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Chapter 1
INTRODUCTION

Heed for study.
Twin plants, resulting froa two embryos ia the

embryo sac, can be used to solve several genetioc probleums.
Genetically identical twins provide the opportunity to study
geneticwenvironmental relationships.

The incidence of twinning in different tomato
varieties ranges between 0.1% and 1%, In order to increase
the utility of twine in research, means should be found to
increase the incldence and detection of twinning within seed
lots. One possibility is by increasing the transparency
of the seed coat and growing only those seeds which appear
to contaln twins.

Another way to detect twins more effectively withe
in seed lots may be to separate the seeds into heavy and
light classes and grow Just the heavy seeds. It is probable
that the incidence of twinning would be higher in heavy seeds
than in lighter seeds.

The inheritance of frequent twinning is not known
at present, but this knowledge would be helpful in incorpore
ating frequent twinaing into various stocks.

It should be known whether or not there is a




maternal modification of development of one member of the
twin pair if genetically identical twins are to be used in
geneticeenvironmental studies.

Sblectives.
I. Study the incidence of polyembryony.

A. Inheritance
1. Determine whether or not & high incidence

of twinning is inherited.
2. Determine the degree of dominance of the
gene or genes determining frequent twinning.

Be Determine whether or not seed welght is related
to the incidence of polyembryony.

Cs Determine whether visual clarification of the
seed coat helps to locate the seeds that cone
tain polyemdryos.

II. 7To investigate the development of twin plants and
compare twins with normal plants from the same seed
lot.



Chapter II |
REVIEW OF LITERATURE

Polyembryony has been reported in many plant geners
since the beginning of the eighteenth century. Haheshwarl
(22) ecites Leeuwenhoek as the first man to discover its
ocourrence in 1719. In 1895, Jeffery (17) cbserved polye
embryos in Erythronium smericspum. Although many iavesti-
gators became interested in the study of polyembryony after
Jeffery's work, progress in genetic and cytogenetic studies
was made mainly after 1930. In 1934, NHamikawa and Eawakami
(26) found polyembryony in Iriticum. Three years later,
HMuntzing (24) reported multiple embryos in different genera
of Gramineae and in Solanum.

The occurrence of polyembryony in tomatoes, howe
ever, was not reported until recently. Rick (28) reported
twin seedlings in tomatoes in 1943, MNarshall (23) and Foskett
{12) made independent studies on polyembryony. They obtalned
different results regarding the nature of polyembryos. This
necessitated further investigation of the essential chare
acters of polyembryony in tomatoes.

Types of Polyembryony

Irue snd false polyembryony.--According to Webber (34),
Earnst divides polyembryony into two types: true and false. ‘

: l



The development of more than one eabryo within, or by pro=-
Jection into, a single embryoessc is termed true polyembryony.
Under false polyembryony he includes all those cases in whioch
plural embryos arise from several embryo-sacs. The multiple
enbryos in the latter case may be derived from A) mega=
sporooytes in different nucelli; B) two or more megasporo-
cytes in the same nucellus; C) from the normal megasporocyte
and apospory in the same nucellus. 7This classification,
however, has been sudbjected to serious objections. Those
cases in which two or more embryos arise from aposporic
enbryo=sacs are included under false polyembdryony. Others
which also develop from the tissues outside the embryoesac
but merely project inte it are classed as true polyembdryony.
Webber (34) gives a more natural and logieal classification
of this process. He distinguishes four oclasses of poly~
embryony which are as follows:

Sporophytic polyembryony.~-idventitious embryos originate
from the nucellus or from integuments by sporephytic budding.

Maheshwari (22) states that the development of such embryos
starts soon after flowering in enlarged cells of the integu~
ment or nucellus. These cells actively divide to form small
groups of cells which push their way into the embryo-sac and
grow further to form embryos. Frost (14) showed that in

eitrus, adventitious embryos develop from the nucellus by

budding. 4n example of sporophytic embryos froam integuments



was reported by Juliane (18) in Mangifera. The sporophytic
embryos thus formed have dbeen reported to replace the normal
exbryos in some cases, while in other cases the gametic
embryo aleo develope. Sinoce the adventitious embryos are
maternal in derivation, the seedlinge arising from them are
genetically 1dentical to the parent plant.

There has been a difference of opinion regarding
the effect of pollination or fertilization on the develop~
ment of sporophytic embryos. Maheshwari (22) thinks that
such embryos may be completely independent of pollination
and fertilization or may be stimulated by one or beth of
these factors. Wright (37) thought that this type of embryo
developed without pollination and fertilization. Frost (14)
and Wong (35) concluded that fruite might develop partheno=
carpieally, but pollination was necessary for seed forma-
tion,

Clesvage polygmbryony.-~iebber (34) describes this as the
type of polyembryony in which the zygote or proembryo divides

into two or more units, each of which develops into an iae
dependent embryo. This type of polyemdryony, according to
Webber (34) and Maheshwari (22), is common in gymnosperms.
In angiosperms, 1ts occurrence is sporadic. Jeffery (17)
found this type of polyembryony in Erythronium americapum.
It has also been reported in Tulipa, Crotallaris by Skovsted
(29), in Elcotigna by Cooper (7), in Holoug by Webber (34),



and in many orchids. Orchidaceae has been reported (22) as
the only family in which cleavage polyembryony seems 10 be
the most frequent type.

Since the embryos in cleavage polyembryony origine
ate from a single embryo, the resulting seedlings are genete
ically identical. A

Simple polysmbryony.~~In this case, two or more eggs develop
in a single embryoesac., These eggs may arise from a single
megaspore, or some of the asynergids or antipodals may funoe
tion ae eggs. Webber (34) reports that in gymnosperas,
several egge are derived from a single megaspore and unite
with the sperms., The sperms from the one to several micro-
spores, which germinate within the micropyle, allow fertilie
zation for several independent embryos in a single embryoe
sac. In anglosperms neither plural eggs nor multiple sperms
are produced; therefore, Webber (34) thinks that it 1is
questionable whether this type of polyembryeony oceurs in
anglosperms or not. In his opinion, however, the simple
polyembryony in anglosperms might be the result of develop~
ment of synergids into eggs. In Sagcharum, however, Dutt
and Krishnasuami (9) reported the cccurrence of multiple
sperms by the division of generative nucleus and in a later
paper Dutt and Subba Rao (10) reported that adventitious
enbryos are derived from the fertilization of synergids.
Several other cases have been cited by Haheshwari (22) in
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whioch multiple embryos arise either from antipodals or from

synergids. Marshall (23) fouand that in tomatoes, simple
polyembryony ocours. However, he did not indicate whether
the adventitious embryocs developed from the synergids or
from the division of the zygote. MNoreover, Harshall's ree
sults are still to be confirmed as Poskett (12) found genete
ieally identical twins, indicating cleavage embryony.

Zupleid polyembryony.--fuploid polyembryony has been describe
ed by Huntsing (24) as the type of polyembryony in which
multiple embryos may give rise to haploid, diploid, triploid,
and tetraploid plants,

The developament of euploid twins has been explaline
ed by Muntzing (24) after his studies of this type of meed-
linge in different genera of Graminae., He states that some~
times two megaspores develop in an ovule which give rise to
haploid embryoesacs, but occasionally an unreduced embryo-
sac may arise Irom the accessory megasporocyte. The eggs in
these embryo-sacs may give rise to twin embryos partheno=
genetically or after fertilization. The triploid-triploid
twins, sccording to him, are formed from unreduced sister
megaspores while tetraploid twins develop by somatic chromo=-
somes doubling after pollination or possibly by doubling at
the beginning of the aposporie development.

DMfferent types of euploid polyembryony have been
reported in several anglosperm families. Rick (28) reported



seven diploids and one hapleolid in four palirs of twine in
tomatoes while Marshall (23) and Foskett (12) found diploide
diploid twins. In pepper, which is alse a solanaceous plant,
haploid-diploid twins were reported by Christensen (5). In
several plants, listed later in this review, haploidediploid,
haploid-triplold, dipleld-tripleoid, diploid-tetraplolid and
tripleidetriploid twins have been reported by various ine
vestigators.

Unclassifled gases of polyembryony.-~Several cases of poly~
eabryony have been reported in which the origin of multiple
embryos is not known, Webber (34) cited several such cases
under families as Gramineae, Solanaceae, Crucifereae,
Compositae, and Leguminosese. MNsheshwari (22) also gives a
description of special cases of polyembryony in which nothing
can be said with certainty about the nature and development
of a multiple embryos.

Ogcurrence of Polyembryony in Anglospera Families
Polyembryony has been reported in many anglospera
families, A few of these are tadbulated by types of polyese
bryony, together with literature citations.
I+ Plant femilies and genera in which sporophytie
polyenbryony ocours:
A+ Eubryo develops from nucellus tissue.
1. BRutaceae «

Citrus, Donolrus, Fortunella, Frost (13)




2,

Je

4,

5e

B

Anacardiaceae -

langzifera, Webber (32)
Halpighliaceae «

Hiptage, Subda Rao (31)
Myrtaceae -

Zugenia, ™11 (27)
Rosaceae =

Potentilla, Soueges (30)
Betulaceae -

Algus, Woodworth (36)

Bs ZEmbryo develops from integument.

1.

Myrtaceae -
Zugenia, P10 (27)
Rosaceae «

Zotentilla, Soueges (30)

I11. oxm polyeabryony occurs in the following
families:

1.

Je

4,

Loranthaceas -

loranthus, ¥Webber (34)
Iiliaceae ~

Erythropjum and Zullipa, Webber (34)
Lobelisceas -

Ledellas, Crete (4)
Leguninoseae =

ixifeljum, Hedicage, Skoveted (29)
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III. Simple polyembryony has been reported in the followe
ing plant fanilies and speciess
1. Hyetaginaceae =
Dosrhasvis, Kajale (19)
2. Graminese =
Sageherws, Dutt and Subba Reo (10)
3« Illiaceae -
Allium, Webber (34)
4, Betulaceas =
Alpus, Woodworth (36)
5« Solanaceae =

Lygepersigon, Marshall (23)

IV, Buploid polyembryony has been reported in the follow=
ing:
‘. mm. -

gossypium: Haploldediploid, Harland (15)
mnua—nﬁua: Webber (§ )
Diploldediploid, Endrissi zu)

Diploldetriploid, Beasley (2)

B. Graminese -
1. Qagtylis: Haploldediploid, Skovsted (29)
2. Iriticum: old~diploid, Muntsi 24
G Loid-triploid, ms:fa: (;;z
;ﬂ{ououmua. Munte (24)
ploid=diploid, Muntzing (24)

3 t Diploidetriploid, Munts 24
« i u{"naa-m’:xui. m\:::c(t )

4, Znleum: Diploidetriploid, Muntzsing (24)
5. ILelium: Diploidetriploid, Muntzing (24)
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6+« Avens: Diploid-triploid, Muntzing (24)
Ce Crucifereae «
Brassics: Uiplold-tetraploid, Howard (16)
Ds GSolanaceae =

1. Solanum: Haploidehaploid, Muntzing (24
Diplotdediploid, Muntsing ia&;

2« Capslcuums loid-diploid, Christensen (5
gﬂaauxﬁad Ohrietensen fsg

Lycopersicons Haplold-diploid, Rick (28)
a Diplofd-diplotd, Poskett (12)

4, Higotians: Haploldetriploid, Cooper (7)

L+ Rosageae «
Eyrus: Diploid-triploid, Bergstrom (4)
V. Unclassified cases of polyembryony.

4e Graminess =

1. Zlcusine, Bayliss (1)

2. Jestuca, Skovsted (29)

3« Avens, Skovsted (29)

4. Alopeeurus, Skoveted (29)

5. Lollum, Skovsted (29)
B. Leguninoseae =

1. Hedigago, Skovsted (29)

2. lotug, Skovsted (29)
O« Solanecceae -

Solanum, Bayliss (1)
De Orucifereae

Brassica, Skovsted (29)
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E. Compositeae =
Zinnia, Skovsted (29)

Uses of Polyembryomy

Twin plants have been suggested for solving
several bdotanical and agricultural problems. According to
Muntzing (24), of all the methods of inducing polyploidy,
the twin method is a relatively convenlent means of obtaine
ing heteroploid forms. MNoreover, as euplold twins are known
to ocour in a large number of genera, twinning may be a more
effective methed of obtaining heteroploid forams than other
methods. He further states that twinning may be useful for
studylng haploids and apomixis. Foskett (12) suggested
that where twins are proved to be ideantical, it may be
possible t0 use twin seedlings in research studles where
completely identlical geno~types are desired.

Purthermore, polyploid twins have been subjected
to many biological (Lamm, 21), cytological (Krishnaswami,
20) and morphologlceal studies (Muntszing, 24). From these
studies and similar work with diploeid plants, signifiocant

phylogenetic conclusions have been drawn.

Zolyembryony snd Heploldy

Haploid plants are of paramount importance in
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plant breeding. The chromosome number of haploid plants o
be doubled by colchicine, or they may rarely produce seed by
selfing, The progeny obtalned would be completely homosygous
for all genes, and thus genstically pure lines can be obtalne
¢d lamediately instead of by generations of inbreeding., Cook
(6) suggests haploidy for producing pure lines in tomatoes.
Huatsing (25) desoribes twinning as one of the
four methods of obtaining haploids in plants. The other
methods being delayed pollination, use of pollens that have
been exposed to heavy doses of Ie-ray for pollination, and
the use of pollen of a different specles. 32y twinaing he
obtained eleven haploid plants from six species. The species
were ordinary wheat, barley, timothy, cocksfoot, Keatucky
bluegress, and potato., The twin method, according to him
nay give falrly good results; however, it is very laborious
as very fow of the observed twins vere haploide in some
species. Horeover, the frequenoy of the twins is very low.
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Chapter III
MATERIALS AND METHODS

inberitance studies.

These studies were made on the tomato varieties
Red Jacket and Fremier, which have a low inclidence of twinne
ing and on 54«3-4, a line of Beefsteak variety which pro-
duced a high incidence of twianning. In the early spring of
1961, six plants of each of the above mentioned varieties
and lines were grown in the greenhouse. During the growth
of the plants all of the axillary buds vwere removed and the
plants were staked because of limited growing space. ZHach
line was selfed and reciprocal crosses vwere made between
lines believed to produce a high incidence of polyembryony
and those belleved to produce a low incidence.

Crosses were made by removing pollen from the
pollen parent with a mechanical vibrator onto a glass slide
and applying 1t to emasculated buds of the seed parent.
Only one flower in each inflorescence was used on the seed
parent and all other flowers and buds were removed before
tagging. The following progenies were thus obtained:
(Selfs and crosses)

a. Red Jacket

be Premier

Ce She3=4
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d. Red Jacket x S4e3«4
s 54«34 x Red Jacket
f. Premier x 54«34
8+ 5A=3«4 x Premier

Seedes were collected from the mature fruits and
all seeds of a glven pedigree were bulked and saved to obe
serve incldence of twinning and to grow P, plants.

¥, plants of each oross, along with each parent,
were grovwn in the field at Fort Collins during the summer
of 1962, The plants were started in the greenhouse in clay
pots and later transplanted t¢ the field.

Seeds from the above mentioned Py and parent
plants were collected in September 1962, Seeds from all
plants of each pedigree were bulked together and saved to
observe incidence of twinning in them,.

F, seeds saved from greenhouse crosses along with
selfed pareant seeds and Py seed along with the seeds of
parents obtained from the fleld were germinated in lots of
250 to 500 seeds each in the germinator oan dark germination
paper. The seeds were watered and checked for germination

and for twins every day. Each batch of seeds was kept in
the germinator for eleven days. The number of twins and
per cent germination in each lot were recorded oan the
eleventh day and the seedlings discarded,
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3eed ¥elght experiment.

It was suspected that twinning ocours more free
quently among heavy seeds within a given seed 10t than
among randomly selected seeds because of the presence of
two embryos. To test this it was decided to separate seeds
into different lots according to weight, Seeds of the
following varieties were separated by an alr column seed
separator (figure 1) into three classes.

Yarjety sSeurge

VP 145 B Seed Research Service
Campbell 1402 Clow Seed Company

VP 145 A Clow Seed Company
Valient Harris

Rutgers Harris

Campbell 1402 because of 1ts greater seed size
variabllity, was divided into four classes.

The seed classes will be referred to as 1, 2, 3,
or 4, indicating the settings on the seed separator. These
settings refer, in turn, to the alr veloeclty which 1ifts
" the seed and results in the lighter seed belng raised to
the baffle plates located in the alr column. ¥While light
seed 1s thus usually separated from heavier seed, the type
of separation is such that flat, wide seed, which is more
buoyant, is more likely to rise to the baffle plates than
thicker and narrovwer seed of the same weight. The highest
numbered weight class, normally the heaviest class,



Figure 1l.--Air column seed separator used in seed weight
experiment.
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occasionally weighed less than the next lower numbered class,
indicating that this phenomenon sometimes occurred.

A measured sample of seed, approximately one~half
ounce, was put in the separator, which was timed for one
minute of separating time to minimize differences due to a
differential resistance of varying seed lot volumes and to
different lengths of operating time. Each clase was welghed
to determine the distridution of classes within the entire
population of each variety. lLots of 500 seeds were counted
from each class and weighed to determine the aversge welght
per seed. These seeds were germinated on germinating paper
in a Mangelsdorf germinator at 80° P, (unless otherwise
noted in the results) to observe the incidence of twinning
and per cent germination in each class. The twins along
with check non-twin plants, were then used for the variabile
ity studies.

deed treatment sxperiment.

: Chlorox, or a 5.25 per ceat solution of sodiua
hypochlorite, is commonly used to kill bascteria on seed coats.
This material also clarifies the seed coat tissue, enadling
observation of the embryo outline 1a yive with the naked
eye. To test the effectiveness of Chlorox in increasing the
detection of the number of polyembryonic seeds in a given
seed lot, beyond using heavy seeds, the following treataents
were included, The variety Beefsteak was used throughout
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this experiment because of its high incidence of twimning.
Where heavy seeds are meantioned, they were approximately
one-third of the original population.

Treatment 1. Heavy seeds were soaked in Chlorox
for five minutes and immediately washed thoroughly in tap
water. While they were still wet the seeds were examined
for indications of multiple embryos and those suspected of
containing them were germinated. Twin embryos were not
visible with the Chlorox treatment, although single embryo
outlines could be discerned in most seeds, Trestment 1 cone
sisted of those seeds in which the embryo outline was not
clearly visible.

Ireatuent 2. This treatment consisted of heavy
seeds, which were treated with Chlorex, but which clearly
showed embryo outlines.

Treatment 3. Seeds were Chlorox treated but not
welght separated.

Treatment 4. Heavy seeds which were not Chlorox
treated.

Treatuent S. A check treatment, in which seeds
were nelther weighte-separated nor Chlorox treated.

Except for treatments 1 and 2, all treatments cone
talned 100 seeds in each of five replications. Treataents
1 and 2 together contained 100 seeds per replication but
were separated into the two treatments on the basis of visual
exazination before germination.



20
Yariabillty experiment.

Seede which were observed to produce two roots in
the seed welght experiment were placed on molst germination
papers in covered petri dishes. Two seeds with single roots,
%0 be used as oontrol plants with each pair of twins, were
also saved from the same 1ot of seeds. They were then exe
posed to light and held there until the complete emergence
of seedlings. The seedlings were then planted in separate
four-inch pots in the greenhouse and each member of a twin
pair was marked as Jeled, Z=l=B, I=2=i, I=2«3, etc, The
seedling of each pair of twins that first emerged completely
from the seed was always designated as B. The respective
non-twin control plants with each peir of twins were label~
ed as 0f=l=i, OT=leB, Cl=2«i, CT=2=B, etc. The B and A
labeles were randonly alloted to the control plants,

Twine, along with control plants, were also obe-
tained from the varieties Helnz 1370 and VR Moscow for
variability studies.

The seedlings were transplanted into benches in
the greenhouse when they vwere approximately five to six
inches tall. About one square foot space was alloved for
each plant. The plants were pruned to single stems by re-
moving a1l the axillary duds and tied to stakes. The followe
ing observations were made in this experiment:

&. Date on which the first flower opened.

be Helight to the first flower.
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Helght of each of the four plants when the
first flower opened on the first of the

four plants.

Humber of nodes on the maln stem between
gotyledons and the first inflorescence.
Number of flowers in the first inflorescence.
Sunber of flowers in the second inflorescence.
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Chapter IV
RESULTS AND DISCUSSION

inheri tance.

Polyembryony was found to be heritable. Ian two
trials line S54«3«4, a line derived from a twin plant of the
variety Beefsteak, produced a greater incldence of twinaing
than all other lines tested.

In the first trial, 12 palirs of twine were found
in 500 seeds produced by selfing plants of line 54«34 (table
1), The incidence in this case was 1 in 23 germinated seed
or 1 in 31 when based on total number of seeds used. No
twins were found in 500 seeds each from the varieties
Premier and Red Jacket. All these seed lots were produced
in the greenhouse at the same time and under similar condi-
tions.

Flants from each of the above mentioned seed lots
were grown in the field at Port Collins during the suamer
of 1962, Seeds produced from these plants produced similar
results (tadble 2). 1In 1,600 seeds of line S54«3=4, 24 pairs
of twine were found. The incidence in this case was 1 in 60
germinated seeds or 1 in 67 when based on total number of
seeds used. There were no twins in 2,250 seeds each from
the varieties Premier and Red Jacket.

These data suggest that polyembryony is inherited.
In order to gain more information concerning the type of
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inheritance and also in order to begin incorporating a high
incidence of twinning into other lines, crosses were made
between line 54«3«4 and other varieties.

Because of the low incidence of twinning in most
lines 1t is not possidle to draw many conclusions regarding
the results from M seed (table 1). It is clear, however,
that polyembryony is also not purely materasl. Both
maternal and dominant inheritance would have resulted in a
high incidence of twins in certain crosses. For maternal
or simple dominant inheritance to have been the sole faotor,
the seed from the oross S4«3«4 x Red Jacket would have pro-
duced as many twins as 54«3«4 gelfed, at least in homosygous
plants.

The results from the Fp seed, harvested from M
plants in the fleld, give us additional information. Aside
from 54«34, the only seed lots that produced twins were
S54«3«4 x Premier and the reciprocal cross. These two lots
produced similar results: 1 in 375 and 1 in 563, The By
plants S4e3«4 x Red Jacket and Red Jacket x 54«3«4, on the
other hand, produced no twins. There is an indication here
that gene interactions are involved, since Fp seeds of
reciprocal orosses with Premier produced twins, while Pp
seeds from crosses with Red Jacket produced no twins.

The conclusions from this preliminary inheritance
study, then, are that inheritance of a high inocidence of
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Table 1l.,=-INCIDENCE OF TWINS POUND IN SEED OF THREE TOMATO
LINES ABD IN ¥
v HED WERE

e O o B pniien_——
jee Ho. scrn-' Germin~ No. erminate

103

543k 500 367 3.4 12 131 1122
Red Jacket 500 A2 84,2 0 o e
ShedebdxReds 500 401 80.2 2 11250  1:200
Redx54=3=4 500 486 97.2 0 oo e e
Prealer 500 400 80,0 0 e —————
Premier x

Shm3ed 500 430 98.0 1 13500 1:490
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Table 2,~~INCIDERCE OF TWIES POUND IN THREE TOMATO LINES AND
IN P, FPROGENY SEED (PLANTS FROM WHYCH SEEDS WERE OBTAINED

No. Per cent
Seed HOo. Germe= Germin- No, (4] A e ne
A s & . : n 2 &» .».!‘ 4 :"' ALK m

Slhe Fudy 1600 1446 90.3 ol 1166 1:60
Red Jacket 2250 2277 96.7 0 - - o o v v
S54e3eldxR.d. 2250 2090 92.8 0 —nwe [o——
R-J.XSQ-M 2250 aa‘ 98 .“’ O s - -
Premier 2250 1527 67.8 0 - ————
SheBadx

Premier 2250 2173 96.3 6 12375 131362
Fremier x

Sl Seady 2250 2125 94 .4 4 11562 1:570



26

twinning 1s not completely maternal, that it is not due to
a single dominant gene (in faot the genes appear to be
recessive) and that there appears to be an interaction of

genes,

Seed melght.
Table 3 shows the number of twins found in seed

lots of several tomato varieties after being separated into
at least three weight classes each by an alr column seed
separator. Because of the low frequencies of twins occure
ring in these seed lote it is difficult to draw conclusions
from these data. It should be noted, however, that in only
one case, in Campbell 1402, a twin was found in the smalle
est seeded welght class. This fact gives us the first ine
dication that seed welght is a factor in the detection of
twins.

In table 4 the data from all varieties in tabdle
5 were pooled to show the frequency of twins in the three
welght classes 2, 3, and 4, Here the inorease in frequeney
of twianing with increase in seed weight can easily dbe seen,
Seed weight class 2 produced only 1 twin in 6,000 seeds.
Germination was only 75.9 per cent in this class, but even
caloulating the incidence of polyembryos on the basis of
aumber germinated, rather than on the basis of nuaber of
seods used, the freguency is only 1 in 4566,

Seed welght class 3 produced 4 twins ia 6,000
seeds, or 1 in 1,500, Seed weight class 4 with an average
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Table 3,~-FREQUENCY OF TWINS FOUND IN SEED LOTS OF PIVE VARe
IETIES APTER SEPARATION INTO WEIGHT CLASSES BY AN AIR

Total Average lo. Percent
Welght Olass Weight/ No. of Germe= Germ= Ho. of

VFl45«38 2 16,56 2.18 1000 922 92.2 0
2 48,52 2.78 1000 936 93.6 0
2.92 3.70 1000 o44 94.4 6

Campbell
1402 2 1.74 1.42 500 234 46,8 1
3 14,02 2,76 500 428 85.6 0
4 31.55 3.32 500 :‘3 95.0 1
5 330 3.52 500 92.8 0
Vil45«4 2 4,14 1,72 2000 1563 78.1 0
3 26.%2 2,36 2000 lggg 91.2 z
4 15. 2.74 2000 1 96.2 2
Valiant 2 T«37T 2.16 2000 1379 68.9 0
2 50.59 2.56 2000 1800 90,0 2
8.88 2.58 2000 1851 92.5 =
Rutgers 2 6.42 2,66 500 468 93.6 0
2 17-% 2.82 500 472 94.4 0
2. 2,80 500 478 95.6 |
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EED LOTS SEPARATED INTO

rage Percent
Class Welght per No, of No, Germ= Germin- FNo. of
W— ~28ed _ Anated _ _ ation I¥ing
2 2,02 6000 4566 75.9 1
3 2.65 6000 5461 90.9 -

4 2.94 6000 5672 94 .7 12
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welght per seed of 2,94 mg. compared with 2.65 mg. in class

3s produced 12 twins in 6,000 seeds., Class 4 thus had a
frequenoy of 1 twin in 500 seeds. The frequency of twinning
in the entire population tested was 1 in 1058 similar to the
frequencies found by Foskett (12).

Table 4 supports the above mentioned findings
that twinning frequency is higher in heavy seeds. In the
following discussion it 1s shown that another method further
increases the chances of finding twins in a given seed lot,
but weight separation alone was also found to increase the
frequency in that experiment.

Shlorox treatment.

Soaking tomato seed in Chlorox for five minutes
to clarify the seed coat tissue was found to be effective in
facilitating the detection of polyembryos withian heavy seed
{tadble 5). The highest frequency of twinning was found by
first separating a seed lot of the variety Beefsteak in an
air column seed meparator. The heavy seeds, comprising
approximately one-~third of the origisal lot by volume, were
then kept and the rest discarded. 0Of these heavy seeds,

500 were treated with Chlorox and the clarified seeds were
then examined for twin embryos. Two emdryos could not be
discerned but it was found that in some seeds the embryo oute
line could de clearly seen, whereas in others no clear line
of demarcation was evident. These latter seeds were the
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