S, C., Fall, 1942,
Variety Class Sexies Totals
I I I1x
Rutgers Normreal 92 88 103 91 103
€9 a3 7 95 93
97 () 1m1 105 61
1,342
Rutgers Folycot 85 87 77 (64) 75
84 65 110 65 77
78 87 86 117 TR
Marglobe MNormal 130 126 89 91 79
67 112 87 ™ 73
128 107 100 (85) (L
1,427
Marglobe Polycot 92 67 114 103 85
129 112 91 79 79
111 92 107 88 TR _____
1,421

Lyumbers in parentheses calculated, 1 degree of freedom removed

for each,

VYariance 4
gource D,F. Sum Sgs, Hean Sgs.
Variety 1 1,215.00 1,215.00
Class 1 209,06 209,06
Series 4 2,417.73 604 .43
Error 50 14,162.94 283,26
Total 56 18,004.73

16.83

Apalyais
5%, Dey. F Vel. F Vala. required

or 8 Ficance
4.03 at 5%
7.17 at 19

4.289

Other F values not sige
nificant,



Number of fruite produced by polycotvledons and mormal plants.
The numbers of fruits picked from the Hsrglobe and Rutgers plants in

the field trial are given in TABLE V. The following were considered
in the enalysis of variance:

2 yarieties Intoractions-

2 glasses (normal vs, polycot) g¢g=x ¥ exdxy
5 geries exgd

3 dates of picking dxvy

Only varieties, ¢lass x date and date x yarieties showed signifi-
cant differences. Varlance analysis data from these sources, omitting

non-significant sources, fellows:
Signif, F Vals,

Source D.F. Sum Sqs. Mean Sqa. St.Dev. F Vals, 5% 17
varieties 1 112,02 112,02 4.693 3.91 6.81
class x date 2 4L05.88 202,94 8.502 3.06 L.75
date x varieties 2 211.54 105,77 L.431 3,06 L.75
error 155 3700,61 23.87 4 .885
total 170 4643.98

The varisnee dus to cotyledon class was non-significant and indi-
cated that the total number of fruits produced by normal plants did
not differ significantly from that produced by polycots, On the other
hand, the F wvalue, 8.502, for class x date, indicated that plants from
these two main geedling classes produced different proportions of their
total fruit number at different times.



TABLE V

Humber of fruits picked at three dates in normal and polycot plants of
Marglobe and Rutgers. Charleston, S. C., Fall 1942

Series larglobe Rutgers :
Normal Polycot Normal Polycot
Early Mid Late Early Mid Late TEarly Mid Late Early Mid Late
¥ 3 3 AV 5 4 18 6 2 18 5 2
b 5 7 4 2 1 9 10 6 O 22 P2 |
16 16 12 7 5 18 10 g9 3 6 3 3
7 16 16 5 7 13 16 6 4 4 6 12
1I 1 14 23 7 6 21 29 8 4 3 3 4
v 16 9 9 6 22 (15 10 Y 10 2
1 5 6 4L 15 23 6 10 12 4 4L 14
I1X 9 7 6 8 9 16 & 5 9 3 1 13
15 16 7 & 15 3 10 10 g8 15
15 6 8 12 8 5 14 5 (9 5 6)
Iv 5 8 17 3 4 16 13 5 10 7 8
(14 9 6) 14, 10 10 L 16 4 15 4
17 8 4 10 8 4 13 5 7 10 7 13
v n 1Rr 11 7 18 13 11 9 11 7 12
7 _7_6 A0 _7 _4 Al 75 A0 7 14
161 1631 131 130 119 198 189 123 &1 141 94 130

ljumbers in parentheses calculated, 1 degree of freedom removed
for each.
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These relationships are indicated in the following values:
otals, both ieties:

Numbeyr of fruits from Differencesl
30 plants
Early Mid Late Early-Mid, Hid-Late Early-Late
Normal 350 284, 212 66 72 138
Polycot 271 213 328 58 -115 57
Diff, ™ L 116

Totals, each variety:

obe

Normal 161 161 131 (o] 30 30
Polycot 130 119 198 11 79 -68

Diff. 31 L2 =67

Rutgers

Hormal 189 123 81 66 42 108
Polycot 1 94 130 L7 36 11

DAfL, 48 29 =49

In some of the comparisons above, significant differences were
present between normal and polycot plants. In the totals, the early
plecking contained a significantly higher number of fruits from normal
plants than from polycots and in ithe late picking, the reverse was true.
In Karglobe, normal plants showed a relatively wniform production in
the three pickings but the polycot plants produced a significantly
higher number of fruits in the late pleking than in the early or mide
season picking, In Rutgers, the polycot plants were relatively uniform
but the normal plants produced a significantly higher number of fruits
in the early picking than in the lsts picking., The principal observa-
tion was that polycot plants did not produce as high a proportion of
thelr crop in the early picking as d4id normal plants from the same source.

1In the totals of both varieties, a difference of 7..7 fruits was
required for significance and in the totals of each variety, 52.8 at
the 59 level,
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Total frult weight was recorded for the plents of the Morglobe
and Rutgers experiment but no significant differences werc found, other
than those brought out by total fruit number, That 1s, indlvidual
fruit weights were essentially the same in comparable groups.

Increase in polygotyledony by gelection. A. Seledtion in hybrids.
Since the original observations of polycotyledony in the present study
involved 4th generation plants, attempts were made to further increase
the percentages of polycois by selection in the fifth and later gene-
ratlong. MNost of the selection data with hybrids has been obtained
from a hybrid, No. 244, involving the Red Currant tomato and the va-
riety Marglobe. The cross was made at the U, 8., Vegstable Breeding
Leboratory primarily for disease resistance studies snd the progenies
selected for this purpose were examined as well as those set aside for
polycotyledon analysis,

Several groups of seedlings, involving 2nd to 6th generation
plants origineting from single ¥; plants, were classified by cotyledon
phenotypes. The resulis of the classification of a typleal group are
given in TABLE VI. In this table it is apparent that the later genera-
tions showed a marked incresse in percentages of polycotyledons in
individual progenies., Selecting one line for illustration, No.
2Ll =2=T-34-10-2 which i8 a sixth generation plant, it is foumd thet
the percentages (underlined) changed in the following series; 1.0, 5.9,
39.0, 94.6 and 42.8 ¥, The next to the last percentage, representing
a line with 265 polycotyrledons out of 280 seedlings selected at random,
was the highest percentage observed in this study. It should be noted
that the percentage did not go beyond 94.64 but dropped back to percen-
tages approximating 50%.



Seedling analysis of V.B,L. Ho, 2442 and descendants

TAELE VI

33

V.B.L. Seed- Poly- % i V.B.L. Secd- Poly~ %
Humbert lings cots Poly| Number lings cots FPoly
Second generation
2 L=2 400 4 1.0l 244-R=b6=A~15 23 15 65.2
Third generation -16 20 10 50.0
2wl 136 o 0.0 «20 32 7 21.9
2Ll =5 210 o 0.0 -21 62 21 33.9
242 =2 160 A 2.5] 244=2eT-23 87 0 0.0
24lym2=3 390 2 0.5 -7 101 7 6.9
ALyl 229 b 0.4 b 149 22 1,.8
244, w2 =t 17, 15 8.6 wd, 224, 39 17.4
DLl w2 =T s41 32 5.9 -5 210 L0 19.0
Fourth generation -1 200 L6 23,0
2Ly el ml, 116 5 4.3 -2 235 145 61.7
2Ly 22 60 2 3.3] 244-2-7-34-B 106 31 29,2
RLh~2=6 (5 Fy lines)s76 0 0.0 24/-2-7-34-8 L2 132 29,9
b Y e I 130 3 2.3 -15 58 13 32.8
20 L2 wbrmd, 117 3 2.6 -13 180 81 45.0
244, =2 bt 17 2 1.7 -17 170 91 53.5
244, w2 =i 401 168 1.3..8‘ -9 29 49 55.0
204, =2 =T =5 282 0 0.0 -1 83 48 57.8
244-2=7-(4 Fj 1ines)l33 28 2.3 -16 37 23 62.2
2Ud R =T=1 352 78 22.1 -11 39 26 66,7
2L R T2 A70 0 LU,. -12 129 7% €0.5
244, =2-T=3A 464 181 39, =10 280 265 94.6
24 Lm2 =T =3B &2 91 50, 244=2 =738
Fifth §ne%a§;9§ (15 F5 lines) 1100 540 49.1
Rhdye2 - 5 F5 186 0 o0 s & tion
1lines) Rhhm2=T=30=S-HA 30 6 20.0
2442 ~6=h-(2 Fg 78 2 2.6 -58 28 9 32.1
lines) -9C 318 119 37.4
pr T R0 T8 N N Fg 78 3 3.8 -55 142 65 45.8
lines) A 34 17 50.0
2442 =6=5-(3 Fs 99 o 0.0 -NB 33 21 63.6
lines) ~10 88 62 0.5
24l w2 wboms =3 37 2 5, NG 112 89 7.5
o Y 10 4 40, 24l m2aT=30-10=4 20 8 40.0
24,4, w2 s =7 30 4 13, -1 27 11 40.7
Y P oy y | 12 5 /1. -2 140 &0 12,8
o 0 T 12 9 75. -5 32 21 % 5.6
-3 18 12 66,7

1x%ccessian number et the U, S. Reglonal Vegetable
ratory, Charleston, S. C,

hreeding Lebo-
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In this same sorles there was exhivited the typical behavior of
the polycot producing line described in an earlier section, This is
No, 244-2=T7-3A shown in the fourth generation group, TABLE VI. It
produced 39 polycots in each 100 seedlings, but gll the 100 seedlings,
including the 61 phenotypicelly normal, themselves produced more poly-
cots, TFor example, 25 fifth generation plants from No. 244-2-7-34,
taken at random, all showed polycot production, Eleven of these are
included in TABLE VI, numbers 24/-2«7-3A~B through 244-2-7-3A-10 and
the other 14 are in TABLE IXI., (The 15th plant in TABLE II is the same
as the 94.6% line in TAELE VI). In addition, all the progenies in the
sixth generation produced polycots, and as shown previously, seedlings
with normal phenotypes produced polycote ae abundantly as those with
abnormal phenotypes.

A sumnary of the selectlon data from three separate first genera-
tion plants is glven in TABLD VII. The percentages given in the last
column confirmed the observations that incresses could accompany see-
lection in hybrid material.

The positive results obtained above were not realiged in all se~
Jection from cross NHo, 244. TFive other second generation populations
and available 3rd and Ath generation families were classified by cotye
ledon phenotypes and in thece only very low percentages were observed,

A summary of these follows:

Humber of Rumber of Number of 4
fanilies (Generation seedlings polycots  polycots
5 second 815 2 0.2
35 third 3,139 13 0.4
17 fourth 1,424 EVA 1,0

The low percentages were in sharp contrast to those of approxie
mately 30% to 90% in the other series degscribed. It was evident that
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TABLE VII

Data from three sister F; populations and their deseendants, showing
increase in percentages of Polycots

Generation Ko, of ggédggngs Polycots ; 3
progenies _ examined Polycots

¥y 1 400 4 1.0
F3 7 1840 54 2.9
F 4 20 4500 631 18.0
F5 68 6252 2758 44 .1
F 13 1020 500 49.0
¥, 1 470 2 0.4
Fy 3 859 1z 1.4
F, 3 685 86 12,6
Fg 29 2097 542 25,8
¥, 1 210 0 0.0
P, 644 &2 9.6

9 869 232 26.7
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both positive and negative results could be obtained in attempis to in-
crease greatly the percentages of polycotyledons in hybrids.

B. Selectlion In varieties and species, It has been noted by
other investipgators that selection within commerciml varieties of to-
mntoes produced negstive resulis with regard to increasing polycot yro-
duction. In the present study attempis at increasing polycot produc~
tion percentages were made with certain varieties as well as sclected
lines and specles of Lycopersicon. From these plants, seedlings with
normal and polycot phenotypes were selected, grown to maturity and
cotyledon classificetions made of their progenies, The results of
the classification are givem in TABLE VIII.

In the varieties Fritchard and Rutgers, incresses in percentages
were observed, In Rutgers, it should be noted that polycots appeared
in the progeny of a parent plant with phenotypically normal cotyledens.

In Bonny Best and Bounty, polycots appeared in some of the pro-
genies and were not observed in others. The percentages produced, how-
ever, were low, Even in the second generation from the original Bounty
plant, a tricot (class 7) produced only 1 tricot in 150 seedlings.

Number 625, which showed very marked increases in polycot percen-
tage, is a line from an advanced generation hybrid selected at the
U.S.D.A, Bureau of Plant Industry Station at Beltesville, Maryland., The
hybrid originsted from a cross involving a Red Current tomato, P. I.
No. 79,532, the same used at Charleston in producing hybrid Wo. 244.

In bhoth &f the lines of Lyecepersicon peruvianum included in
TABLE VIII, polycotyledons appeared in the progenies examined. In this
species, as well as in L. esculentum, differcnces in the resulis of se-

lection were apparent.
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TADLY VIIX

Selection experinents invelving polyecotyledony in c:cwmerﬁial tomato vae
rieties, selected lines and ygopersieon peruvl

237 & 2.5
First ﬁar!:mé pencration 7 177 23 13.0
200 Rutgers {riginel planting - 204, g 3.9
First derived generation K o7 1 1.0
& 130 10 7.7
7 U6 2 1.4
7 9 1 1.0
1046 Bounty Original plenting - 1L, 3 2.1
Pirst derived peneration N 152 3 2.0
5 295 7 2.3
? 150 1 0.7
Second derived poneration N 40 1 2.5
7 150 1 0.7
4 100 0 G.0
243 Boray Dest Original planting - 162 L 1.0
Pirgt derived pemeration 9 136 0 0.0
9 202 1 0.5
625 U, S, 2F 3= (riginal planting - R 1 8.5
Firet derived pemsration XN 4d, 3 6.8
N 31 11 35.5
N 52 20 38.%
N 135 53 39.2
7 16 WL 87.5
174 pegTuvian
C‘rigixml rienting - 232 4 3.9
First derdived genmaration N 243 8 3.3
5 587 13 2.2
7 531 29 5.5
631a n ¥ Opiginal plenting - &6 & 6,1
First derived gonaration & 136 40 29,4

normal cotyledonsy murber 4 and 5, hemitricotyledons;
mumber 7, tricotyledons; and 9, tetracotsyledon,
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The asbove data show that selection for increased percentages of
polyeotyledons could bring both positive and negative results.

Inheritance studies with polvcotyledony. From the original ob-
servations of the polycotyledons, their irregularity of appearance, and
from the results of selection within hybrid material, it seemed prob-
able that the inheritance was not due to a single factor pair as are
most of the recorded characters in tomatoes, The failure of each coty-
ledon phenotype to reproduce itself when szelfed also sugrested some
complicating factors, However, to test the assumption thst e simple
explanation of the inheritance was not in effect, several crosses were
made which ineluded plants of known and different phenotypes. These
crosses botween plants from one high polycot line and the first gene-
ration phenotypes follow:

Parents Phenotypes in first generation
Female iole normal hemitricot +tricot <tetracot
tetracot x tricot x x = =%
normal x ftricot x x x
tricot X normal x b9 x x
hemitricot x {ricot x x x x
tricot %= tricot x X x x

In the above results there were no indications that one phenotype
was dominant over another and it was evident that phenotype segrega-
tion alone should not be used in eatimating genestic ratios.

A second approach to the genetic situation involved considerstion
of production of polycots as an inherited character. In the selection
studies and in the classification of varielies, there were observed
three principal types of behavior in this respect. The threec types
were: First, pormal lines or pon-producing lines. In such lines no
polycots appeared during any seeding or in any generation. Second,
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low polycot-producing lines. In these, each plant produced polycots
but only in relatively low percentages. Third, high cot-

lines, In these lines, every plant produced polycots in high but
variable percentages.

Using apypropriate combinstions of parent lines from these three
types, 16 crosses were made, Since the greatest contrast was shown
by types one and three, crosses between the two were selected for
critical analysis., The actusl seedling clas:zificatlon observed in
two of these crosses and the number of plants which werse non-producing
and produeing ere given in TABLE IX.

In the seedling phenotype claassification, no polycots appeared in
13 first peneration plants from the first cross and one out of a total
of 87 from its reciprocal. Although practically all the first genera-
tion plants of the second cross (N x A) were normal in appearance,
they all possessed factors for production of polycots since, of the 19
taken at random and grown to matinrity, all produced polycots among the
¥y seedlings. This confirmed the validlty of the cross.

Cross N x A was carried to the second and third generations, The
polycot percentages from all se=dlings of each gemeration showed an in-
crease from 1.1 to 5.68, In the second generation, the actual ratio
of normal to polycot seedlings was 5,248 : 228 but as shown above,
this could not be used in determining the number of factors involved,
Instead, a random sample of plants from the Fo had to be grown and the
polycot production of sach plant determined. From 175 second genera-
tion plants, seedling classifications were made and in 171 of these,

polycotyledons were present.
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Seedling classification and polycot production data in a cross, pormal
(parent A) x polycot (parent W) producing lines.

A selfed 165 0

N solfed 25 22

Lrosges

Ax N
HxA

(3‘3

A 13 O
FL 86 1
?2 5 gw 228

from 175

Fg plants)

0,0

46.8

0.0

1.1

bo?

5.6

parent A & 0
From
perent K 0 G
Fron
Fl(ﬁ x4} O 19
From
Fa(N x A) 4 171




Inspection of the ratio 171l:4 indiecated that it did not fit a
Mendelian 3:1 ratlo' (x% = 46.95) but that it lay between a 15:1 and a
63:1 ratio. The 2 valucs for these two ratios are:

Ratio x® Valuos cfﬁsignificant d;:ffereneesa
5 1¢

15:1 4.04 3.84 8.63

6331 0.22 3.&- 8.63

The extremely low y© for the 63:1 ratio suggested thet it might
be the true one in this case. It would apply if there were three pairs
of independent factors (triplicate faetor pairs) all affecting poly-
cot production. However, before accepting this interpretation the
phenotype classification of the 175 Fy families was examined, This
information is given in Fig. 10, in which the parental phenotypes, ¥q,
F; and F3 populztions or families are shown,

It is shown in this figure that parent A produced no polycots and
that none of iis progeny produced anmy. Parent E produced aprroximately
47 polyecots in esch 100 seedlings and all of its progeny showed sinmi-
lsr production. The Fy approached the percentage of the lower parent
and the Fp showed a range from 1 to &f. In the F3 families, however,
the complete range of both parents was recovered, in fac‘t, two fami-
lies exceeded parent N in the percentage of polycots present. The
mean of the F3 percentages was 6.79 and the standard deviation 8.159.

A striking feature of the Fq histogranm was the strongly ékewed
distribution (8 = +1,02). This feature resembled distributions obtained
by other investigators dealing with size or weight inheritance and sug-
gested that inheritance pattern of polycot production might be similar,
Since such inheritance hss involved geonmetrie processes and the loga-
rithmic values of the original deta have been plotted, the latter
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procedure was applied to the data at hand, Such treatment should cause
the curve to agsume a more normal shape, The curve obtalined is given
in Pig, 11.

In this figure the expected shift 1n the bulk of the curve toward
the normal distribution was obtained, As shown in Fig. 10, the highest
frequency was in the lowest polycot percentage group, but a second
mode appeared. In the histogram based on actusl polycot production
numbers, there was a suggestion of a second mode at approximately 8 to
10 polycots in 100 seedlings, bub this was emphasized in plotting the
logarithmic values. The first mode was due to the large mmber of fami-
lies in which there appeared only one polycot in 100 to 300 seedlings.
The approximate modal value within this group was 0.8%, that of the
second mode 10.0%. No certain explanation for the appearance of two
modes was evident from the data obtained but 1t sugpested that zenes
affecting polycot production differed in their individual effectiveness.

The data from the crosses above suggested multiple factor inheri-
tance. As a further test of this, a comparison was made of the Fq and
parental means of some of the remaining crosses. This comparison is
shown in TABLE X.

In the first two groups of crosses, involving parents with greatly
different polycot production, the Fy polycot percentages (third colum
of numbers) closcly approximated the percentages of the low or normal
parents. In addition, the Fq values were much closer to the geometric
means than to the arithmetic means. The F3 percentages were in each
case higher than their respective Fy percentages. In group two, crosses
FxL and L x §§ were carried past the second generation and the in-
creases in the mean percentages from the first to the third generations

were evident.
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Classification of parental lines and crosses involving polycotyledony.

j. N Type III. Hizh
Parent Seedling Parent Seedling Parent Seedling
symbol vhenotype symbol phenotype gyrbol phenotzpe '
Norm Poly % poly Rorm Poly % poly Norm Poiy % poly
A 165 © 0.0 E 207 1 0.5 L 199 119 37.4
B 105 O 0.0 F 118 6 4.8 M 12 21 63.6
c 135 O 6.0 G 435 5 1.1 N 25 22 46,8
n 220 © 0.0 H 204 1 0.5 o £7 A3 47.8
1 52 2 3.7 P 69 43 38,4
J 168 2 1.2 0 75 31 29.2
E__1439 18 1.2
Crosseg Hor High. HMeans, volycot ¢ of ents
Normal Poly ¥ poly Geonmetric Arithmetic
CxP F 16 0 0.0 1.96 19,2
Fo 1612 VA 3.8
PxC Fq 88 3 3.3 1.96 19.2
Fy 722 97 11.8
PxD Fq 24 o c.0 1.96 15.2
Fo 1271 112 8.1
1)
ExL ¥y L7 1 2.1 4.32 18.9
Fxl W 50 1 1.9 13.38 21.1
Fa 1707 458 20.3
F3 3192 957 23.1
LxH P 98 2 2.0 4.31 18.9
F, 1588 38 2.3
Fg 870 83 8.8
QxJ TFq 116 3 2.5 5.92 15.2
F2 309 33 9.6
Grour III, Normal x Low.
HxB ™M 24 0 0.0 0.22 0.25
Group IV, Low x Low.
caxI ™™ 61 0 0.0 2.02 2.40
GxK ¥y 27 0 0.0 1.15 1.15
F& 419 8 1.8
Group V, Hi Hi
BxL ¥Fp 6 5 45.4 L7.9 50.5
F2 11 2 45.0
Lxi ¥ 16 32 66.7 47.6 50.5
OxL F1 43 21 32.8 42.2 126
NxP ¥ 17 5 22.7 2.4 42,6

1 Geometric means involving Type 1 parents estimated by using.l%

as approxination of 0%,
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The range of values exhibited iIn these two crosses wes also of impor-
tance and wes ag follows:

Range of polycot percentsges exhibited in orosses F x 1L and L x H
Number of polycotls in 100 seedlings
0 &5 10 15 20 25 30 38 A0 45 BO 855 60

x-x Parent ¥
x~x Parent L

x (F x L) first generation

Xomwmme S —— ~vw=x (F x L) second peneration, from
17 ¥y plants

third generation, from 27 ¥, plants

x Parent H
x (L x H) first generation

x~--x (L x H) second generation, from 5 Fy plants

K oommnoo -x (L x H) third generation, from & F, plants

The ranges in the incidence of polycots in the first, second and
third genorations showed increases in both crosses., Since both parcnts
were polycot producing, no normal producing plants would be expecied 1o
appear in the second generation. No normal producing Fp plants did ap-
pear since none of the Fg families from 35 plants taken at random were
found in the "O" polycot column,

In TABLE X, the third, fourth and fifth groups of crosses involved
sets of parents with epproximately equal polycot production, In groups
three and four, the Fy means were 0f or low, just as were the parents
involved, In these groups it was evident that the geometric means and
arithmetic means did not differ widely from the Fy means, the equality
resulting fronm the relatively uniform percentages shown by the parents.

Group V, involving high polycot producing parents, showed that
high production was maintained in the first generation. In the first
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crogs of this group, M x L, the F, generation alsc showed a similarly
high prercentage.

It should be pointed ocut that the high polycot producing parents,
Type III at the top of TABLE X, have shown partial sterility, often
producing only three or fouwr fruits, In addition, creosses involving
them frequently failed, It is not Imown whether this was due to fac-
tors associated with polycotyledony or to other factors in themselves
detrimental, which have been recombined during selection for polyeot
production.

From several attempis to make backerosses to Type III perents,
only two were successful. One backoross to a normel parent succeeded.
The seedling classification of the first generation from these follows:

Seedling classification
Hormal Polycot & polycot

Qx{QxJ) K 28 7 20,0
(PxC)FyxP 37 10 20.6
(CxP)Fpx¢C 1 0 0.0

In the first of the three backcrosses sbove, both parents were
polycot producing snd the backeross to the higher producing paremt, Q,
resulted in a relatively high first generation phenotype. The second
backeross involved a normal and high producing parent. The Fp shown in
TABLE X, Group I, exhiblited polycot production and this crossed with
parent P alsc resulted in polycot production. In the third backeross,
the Fp which had shown no polycots in 16 seedlings, resulted also in no
polycots when c¢rossed with the normal parent C. Only the first genera-
tion from the backerosses could be examined, and the results could not
be used to confirm or deny estimates of the number of factors involved.

However, the results confirmed the presence of the factors in the Py
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and showed differences in crosses inveclving parents of Types 1 and 3.
From all of the 16 crosses described above, there were 68 F; plants grown
to maturity. All of these produced polycots among the F, seedlings.



PISCUSSION

Folycotyledoryy is a phenomenon sbout which very few investigstions
are belng made todgy. Eecause of this fact there was aveiladle no cone
plete review of the literature of this subject more recent than that of
Duchartre in 1848 (58). Howevar, the extemsive natwre of the occur=
rence of these eeodling forms among Dicotyledonous planis was suwrprising.
It was found that there weare at least 295 species in 68 familiea which
had been described as producing polycotyledons, This iz far over the
total of 145 listed by Pensig (156, 157) and thst of approximately 50
suggested by Litovchenko (119). The latter author also stated that
such femilles as the Chenopodiacease and Polygonaceae most frequently
showed these forms. In the present study it was found that Compositae
and Legumincsae wore first and second in rank, respectively, in the
mmber of species reported with polycotyledons, This is, of cowrse,
the same order in which these two families stand in total number of
species, Soveral other families in which nine or more polycotyledonous
species have been obaerved, are relatively large familiea with 1,000
or more specles, excepting the Rammoulacese, with at least twelve polye
cotyledons in & family of some 680 specics.

The phenomenon is apparently widesmwread among Dicotyledons, In
view of the fact that seedlings are not usually observed as esrefully
as mature plants, and that there are also many unrecorded observations
of polycotyledony, it seems quite probable that dozems if not hundreds
of other specles actually contain these abnormal seedlings.

The forno essumed by the cotyledoms in the polycot seedlings cone
sisted of a contimuous series and followed s definite pattern regardless
of the species, gemus, or even family to which the individual plante



belonged., This similarity wes so striking that the polycotyledons of
a maple (Acer Pseudoplatanus) might well be taken for those of a
hollyhoek (Althes rosea) or even of tomato,

The phenotypic expression of the condition in Lycopersicon has
been fully described here and i1t has been found to follow closely the
range exhibited by other genera previously reported. DeVries (193), in
addition to other investigstors, has pointed out that polycotyledons msy
have simply noitched cotyledons, or the division may be such that ihree,
four or even five cotylecdons are formed., In the present case, judging
from the examination of over 100,000 tomato seedlings, the range in
Lycopersicon extends from the normal condition through tricotyledons
to tetracotyledons, the latter with four entire cotyledons belng the
absclute maximum. The fact that the tomatoes examined in the present
study came from dozens of sources scattered throughout the world, and
showed the same forms of polycotyledony, indicsted that the condition
was common to the gernus Lycopersicen.

It bas been pointed out that polycotyledony is widespread among
Dicotyledons and that the expres=ion of the condition is same in all
recorded occurrences. These faets are suggested here as further evi-
dence of the generally accepted fact that the Dicotyledon group has a
common ancestry, This is especimlly so because the observations deal
with such a basic morphological stage of the plants, the embryo.

The studies of the gross wvascular supply to the cotyledons cone
firmed the fuct, pointed out by Woodcock (210) that two principal veins
supply a cotyledon making a total supply of four veins. His study cone-
cerned only normal plants but it was established here that regardless
of the division or multiplication of the cotyledons, the total supply
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of veins was the same, For example, in a tricotyledon, with three sepa-
rate members, one cotyledon contained twe veins and the other two coty-
ledons contained one vein each., it first, this observation would seem
to be at variance with a statement of Coulter and Land (50), who pointed
out that growing rrimordia determine the mumber of vascular strands,

the latter structures being secondery in nature, and their sppearance
dependent on the character of the primary structwe, The authors gave
further information, however, which may throw some light on the coly-
ledon situation in tomatoes. In describing the embryo of Cyritsntius

gangpinsus, it was shown that four cotyledonary rrimordia begsr developns
ment separately, but that they soon "grew together® in nairs, so that
trvo cotyledons, each with twe pointe, were for a time evident, They
inferred from this evidence that the possibility of polycotyledony in
Crrtanthus seemed plein.

It is not lmnown at the present whether there are four original
eotyledonary primerdla in Lycopersicon, and ne informetion om this point
was given by Smith (173) who studiod embryogeny in this genmus., It
seecnms highly probable, however, since the maximum number of cotyledons
observed was four and the constant mumber of cotyledon veins was four,
It slso ssems possible that the maxirum number of cotyledons found in
polycotyledonous seedlings of any given speciles may indicate the vas-
cular situation in the ecotyledens of such a plant,

A feature of polycotyledony which has rot been fully explained is
that of inheritance. The indications were plain from the attempts of
others to explain this feature that it wes certainly not due to & single
factor pair, In the present study, the problem was approached by the
establishment of lines whiech differed in their production of polycoty-
ledens. In this way, crosses were analysed between lines pure for the
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production of normal seedlings and those pure for the production of
polycotyledons., In the latier, the percentages of the forms produced
varied but every plant in these lines gave rise to some polycotyledons,
indicating the presence of genes associated with the character. ‘the
results obtained gave every indication that a form of quantitative ine
heritence was in effect. Several features pointing to this conclusion
were the lack of true dominance, the approach of the first generation
mean to mean of the perental classes and the recovery of polycot pro-
ducing genotype in 171 and the normal genotype in only 4 out of 175
second generation plants., The ratio 171:4 resembled a 63:1 ratio and
suggested that there were at least three Independent factor nairs
affecting polycot production.

In quantitative inheritance it was pointed out Uy Sinnott (171),
MacArthur and Putler (127) and others that the second generation dis-
tribution ewrve would be positively skew as a result of the geonetrie,
cummilative action of the genes involved., The studies with which the
suthors dealt were those of sige or welght inheritance and the values
plotted were calculated on both an arithmetic and logarithmic basis,
The latter was found to shift the curves from positive skewness to ap-
proximate normality. In the present studies with tomatoes a strongly
positive skewed curve was obtained in plotting arithmetic values of
polycot incidence in the F, but plotting logarithmic velues produced a
more nesrly normal curve, and rovealed the presence of two modes. The
original positively skewed curve and the shift obtained supported the
hypothesis that quantitative inheritance was in effect. The bimodality
could not be fully Iinterpreted from the data obtained but sugpgested

that the genes controlling polycot production were not equsl in their
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effectiveness., Such unequal effects would not te unusual (171).

Previous investipgators have shown that in certain genera, selection
could bring the incidence of polycotyledony up to nesrly 100% but that
no lines could be established in which every plant was phenotypically a
polycot, In two of the studies in which reference was made to poly~
cotyledons in tomatoes (76, 124), the attempts to increase percentages
of these forms were unsuccessful., In the present study, such attempts
wore successful in certain lines and unsuccessful in others. Iin hy-
brids from cross No. 244, L. plmpinellifolivum x L. esculentum var.
Marglobe, it was possible to increase the percentages up to 94.6%, but
not beyond, The actual percentages obtained in successive generations
of selectlon in these hybrids closely approximated ones obtained by
DeVries (198) and others working with other genera. The experience
with tomatoes supports the view expressed by DeVries that attempts to
establish lines with 1002 polycotyledons are futile. It was pointed
out here, however, that lines of tomatoes could be readily established
in which 100% of the plants produced such forms,

In the light of the data preaented above, a loglcal explanation
may be given for the conflicting results obtained in selection. In
races or lines such as the Halbrasse of DeVries or certain tomato varic-
ties, only a limited nmumber of genes for polycot production were present,
and when these became homogygous, no further change was possible. In
the HMittelrasse or cross No. 244, additional genes belonging to the
series of multiple factors were present and seldction made 1t possible
to establish lines with a larger number of genes, maintaining polycot
production on a higher level,

It was shown that individual phenotypes, found in the series of



54

forms collectively called polycotyledons, did not reproduce themselves
exclusively. A tricotyledon, for example, could produce not only tri-
cotyledons but phenotypically normal plants, tetracotyledons and any

of the other steps in the series. The explanation for the presence of
the continuous series of forms found among polycotyledons was not ap-
parcnt in the observations mede here. There was no indication that
normally formed cotyledons were later split. On the contrary, the shape
of the cotyledons must heve been détermined at the time of thelr incep-
tion in the embryo, and any forces influencing the degree of division
would have acted at that time. Since the final form of the cotyledons
was the only stage examined, no positive interpretation of this feature
can be given, but it seems possible that there are modifying genes
which influence the degree to whieh polycotyledons are divided,

In certain populations of tomato hybrids in which high percentages
of these forms appeared, partial sterility was found., This was mani-
fested not only in their meager fruitl production but often in the in-
ability to effect crosses with them. This was not epparent, however,
in the occasionsl polycot seedlings which were to be found in commercial
varieties. It was pointed out by Tukey (192) thet in seedlings of many
varieties of cherries and peaches, presence of pelycotyledons indicated
heterogygous breeding material, It may be sald that In tomatoes, the
presence of high percentages of these forms in anyy line indicated that
the line had been inbred for several generations.

¥Vhen the possible practical advantages of polycotyledony were sug-
gested by Litovchenko (119), who found increased yields in beet (Beta
yulgeris) as well as in other plants, it seemed possible that beneficial

changes might be found in these forms in tomatoes, The tests reported
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here indicated that tomato seedlings showing polycotyledonmy often had
sbnormal leaf placements which resulted in higher numbers of leaves in
plants up to four or five wecks of mge, By the time of the maturity of
the plants, however, the two groups had approximately the same total nume
ber of leaves. Any changes were thus effective only in the young plants.

In comparisons of normal and polycotyledonous plants in a field
trial it was found that the total rmumber of frults produced by the two
groups of plants did not differ significantiy, but that the time of peak
production was different. Flants of lHarglobe and Rutgers from seed-
lings possessing the abnormal cotyledons were found to be later in fruit
production than normsl plants from the same seed supply. The signifi-
cance of this finding is apparent, in that the total early crop would
be significantly lower 1f these forms were included with the normal
plants. If the early crop is of importance in any given planting it
would be advantegeous to discard all seedlings showing cotyledon divi-
sion or multiplication, This would not be difficult since the forms
are readily distinguishable within 3 to 10 days after emergence from
the soll of the seed flat or field.

Seedling classification of several hundred lines of tomatoes re-
vealed that the polycotyledons were quite common, and occurred in neny
commercial varieties. As a general rule, such seedlings have been found
to be idemtical with normal ones in horticultursl characteristics such
as bush hebit, fruit type and all charecters with the exception of
time of maturity cited above,



SUMMARY

A literature survey revealed that polycotyledony was much more
frequent then recent investigators had reported. At least 295 species
in 68 families contained these forms. The two largest Dicotyledonous
families, Compositae and Leguminosae, contained the largest mumbers of
polycot species according to published reports,

In numerous commercial varisties and foreign accessions polycoty-
ledons were observed, Pirst reports were given of their occurrence in
Lvgopersicon pimpinellifoliwm, L. peruvianum, L. peruvianum var,
dentatum and L. glandulosum.

The complete range of expression of the polycotyledonous condition
in Lyvcopersicon was presented. Cotyledon variations followed a con-
tinuous geries from normal through notching and division to the extreme
form with four separate, entire cotyledons, The varistions were strikw
ingly similar to all such seriles reported for numerous other spocciles
and genera,

The total number of veins supplying the cotyledons was shown to be
four in both normal and polycotyledomous seedlings.

Selection within varleties to increase the incldemce of the forms
geve botn positive and negative recsulis, depending on the lines tested.
In hybrid populsatlons from a cross, L. plmpinellifolium x L. esculentum
var, MHarglobe, selection increased the incidence from 1% in the first
generation to 94.6¢ in the fifth,

Three types of polycot lines were isolated; the first inveriably
produced normal seedlings, the second invariasbly produced polycotyledons
in low percentages, and the third polycotyledons in hiyzh percentages.
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Cotyledon analysis of approprlate crosses between these types revealed
that quantitative inheritance was operating. At lemst three palrs of
genes, probably differing in their effectiveness, controlled polycot
rroduction. Several reeiprocal crosses revealed no differences due to
the direction of the cross.

The warious forms of polycotyledons did not rerroduce their own
phenotype exclusively but in addition, gave rise to all other forms.
The tricotyledon sppeared most frequently. The wide variation shown
suggested that several modifying genes were affecting the expression
of the polycotyledonous condition.

As a result of altered leaf placement at the lower nodes, polycot
plants often had higher mumbers of leaves than normal plants up to four
or five weeks of age. At maturity, the total leaf numbers were essen-
tially the same, '

Total fruit production was found to be the same in normal and
polyecot plants, However, the time of peak production differed in that
polycot plants were lster., This fact sugrested that such forms should
be discarded in any plenting in which esrliness was a beneficial

economic factor.
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