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ABSTRACT

_ The meaning xnd extent of vivipary among the
higher plants are considered. The nature of vivipary in
maize 88 reﬁorted'by_aarlier workers is compared with
observations made in this sgudy. The use of interchanges
among chromosomes of the basic_set (A-tyne chrsﬁoéomés)
and of'intefchangas between A.énd B-type chromosomes in
genetic studies is outlined. The results of g&ﬁet&c
studies with six viviparous mutants are raporte@. - Ex-~
periments involving the use of embryo culture techaiques
to elueidate the cause »f vivipary in maiée are d@scribéd;
Thése experiments revealed that viviparouss embryoé are
more tolerant of high carbon dioxide concentrations than
normal embiycs. Experiments to cheeck the role of the cob
in preventing prewature germination, ésiwell.as experi-~
&ents to detefmine ir aéetaldehyde plays a simflar role,
,yielded negative results. The totdl auxin contents of .
'viviparausAand normal seeds are reported. ‘Ko abvious
differences between the two clssses of seeds with regard
to this graﬁﬁﬁ substance was found. The significance
of thé genetic and embryo culture studies as it relates

to vivipary in maize is considered.
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INTHODUCTION

Most olants are cazable of surviving periods
unfavorable for their growth. In general this is done
by producting specialized structures such zs seeds, soores
or zygotes which are capablc of withstending wore extreune
conditions than the vegetative body of the »nlant.

Among the algae the zygote resulting from’the
fusion of two gametes freauently secretes a thick wall

about itself end remains in 2 resting state until condi-

tions are favorable for vegetative grovwth. In the funei,
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zygotes and spores are employed %o bridge per
adverse growing conditions. dcuwbers of the Bryophytes

snd Pteridophytes rely on spores. The spores and zygotoes
oroduced by these lower plants are relatively undiffer-
entisted, frequently consisting of a single‘celL which
uron germination nroduces the vegetative structures.

In the higher plints the seed is utilized for
this purpose, Unlike spores or zygotes a,Seed ls & com-
olicated structure, being composed of many cells znd shows
a high degree of differentiation. Within it is found the
enbryo which upon germination ylelds another nlant like
its parents. The seed 18 designed to fulfill the needs
of this exbryo. There are usually found outer coats
which serve to protect the embryo from the externsl envi-
ronment, and internal storage tissues which supply the

required nutrients while the embryo 1s germlnating.



Suech a complicated structure undoubtedly involves many'
complex reactions, most of which are essential to the de-
velopment of the seed and if interfered with by a mutation
of one of the controlling genes will result in sborted
seeds. However, reactions which can be disrupted without
producing lethal changes are to be expected. Changes
which are responsible for waxy, sugafy, shrunken znd
brittle endospern types in maize are examples of such
non-lethal effects.

After the egg nucleus is fertilized, the result-
ing zygote starts its eubryonic development. Such develop-
ment produces not Just & diaminutive copy of the parental
plant, but rather & structure speclalized for its role
in the propagation of the species.

It has been determined experimentally that
malze embryos are capable 5f germination soon after pol-
lination (La Kue, 18%6; Haagen-Smit et al. 1945), yet
in the developing caryopsis this does not take place.

This suggests the presence of a mechanism for preventing
precocious germination since the young embryo has an ex-
cellent food source in the endosperm, together with &an

adequate water supply. Some suggestions aé to what this
controiling wmechanise is will be made in a later section.

At maturity the mechanism for inhibiting ger-
mination is lost but thg seed is incapable of germination
due to its desiccated condition. However, if this control-

ling mechanism is lost prematurely, before the seed is

an
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too éry to pereit germination, nremature germination: of
seeds will result. ©Such seeds are occasionally observed
and in some 1lines of mzlze the characteristic avpears

t2 be under genic control. These prematufe gerninating
seeds ¥ill be called viviparous, the term used by Eyster
(18&1b) to describe these mutants in maize.

Ascherson (1875) described aprles which contained
premature germinating seeds.” In 1880, Treichel reported
observing the gericination of wheat and rye on the stalk.
dicKellar (1898) observed germinating seeds within a melon.
He zlso observed seedlings In lemons, oranges, cucumbers,
pumpkins, papaws snd other fleshy fruits. Oppenheimer
(19£2t) indicates that Savelll (1920) had observed seeds

gerainating in the capsule of Nicotiasna rustics, Citrus

limonum and seedlings on ears of corn. Bonner (unpublished)
obtained a variety of tomatoes which had a tendency to
produce germinating seeds within the fruit.

One of the earliest references to vivipary in
maize 1s that sade by Savelli (1920). Mangelsdorf (1923)
and Lindstrom (1923) briefly describe ears segregating
viviparous geeds. Eyster (19243) described a viviparous
mutant which was genotypieally similar to those described
by Mangelsdorf and‘Lindstrom. Also in this paper, he
considers briefly the significance af}the association
of white endosperm color and albino seedlings. In a
second paper the same year Eyster (18£4b) described a

second viviparous mutant phenotyp;cally identical to the



first one.

Mangslsdorf (1922) termed his cutants "germi-
nating seed" (ge) while Eyster (1954) named his P"primitive
sporophyte®, a term he chose because, "the saporophytes
of alil nonmseethaarin; plants, which presumably are wore
orimitive than seed-bearing plants are normelly vivinarous®
(Fyster, 1931b). In his later papcr Eyster (1971h) used
the term "vivipary? (¥p) to deseribes these muatants.

The puavers mentioned above wers snolely descerip-
tive in nature and aside from the alleslic test reported
nvy Fyster (1884b) in his second paper, no genetic studies
were reported.

Mangelsdorf (L986) described five different

viviparous mutants, incLuding the mutant of his previous

niper and the one describved by Lindstrom (19£3) the sume
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year. He also nostulated four additional zenss t) scceount
tor some ratioc encountered in segrerating ears. In addi-
tion he reported an indlication of linkage between E8, and
the gene for sugary endosperm in the fourth chromssome.
Considered slso in this paper is the rclationship of
vivipary to the lack of chlorophyll in the seedlings and
to the endospera color of the seed.

In a later puper, #Hangelsdorf (19&0) described
the results of intercrossing the various viviparous mutante
considered in his previous papers. Fars were obtained

which segregated viviparous seeds in aty;

These are explained by assuming five additional genes.
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1105 described in this vuper iz & vivigsrous mutant which
has »ink andoégerm color as well as pink »lumiles., This
mutant is probably the szme as one described by Sprague
(1cg€) which is wilelic to ¥p, of this paper. Hangelsdorf
(19:20) also indicated the possibility of sn additional

" gene which had not been tested against his other stocks.

In all Mangelisdor! demonstrated six different loci resson-

sible for premsture germination and postulated an addi-
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tional nine loci to explain sberrant rati
(19¢1b) guestioned the advisability of calling into ser-
vice sdditional genes Lo exnlain spurious ratios when
dealing with a character such as vivipery which can be
readily influenced by environmental conditions. In his
paper linkage relations of four viviparous mutants are

repprted. These reported linkages will be considered in

detail later.

THE NaTUnE OF VIVIPARY IN mallk

On tiue basls of endosperm and seedling pheno-
type which accompany the viviparous ceondition, the variaﬁs
viviparous mutants of corn csn be divided into three
classes, as follows: (L) those with vellow encoszperam
which produce green seedlings, (£) thocse with white or
pale yellow endosperm'which wroduce alblno scedlings
if grown in the light, but which have a2 blulsh-green

tinge if grown in the dark, znd (&) those with yellow-



pink endospera which produce seedlings that Llaeck chloro-
phyll but have a faint pink color when grown in the light,
but in addition will have z blulsh-green tinge if grown
in the dark. o

These three classes of vivigarous seeds have
previously been reosorted by various workers, kutants
of class one have been reported by Hangelsdord (1928,
1820) and Eyster (193lb). Mangelsdorf (1983, 1826, 1920),
Lindstrom (1825), end Eyster (1824a, b, 182lk) describe
uatants of class two ang briefl deseriptions of class
three asutants are given by Mangelsdorf (L82Z0) and Sprague

(L356) .

L. Vivipsrous Hutants of Cluss One

This group of matants i¢ represented by vpy
end ¥p, (which appesr to be allelie) and ¥ypg. These mutant

genes do not visgibly influence carotinold or chlorophyll

(%1

evelopment. Vivipazrousy, however, cdiffers from other
viviparous ty@es in that seeds homozygous for this gene
show 1ittle or no development of aleurone color. (The
genetical evidence for this will be considered in the
section on geneties). Vivipary in this matsnt does not
commence until late in the ontogeny of the caryopsis at
about the time aleurone eolor is develoning. This suggests
the possibility that germination might interfere with
development of c¢olor in the aleurone iayer. However,

aleurone color does develon in ¥Ros ¥Dg, and YDgs kernels,



than Dy This suggests that germination per ge i¢ not
res-onzible for Shis eolor inhibition but must be the
result of some peoculiar action 2f the vp, gene.

It is no* Knoyn i1 ¥pg ¢ ffeets aleurone color,

net

e

This mutant iz phenstypically ané renetically dist

mature germination of ¥ypg kernels 15 not
ton reliabl:s. On some ears only & sgsll nereentage of
the assedsz aro vivipoarsus. ngever; there 18 always pres-
ent sagthey clécs of sowds characte:ized by keins very

21 region of the germ as 1if the

o]
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shrunken in the genc

endosnerm hzd bheon digested in this area., If these see
are cogsbined with the viviecarous class, the expected &3
ratiy 1s very closely uwpproximated. 1In splte of poor.
geraination 1t is possible to obtain mature nomdiygous
¥35 »plants. The viviparows seeds proaduce wealk, dwarf
geaedlings which have zhort internodes and shﬁrt nointec
leaves, The mature ~lants are very dwarfed and often
roduce lzaves ﬁxteﬁding from the plant in all dircctions
duch & plant Is pictured in Figure l. Host of these plants

produce Tunctional tassels, but only & few are stroag enosugh

to produce an sar. ‘hen F; plants of a cro

.f:‘s

s of Vg snd

3 " & . Fad
standard are self-

2 polliinated, bath viviparous seeds and
gseeds with shrunken germs are produced. Th= two classes
of abnormal phenolypes total approximately & of

ry

seeds. The conditions responsible for the production



FLGURE 1

Homozygous Viviparosusg Plants

la. 1b.

Fig. la. Dwarfed viviparousg plant illustrating the leaf
arrangement that frequently occurs.

Figy 1b. Two homozygous vivioaroussy plants showing the
more typlcal dwarfed condition.
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of thesze classes of seeds are not understood. A histolog-
ical study of this mutant during the development of the
caryopsis would be helpful in znswering this problem.
Because these seeds cannot be distinguished until late

in ontogeny, such & study has not been undertaken. By
utilizing an appropriate technique, it should be possible
to select the VYpg seeds by the early milk stage. This.
technique involves the use of a translocation between
chromogomes 1 and 6 which is closely linked to vpg a&nd
the gene for yellow ondosperm (¥;). If a plant hetero-
zygous for guch a tranziocation, Jog and ZL is self-pol-
linated or backecrossed to & whiteQEhdosperm-viviparousg
slant, eadosperm color will be qiosely linked to ¥2g»

and thus it will be possible to distinguish between Voq
and normal seeds at an early stage in developument. This
technligue will be discussed in more detzil in the section

on ilinkage methods.

B. Viviparous Mutants of Class Two

Viviparous,_, viviparous_, and viviparous_ are
- o b

representative of this class of mutants, which are interest-
ing because of the aoparent lack of carotinoids and chlo-
rophyll developuent zccoupenying the expression oflvivipary.
Bandurski (unpublished) measured the total carot-
inoid content of seedlings of viviparousg on & Beckman
Model D. 0. Spgctraphotometer at 440 mu. He found the total

density at this wave length was less than 5% of the density



of & similar welght of normal materiél.~ No suggestion
of any cdmpound possesaing typical'cafotinoid.abﬁorption
was abqervgd. |

. The rel&tionsaig of vivipary to the inhibition
of carotinoids and chl oxaphyll development was interpreted
differently by Lyster (i984a, b, 19$31lb) and Mangelsdorf
(1e56). Fyster assumed close linksge between the gene
reépoﬁsible for vivipary &nd.ugother gene which inhibits
éhlorophyll and carotinoid formation. He reported obtain-
ing twenty-two pzle non-vivipearous S@Edﬁ which yielded
twenty-one green seedlings and one_aibino Seedling upon
germinution. These twenty-iwo sg&ds'he cohs;déred to be
Crossovers (Eyster, 1924a). These results can be explained
by hetero-fertilization and will be éanside;ed telow.
In 1931 he reported obtaining a-few_green_viviparous
seedlings which, when grown to maturlty, producec & cnlo-
raphyilfb&aring gtrain of viviparous malze. He did not
report any tests to determine if the derived ¢chlorophyL1l-
beuring strain was allelic to the originaz aléinn mutant.
- Bince this was not done the possibility that there wus
a geneticaily‘diStincb chlarophyll?beariﬁg strain seg-
regating in his stock hus not been excluded. |
ﬁangalsdorf (1e286) did not agree with Fyster's
1aterpret&tion of c¢lose iiﬂkage.- He pcinued>out that
lit wus extremely unli&e;y tnat 8¢ &any viviparoua munants"
_wauld OCbur, each closely linked ta & factar responsible

ffor producing white endosperm and albino seedlings. At
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least nine such zutants fro on uifferent sources have hecn
described,

¥angelsdorf (1 926) also observed that some of
the white seeds on segregating ears were dcrmant, and
ag was the czse with those found by Lysver in 1904, tlese
procuced gfeen séédlinga. Eut, whereas. fyster resorted
only on ithe secdling stage, amng(;:dorf grew his 3?ants
to maturity end self-pollinated them. If this type of
seced is the result of crossing over, the self-pollinzted

eay should produce only white seeds.  This wes not the

J

casze. ALl of thesa eors segregated yellow and white

{

seeds. In this study plants from nine such seeds-have
been grown end self-pollinated. All the resulting ears
were found to be segregating for white endosperm and
albino viviparous seedlinge.

Mangelsdorf (12£6) explained such exceptional

seeds &s & physiological corrclatian betveen vivipary,
endosners color end chlorophyll formation.  He szectioned
imnature viviparous seeds and reported that there was
évidence nf germination even at the esrly milk'stage,v
which suggested to him the possibility that the process
of germinstion ;nterféred with c¢olor dep asltion.; On this
interpretation he expiaiﬁeé the'twu,diScinct cl&saeé of
viviperous mutants. Those'whichuénart gefmin&ting at an
early stage interfere with color éepositioé and,‘thereféfe;
result in white seedeg, while those mutanta th&t are char-

acterized by yellow endosperm do¢not start to germinate



until aftzr color deposition has been o ccamali*h?d The
exceptional classes are explained as the rosult of varia-
tions in this mechanisn, 7

This explanation is inédequéﬁe for the follow-

~ 5
ing reasons:

: Eat@ntg used 1In thig study have chown

Lo abviads signs of gerwination (i.e., elongatisn of the
coleoptile and root or enliurgement of the scutellum)
uantil late in the development of tﬁﬁ seed. Cesruinstion
starts in ¥pg s-eés sbout £€ to £9 cays after pollination

vhile seeds of ¥pg do nmat show signs of germination until

3

o,
¢

-£¢ days after pollination. This is considerc biy later

ct

han the initistlion of color in the enﬁQsperm.

£. Qccusionally sars segreguting ¥os
‘heve been found with & high frecuency of white seeds that
beeoue dormant. Since these seeds did no? gersinate,
it would be expected, under ﬁangalsdo:f's interpretation,

th=t they should be yellow.

[
4
i

-+
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e excentiosnal classes of ceeds
zre explained by chence varizstion of the gerninsting wesch-

apiem, it would he =upected that these chsnce varictions

}Jo

oeeurring in scoeds of viviparous wutants cheracterisead

T

3

by yellow endosperas and green seedlings would ocensionally
produce a seed with & white endosperm.  These are never
found,

8prague (19Z5) explained the existence of

- analogous clusses of seeds on ears segregating for Y2,



as the result of hetero-fertilization. This term was
first used by Sprague (1929) to describe exceptiona
seeds which have embryos and endosgperms of different
" genetic constitutions. In a later paper such seeds were
shown to result frowm the fusion of the egg and polar
nuclei with sperm nuclel from two pollen grains'of unlike
genotynes (Sprague, 1282).

Upon self-pollinating a plent heterozygous
for one of the albino—pale—endosperm-ﬁiviparous mutants
occasional seeds that are the product of hetero-fertili-
zation are expected. Only seeds resulting from female
gametophytes in which the egg nucleus and polar fusioh
nucleus both carry the vivip&rous'gene can show hetero-
fertili;ation. If the egg nucleus is fertilized by a
spern frowm a pollen gralin carrying a noﬁ—mutant aliecle
and the polar fusion nucieus unites with a sgeru froa
a pollen grain which carries the matant allele; the result-
ing seed wiil have & pale endosperm and a non-viviparous
enbryo. The twenty-omne non-viviparous-white endosgerm
seeds which produced green seedlings reported by fEyster
(19242) =nd similar ones reported by H#angelsdorf (19£6)
can be explained as the product'bf such hetero-fertili-
zation. ALl plants resulting froa such seeds which have
been grown to maturity and self-pollinated have produced
ears which segregate for vivipary. Mangelsdorf (1926)
realized that this class of seseds was difficult to explain

by his hypothesls sincelthe>embryos rexmain dormant angd

o)
e



therefore color &&pvsition éhéuldlproceed unhindared by
starch digestion induced by & germinating embryg, This
class »f geed ig readlily éxpléinable on the_baéis of
hetero—fertiliz&fion. _

The jellow seeds which produce altino vivinarous
seedlings describéd-by Mangelsdorf (1986) are recoghized
as the nroduct of thélreverse;éombinaticﬁ iniwhich the
polar nuclel unite with the sperm from s sollen grain
carrying the normal ali@le wiile the egg nucleus is ferti-
- lized by the éperm from the pollien grain caﬁrying the

matant allele. | ' ;
| l | Both classes of exceptionsl seeds described
by dangelsdarf (1926) and Eysterv(1924a, b, igélb) are
readily exploinable as the result of .
ﬁéngelsdorf (1928) suggested that the sbsence
of chioraphyll in the viviparaus seedlings of this class
of mutants aight result from the 1nhibition of chloronhyll
formation'byxthe'gét of oremature germination of the vivi-
parous embryos. In supvort of this'hjpcthesis he describes
some viviparoﬁs seeds which océasionally‘&re found to have
'chlorophyli. According to his‘hypothesié these are green
because the premature gérminationustarted tab Late 1o
inﬁé:fere with chloroghyli formation. He also vointed
oqt that he had never found a dormaﬁt white secd which
~ produced an albino seedling. |
. B Méngelédoff!s hypothesis and the two pleces

of corroborative e?idénce are inadequate for the



following reasons:
1. Fyster (1e£4a) reports finding one white

gorment sccd out of twenty-two which sroduced = ¥hite
seedling on gecrxzinating., This type of cecd igs nulte
frequeﬁt in zome of the stccké of viviparousg.

f. The fact that an occasional chlorophyll-
bearing viviparous s;ed is abﬁained is not im itself
corroborative evidence {or his hypa;hésis since earg that
¢re homozygpous far the normal alleles_af vivipary occo-
3ionally yield on: or more viviparous seeds 53 the result
of environmental factorec. OUntil the zlants from ihis

cliuss of seeds are grovn, sclf-pollinated snd backerossed

f.

to the original vivisarsus stock to determine if they are
homozygous for viviﬁary and, if e5, if Lrey &re *the same
vivinerous mutents z¢ the stock from which they arose,
such & seed can be consicered as one originating froo
environmental stimulation.

Z. Tre mosf convincing evidence against
Mspgeledorfts hypothezls 1s the resulﬁ af studiesz involv-
ing the culturing »f excised corn zabryos. Eleven day
old emtryne were removed from secds wnich were ton izaa-
ture 1o have nroduced ﬂnﬁaaperm‘calar. Thess were hLrans-

fered to & culture wediom enriched by a water exbrach of

mature corn. Eubryos placed on such = wedium coease 2a-
bryoanlec growla and procesd to geraldpate., ¥ost of these

eabryos were Loo lmuature to. produce aosrmal growth, but
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several did succeed in producing a leaf or two which were
normal with resect to chlorophyll formation. If Hungels-
dorf's hypothesis is correct these séedlings would be u
expected to lack chloraphyli because they germinated
quite.prematurely.

The preceding three points make 1L very un-

likely that the albiniem associated with vivipary is the

i)
0]
1
«
P.J
o
Q

£ the prematlure germinatian of the embryo.

If the so-cailed crossover classes mentioned
by Eyster {(15%4a, b, 1831lb) snd exceptional seeds reported
. by sangeledorf (18£6) are the result of hetero-fertiliza-
tion, it would appéar that the one mutant gEne expresses
itself in three ways phenotypically (i.e., inhibits the
formation of carotinoids in the endogperm znd seedling,
inhibits chlorophyll formation and induces prewature
gerﬁination}. Although the step affected by this gene
ig not known, it 1s possible that some st&? leading to
the production of carotinoids is blocked thréugh its
action. Thig will account for the lack of carotinoids
in toth the endosperm and exbryo of the mutant seeds.
It is interesting to note that there are no reporte of
vplants ﬁith‘chlaro;hyil without carotinoids also being
bpresent. This has led some workers to suggest that the
phytyl side chaln of the chlorophyll molecule might be
derived from é carotinold or some closely reluted substance.

If this is the case, then it is obvious that a gene inter-



| 17
fering with the production of carstinolds could &lso
inhibit the formation of chlorophyll. | |

| maruﬁ (1948) and Davis (1950) th& repoxbed
mutant Surains af eurospgg crassa and E. goli, respec~
tively, whlch have multiple requirements for growth sub—
\stancesf These writers postulate a gene block té the
formaﬁion of & c@mmaﬁ precursor of &1l the reéuired growth
substénees. This sﬁggests a mechanisw by which a single
gene coﬁié gfoduce multiple phenotypic effects as those

‘obgerved in viviparous strains of corn.

Cs V;vipérggg ¥utants of Class Three

Viviﬁarou37 is the only reﬁresentatiVS of this
cLass. The piak calof orgduced by this mutant can be ¢b4
bsérved in the developing caryopsis at the time yellowing
‘bf the}ehdasperms of normal seeds on the same ear takes
place. The {usature endospersa is an intense pink which
ffades as the seed m&tu#es; becoming’more of an srange'
color appafehﬁiy dué to}thé taying down of yellow pig-
ments; At'matufity-these seeds are gometimes rather
giffiecult to ae@érate, by ¢Florp éf'the endosperm alone,

becau@e the pink pigment becomes masked by the yellow.
E prelimlnary studies of the carotinoid content
~of ma*ure secds of tnis mutant revealed that 1t is strik-
inhly different from that f&und in normsl seeds segre-
gating on the same sar. -5eparation of the various carot-

inoid components from‘a petroleum ether extract of Yoo
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seeds by absorbing them on a magnesium oxide chromato-
graphic column revealed that these seceds lacked most,
if not all, the color bands faund with a similar analysis
of normal seeds. In addition, the viviparous seecds showed
several carotinoid-like bands that did not appear in the
normals. These various components of normal and vivip-
arous seeds have not been identified. However, the pre-
limiﬁary results indicate that the ¥py gene allers, very
markedly, the normal carotinold development of the seced.

Additionusl evidence that this gene 1s involved
in the carotinoid metabolism of the plant is demonstrated
by combining it with the white allele of the gene for
yellow eﬁdosperm fdund on chromosome six. -Seg'ﬁ that
are homozygous for the white allele znd also for YD
have white cndosperms and pink viviparous émbryas. “hite
seeds not carrying the Ypy allele have endosperms lacking
in carotinoid pigments, but produce seediings with normal
carotinoid and chlorophyll development. In the double
recessive seeds no pink color develops in the endospern,
but'ﬁhe'vivjparous7 embrya i3z pink. Thus, in the enéoaperm
where no carotinoid pigments are produced no pink.pigment
is formed, and in the endosperm where normally carotinoids
are broduced the pink pigment is found.

‘The lack of chlorophyll in this matant sgain
emphasizes the dependenee of this'pigmont an c&fqtinaid

production.
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Summary of fhe r‘lrmmc’cer;,_.'gtixcﬂ of the Viviparous

| The charaéteristics of all viviparous mutantsj

ccnsidefed in this

TADLL 1

Color of

study are summarized in Table 1.

Leurone _Color of Color of
gl Joe ~ in presence Color of seedling seedling .
=~ Time of germ. of A}ApCRPr endosperm in light in dark
IVpi ;até_dough | colorless yellow  graen -
;, §ate-dough purpie white white -
Vp. widdle dough o »'ﬁhite white bluish-
2 s ) i green
h e : tinge
;’  }Qfdd1e daugh' ourple gink - pink pink +
Ml o : e s bluish-
Cre green
= v ‘tinge
Q;%p8- éxactvt1me - yeliﬁ? green -
L ras i ffieukt to & “ (dwarf
determine - plants)
¥pe . middle dough purple shite  white blui sh-
S S : gresen
tinge

"5?5@1&3 Tsoas G&ED 70 ;%ﬁ&TE,GLNES

Besides the coaventional method af locating

.Qfgenes by obtaining 1ndications of linkage aith Known genes,

"Htwo soeci&l tools were used namely, translocations be~

'1twaeu different chramosames ot the baaic set -and trans-




locations involving & chromosome of the basic set and
& B-type chromosome. An outline of the use of these tools
for locating unknown mutants will show the advantage

gained by employing them,

A, Translocations

In maize, mutant genes affecting the endosperm
are some of the best genes for linkage studies, but the
nuzber of good endosperm mutants which can be used for
this éurpose is limited. This handicap can be overcome
by choosing the oroper translbcations. For . example,
1f a translocation 1s selected which involves chromosome
nine in the region of the waxy gene and has the other
“break in chromosome one it is possible thén‘to show link-
age between waxy ahd genes In the first chromosome.

?rénslccation 1-6, will be used to demonstfate
this technique. We can represent the configuration formed
by these chromosomes in a plant heterozygous for the trans-

location diagrammatically as follows:




£l
‘rThe unal ered chramosomes are indicated by the numbers |
,l ané 8, while 19 regresenfs the translccateé chromossme ,
which has the centramer@ of. 1 with the translaeated piece
of 8 attached and 91 represents the translocated chro-
- mosome which has the 9 centram&re and the translocated
9190& of chroma&sme % attached.

" The several different 2~? comhiu&tions which
irgSult from thelsegregation of these chromogomes at meio- -

‘sis are as follows:

¥ resulting from ulternate segregation,
19 - gl o
93.:_. : C . ' s
e resulting from adjacent-one segregation,
12 -9 - - |
T -1 ER P ) oy
resulting from adsaeenﬁutwa.segregatiam,

g -9t

fﬁccﬁfdihg to Burnhaﬁ (1949, 1950) ad jacent-two segregation.
':occurs only when no crossing over takes pl&ce in the |
_\1nterstitlal segmﬁnt. ‘ |

| ﬁicrosgcraa graduced fcllnwing &lternace segre-
gatian h&ve balanced chramoscmg complemﬁnts, either L PR
8oor 19 81 4 Thesa devwlon ints ncrmal laoking fuactional
-Jnoiien grains well filheé with s*arch. The-cqrresgonﬁing_
"microsggrﬂsﬁpradqced following.adjaeent segregation have
unbéianéedjéﬁfémDSQma coﬁple&eﬁts and'develop into non-

: functionml abartiVe pollen grains which may be empty or

-fpartly*filled with starch. Altern&te and adjacent segre-



gations occur'with‘eQual frequeacy'giving‘rise't0»§cllen
which 18 "semisterilen, .Semisterility‘produced by such
2 heterazyggds‘trahélocatian behaves like a dominant
character and cén be:uséd as such. Gince the only func-
tional gametes pvéﬁuced by‘asplaht heterazygouslfar the
~translocation are thoée carrying chromosomes one an&>
nine znd those carrying 1® plua gl, the point of trans-
location in the two Pran«located chromosames must always
be included in the saace gawete and thus thgse points are
completely Linked. 8imilarly the corresponding points
'ah the untranskocatéd'chromosomes.must be'compl@t&ly"
linked. Therefore, genes in 5&@ cﬁromoéame closely linked
to ‘the painf of brﬁaxage will be linked to genes in the
other chramosame ciaaw to the translacatian po;nt.
By seleeting_the appropriate translocations-

it is now péssfble:towusé the few gaad_endoéperm g&nes to
test for iinkége in a;l'chioﬁasomes of ‘the complemént,'
Stocks: of trénslocatiéns which have one bresk in chroﬁg-
some'nine éldse to. the waxy (g;) lacﬁs wﬁile the other
_breaks are in varisus of the other chromosomes and similar
~stocks of translocations involving the recessive gene
sugary Qgg)Lhave beéniestabliqhed.v Such tfanslocatiods
enable one to use the excel . nt genes, ;; and su, for
linkage studies in atl chramobomes of the comnlement.

_To 1ocate an unknown gene that is not linked
to wx or 8y crosses can be made to stocks of transloca-

tions clssely.iinked to these génes,"The’FE'ratios from
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such er533e$ caa'be obéervedrfﬁr ény‘indicatiqn-af link§ 
age %ihh ux ar‘su;‘ Indications of linkagé with'thegé7ﬁeaés
will Lhen reveal that fhe unplaced gene is cn rﬁs 3+her
.chromssame 1av01ved in the tvaq lacation. ;h@ transloca~

tion san alsn.betuged as a3 wariker in a backcross ﬁest-ha

&

'determine ths'nasitiﬁn of the gene on ﬁha'éhrqmoéame.-
| The bra&% positions of -ths traﬁszdcéﬁian ean
be es ablished cytal:gi ally and t;us give some indicu-
”tians as to. the physical 7acafion af *hﬂ gene on the
4chr3moaome. | |
qu has bﬂen madn vP,*ranglabatians in *ais
Aatudj to locate a chromosome carryina an unknawn gene
»gnd algo in mapping positlana of genes.
L Tﬁe tranzlocations used in this étudy aﬁd tﬁe

cytological positions of the breuks are given in Table 2.

_ B. ‘Trans loca ions Involving B-Type ¢ hroma omes

B&sides the bn&ic set af cbrvmoqem s (A-type)
.maizé ey ulso cantain variouSunnmbers of supernumér&ry
chramasomez which’ have been de%ivna ed o8 B-type., In &
g*ven pﬁgul&tion thw'numbfr of “«uyps chromas om@g_m&y vary
frcmvgiantkto plant. Ra kpr (1941) 1ngi ates that
plante withyffam one to ten of these supern"mﬁ'ary chro-
.fmosameﬂ are phenotypically indigtinwuish ble from those
;lacxing them.,, '

Ram&n (1“47, 4&) has deﬂcrioad the beh%vior

of ‘two A~E interchange He_was~ab1e to show by using
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&~Biiuterchangas that the unuéuai'inheritance pattern of
'tné B«type chromosomes, as reported by Randolph (1g41)
and Longley (1827), was the,result o£ nan—diSJunctian in
the @sle gametophyte of the B ¢entt3mere at the division
of the generativg-nucieus to produce the two gametic
nuclei, T eE | » - '
The behavior Sf the translocation between a

~-type chromosome and the short.arm of chromosome four in
the devaiapmﬁnt af the pollen grain is dlag '*wwt*ca ly
shown in Flgure 2. _

'As‘thé'result of non-disjunction of the E'cantro—’
mere the two g°m>tic nuclei differ in respect to their
genctic constitution. One has the transiocated portion
of chromasomc {our in du liCate (hyperploid gaumete), while
the ather is ueiic1°nt far this section (deficient gamete),.
'Lath of these gazetes are funciian*l thug, there are two
ﬁossihilitie when ferti*ization takes place: (1) the
hypcrploid gamctc can fertilize the ng and the de i101ent
' fuse witb the solar nuuLFl, and (h) tha hyperploid gameue
an fase wlth polar nuclei ﬂnd the déflciant_gamﬁtevfgrtil—
ixe the CEE. 1% is; therefore, possitle by usging £-B 1ﬁter—
chunge~nlants as'aoi en uarean to gbf in seeds with ‘
ﬁ&br]&“ or @QQJ@QQ?Q& that are d&fici&nt for a section
of chroma 30WE o Fur thig reason A-B inferchunges can
.-be ased Lo LQLuif un&nO&n Teces bivn genes. The recessive

charﬁcter wxxl be observed in the ﬁl progeny 1f the gene
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FI1GURE 2

Generative
nucleus

Pollen
licrospore
nucleus

Vegetative
nucleus

- The probéble behavior of translocation B-4a in the develop-
ment ‘of - the pollen'grain (Redrawn from Roman, 1947, p. Z89).
; . \ :
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is located in the portion of the chromosome that is attached
to the B centroaere (foman 1547).

A-B interchaenges are also useful in studying

H

subryo-endosperm int:ractions of some of the viviparous
mutents. I1f the gene responsible for vivipary is located
in a section of a chromosome that has been translocated

to & B centromere, then two classes of secds are readily
obtainable by vollinating a plant cerrying the ﬁutant
all&la‘with this A-B interchange pollen. In such a cross,
if the deficient gaumete fuses with the egg, and the hyper-
ploic gamete fuses with the polar nuclel, a mutant-eubryo,
nornal-endosperm secd 1s produced. Heciproceslly, if

the hyperploid gamete unites with the egg‘an‘ the defi-
cient gaméte fuses with the polar nuclei, a normal-embryo,
mutant#enéasperm seed results.,

The results obtained from employing A-D inter-
chunges as outlined in the previous paragraph will be
considered in a later section.

The A-DB translocations used in these studies

are listed in Table &.



A-B Interchanges Used in This Eiudy

Position of break-

Cytological position points relative to
Interchange* of break pointgits marker genes

B-1la PR S Proximal to hm

E-1b S next to centromere

B-4a 5 25 Broximal to su

B-7b L 3 Between Vg &.ra

B-8a L «b

B-gb 5 .4 Between wx and ¢;
less than 1% c.o.
between breakage
point and wX

B-10a _ .

.4 Proximal to g

s

Bumber refers to the chromosome involved in the inter-
change. ' : -

The position of the break point ig given as the dis-
tence from the centromere in the long (L) or short (&)
arm of the chromosome asg a fraction of the total length
of the arm.
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GENETIC STUDIES INVOLVILG VIVIPAROUS,

Eyster (1924a) originally described viviparous;
as a pale endospera albino secdling mutant. In 18&1 he
reports obtaining a strain of green viviparous maize
from the original stock of yp,. Such greeﬁvviviparcus
plants have never been observed in stocks of ¥p,, ¥pg,
and ¥pg in the present author's cultures. These mutants
are all characterized by pale cndosperm and albino seed-
lings. Eyster reports no crosses between the green and
zlbino strains of ggl.to deter@ine if the two are.allelic.
Thus, there is a cossibiiity that the original ¥p, wutant
and the derived green one might be different mutants.

~ The stock of vp, obtained from the haize Genetics
Caéperatién for this study was evidently derived from the
green le strain and this term will henceforth be used
to indicate the vp, mutant obtained from the HMalze Genetlcs
‘Ccéperation. This mutant gene has no influénce on endo-
spef& color, except that it produces a pale crown on
same‘éf the mbre advanced viviparous seeds, and does not
iﬁtarfere with the production of chlorophyll.
% ‘Stocks of yp; and ¥p,, also described by Eyster
:(isﬁlb), obtained from the Maize Geée@ics Cooperation
proved. to be allelic when crossed tagether. A possitle
bookkeeping error during the time these mutants were be-
ing perpetuated could have been responsibie.for the two

stocks carrying the same gene. However, [yster (1931lb)
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does not revort an allelic test between the two strains
and¢ his evidence for two different mutants seems to be
based on different apparent linkage relszstions.
Viviparansl'was reported as béing linked to R
with only 02.15% crossing over, As will be shown later
there is a distinet possibility that this is only apparent
linkage caﬁseﬁ by inhibition>of aleurone ¢3lor when the

¥p; gens is homozygous. Using data derived from two F,

ears totaling 496 seeds, Fyster (1931b) estimated thet “here
was approximately 254 crossing over between viviparous,
and the golden locué; The abo%& evidence is pot suffi-
clent to place ggl on chromosome ten.
| The evidence given for the location of ¥p,
in chrowmosome nine is based on one Fo ear heterozygous
for this mutant aﬁd'for shrunken (sh). This ear yielded
the following classes of seeds: Sh Vp 200, sh Vp 14,
&h vp 22, and gh jg 87. Using these data he calculated

11.8 crossover units between vy, and sh (Eyster 182Z1D).

4
That this is a gaér ear to base Fo linxage on can readily

be seen by summing the non-viviparous and viviparoué classes
which give values of S1l4 and 108, respectively.‘ Similarly,
summihg thé han~shrunken and shrunken classes ylelds
 values of 28 and 101l. These values deviate considerably
from the exnected 3:1 ratio.

| The linkage data reported by Eyster (19&1lb)
are not sufficient to eliminate possible allelism of the

original viviparous; wnd viviparou54 mutants. Hereafter,



vp; will be used to designate progeny from the original
¥p1 snd ¥ypy, stocks.

If Eyster's lihkage information 1s correct,
this mutant shéuld be elther on the short arm of chro-
mosome nine or the long aram of chromosome ten.

Crosses of B-10, which includes the loci of
£ @nd g, to three homozygous and seven known heterozygous
¥p; plants proved concilusively that the mutant 1s'not in
thé long ara of chromosome ten inciluded in this trans-
locaﬁion. ‘Eight crosses of B-9b, which includes the loci
of_ﬁg and‘gz; and seven crosses of B-%a, which includes
the distal half or the lpng arms of chromosome nine, with
plants known to be heterozygous faf ¥py, gave no indica-
tions that the mutant was in either of the sections of
chromosome nine carried by these B centromeres.

Four F2 ears neterozygous for_ggl and sh gave
the'résults in Table 4. Both classes of viviparoué seeds
have been grouped together because of the difficulty in
‘distinguishing the doulble recessive. This ratio closely
fits ;he expected 9:13:4 ratio, having a chi square value
"of 1.086&. A deviation as large or Lsrger than this is
éxpected'by chahce about 50% of the time. This indicates

‘that there is no linkage between this mutant and shrunken.
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TABLE 4

F@ Ratios from Plants Heterszygaus for Shrunken
and Vzviparouai

Plant ~ Vp &h Vp sh vp
49-649-1 174 59 71
48-649-7 | 190 49 79
48-649-10 224 P 91
49-B51-5 14% 41 ~ 68

741 2% 209

The results of backceroszses of plants hetero-
zygous for wx and ypy Lo wx ey plants is given ia Table 5,
The calculated percentages of crossing over are 47.8 and

51.0, indicating no linxkage between thesc twd genes.

TABLL 5
Backcross Progenies of «~_El and gi—%ﬂ?
X vpy
Parent Parental Recombi- Percent recom-
family combinations _nations Total vinations
+ vp WX+ t++ wX vp

485842 147 164 148 140 598 £7.8
50-1627 1888 1874 1418 1386 5508 Bl

viviparousl with B-g%a, B-38b, B=10
and with the genes wx and gh show that vp; is not in
chromosome nine nor in the distal portion of the long

arm of ten.
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Testsvwith B-1la, ~lb; ~-4a, and ~-7b tesideg those
previously reported have feiled to reveal any further
information as to the locus of this gene. As yet no
indlication of its position has been obtained but further
crosseg are being planned.

This mutant is of special interest because 1t
inhivits the production of aleurone color in the presence
of doainant ALAEC and H.

Table & gives the resulls of 4 boeckeross lavolving
parents of the following genotype:

AlﬁlAﬁAkCcﬁerLVpl X Ay Ay A Clrrvp

-~

TADLE ©
o N F e Caads Alﬁgbd Vpl N ﬁlAgur vpPy
rogeny o he Cross: Alﬁgcr,Vpl ﬁiﬁgcr Py
- Non-vivipzrous Viviparous 7
Purple - Hon-purple Purple Non-purple
1487 1378 o 2742w

* 488 dllutely colored secds are included in this number.

If tne howonzygous viviparous phenotync inhitits
color formation and is independent of any 2f the color
genesg, a raﬁio of one c¢olored s=zed to three colorless
seeds with no colored viviparous seedsvis expected. Table 8

shows that this is the case.



The suppression of color formation in viviparous
seeds could explaln the llnkage indication with 8 réported
by Eyster (1851b) and which this study has falled to confiram,

| AR Occasional viviparous seed is found in the
progeny of the above cross which 1s very dilutely colored.
No analogous ciass of seeds is found cmong the normal seeds
on the same ear. Piants froa such seeds produce ears which
are homozygous for vivipary and have predominantly color-
less seeds wlth an occasiondi seed that is fainély colored.
Such faintly colored seeds could result from the failure of
the viviparous gene Lo completely suppress color fotmation.
GnﬂLTIG.S$UDIES IRVOLVING VIVIPAWOUS,

A stock of‘ggg was obtainedvfrom Malze Genetics
Coépefation‘ In this stock vp, seeds are smaller than
normal seeds on the same ear. It is not known if this
reduced size is the result of the ¥po allele or of & second
closely linkéd gene such as rgy or reo, as indicated by
Eyster (193la),

. Eyster (19Zla, b, 1935) repbrted linkage of this
.gene with Pr, ggl, g_z, §91 and ;2 on the basis of Fgq
data. The following map distgnces were calculated:

gz - Yp, 20 - 40
Yp

Res - ¥pp 0 - L.2
8o - Yo, 9.6
_Y_E e !22 5»5



Burnham reported ;in&&pe between this mutsnt and Pr of
£&% and betweea,@ﬁl ‘and I, of 9% as the result of FE
studies (1935). These data indicate that the gene is on
chromosome five. |

To check these vaiues a plant heterozygous {or
¥2, and Pr was out-crossed to a Pr tester. Plants from
31 of the red seeds und 20 of the purple seeds fesulting
from this cross were self-pollinated and the resulting
 8&?» checked for v ¥pyo seeds to determine the constitution
of the gametes eontributlng Qg or Pr with regard to YD

The rusults of this backcross can be sean_in Table 7.

TABLE 7
Bacxcross Frogeny of RI: y £ VDo
pr+ pr +
Parental combinations Recombinations Total 7 recombination
+  Vvp pr + + + por vp '
18 25 12 6 61 ' 285

GENLIIC STUDIES INVOLVING VIVIPAROUS

Seeds of this mutant were generously furnished
by Dr. Burnham. Tests for alleleism m&de between this
matant snd a phenatypiéally slmilar one furnished by |
Df,'Sprague revealed that the two mutants were alleles.

Occasionally seeds of this mutant will fail
to germinate. The exact conditions reépsnsible for

preventing germination are not Known.
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Plants heterozygous for vivipar0u55 and homo-
zygous Tor yellow endosperm pollinated by poilen of L-1lb

lants produce three classes of seeds: (1) yellow vivip-

(o

arous, (&) yellow dormant and (2) white dormant. These
results can be explained if the normal allele of ¥pg
is located in the section of the short arm of chromosonme

one attached to the B ceniromere. If the hyperploid sperm

o)

fertilizes the polar fusion nucleus and the deficient sperm
the egg nugleus of a female gametophyte which carries VDe»
class one seeds will resuilt. If the reverse combination
takes place, class two seeds will result.. Class three

seeds are produced by siumilar nuclear fuslons as described
for ciasses oﬁé and two, but the female gametes carry the
normal allele for vivipary.

Pollen from E-1b plants has been used on forty-
nine plants of families which are expected to yield fifty
percent heterozygous ¥pg nlants. Of these forty-nine crosses
Aineteeﬂ nave produced the three classes af'seeds listed
above. V¥hite non-viviperous seeds from the above psllina-
tions should be heterozygous for Yo Beven such plants
were tested and all segregated vivipary.

In order to locate the positimn 2f this mutant
on the short arm of chromosome one, crosses were made %o
translocation 1-9,, which is linked to yx. A plant het-
erozygous for VDgs BX and translocation 1-9, was crossed
to a standard. Plants from the sceds of this cross were

grown and the pollen checked for sterility. These plants
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were then self-pollinated and the resulting ears classi-
this backeross can be seen

fied for VR - The results of

in Table 8,

ABLL 8

Backcross Progeny of 2 O 0 o
+ +vps X +++

Parental . ; To- % Recombi-

Recouibinations ﬁecombination$ tal nation
Hegion 1 Region £ RHegion 1,7 Heg.l Beg.2

wxT+  ++vp wxtvp +T+ wxTvp +++ wx++ +Tvp

\

82 &8 5 0 L7 14 0 1 107 5.6 28.9

These data indicate that the gene 1s located
thirty units from the translocation. E&ince the truns-
1location bresk 1s only .17 of the cytologicel distance

froe the centromere on the short arm of chromosome one,

it is probable that ypy is distal to this break peint.

The crosses of this mutant with B-lb reveal some
'informatioﬁ as to the mecheénism involved in producing
vivipary. If only the seeds resulting from female game Lo~
ohytes carrying the viviparous allele are considered two
classes of seeds can be recognized with regard to the

genotype of the embryo and endosperm. These are given

in Table &,



TABLE 9

Endosperm and Embryo Genotypes Hesulting from the Pollination
of VD Gametophytes by B-~ib Pollen

CLASD 1 WLAES 2
Gametic Unions : Gametic Unions
Fgg - Hyperploid sperm Egg - Deficient sperm
Polar nuc.-Deficient sperm Polar nuc.-Hyperploid sperm
Eubryo vp VP VP ' vp
Enao- -
sperm vp Vp _ vp vp Vp Vp

These two classes of seeds should be useful in
determlning the separate roles of the endosperm and émbryo,
if any, in inducing premature germination. 1If premature
germination is produced by changes only ln the endosperm,
then seeds 2f class one should be viviﬁérous. If instead
the viviparsus gene is active only in ibe embryo in »ro-
aoting premature germination, then class two seeds should
be viviparous. Only seeds >f class two are 3bsérved to
germinate prematurely.

Sprague (1838) found a similar situstion with
viviparousqy mutants. As fhe result of hetero-fertiliza-
tion he Obtained seeds which had normal eabryos with
genetically viviparous endospermy znd &lso seeds with
normal_eadasperms which haé euwbryos that were genetically
viviparous. As in the case of viviparouss, only the seeds

with genetically viviparous embryos germinated prematurely.



£5 will be shown below, the situation is the same in
vivi@arausg. v

Ihése results indiéate'th&t‘Vivipary is deteré'
mined by the genatype of the embryo and is independent

of the genotype of the endosperm.

GENETIC STUDIES INVOLVING VIVIPARQUG

This mutant is characterized by pink endosperm
and pink scutellusi. The seedlings produced are also
pink and lack chlorophyll when germinated in the light,
but ha&e 4 faint bluish-green color if germinated in
darkness. Practicallyv&ll seeds of this mdtant germi~}
nate prematurely. |

Nine differént ﬁutanté of.th;svtype,'including
the one reported by Sprague (lE%G),-were.grown and inter-
crossed to tcgt for allelism. These tests indiéaﬁed‘that
all nine are allelic. - |

. Dr. Sprague (unpubLiahed) had indicated the

1jprababie linkage relations of thi$'gene to be ¥pm - BT -
glgf~-A pl&nt homozygbus for ﬁhe genes regpéngible forv
_aleurone color and heterozygous for 437; pr and g;s was
crosseﬁ ta a plant homo&ygaus for Elg-' The ears resulting
‘from_thngcrosa,had only.purple seeds. These seeds were |
‘plantéd-and'léﬁ‘of.the seedliﬁgs_were classified with
'pegard toigla.,.At5maturity the glassy and normal-glénts

were self-pollinated and the wature ears classified for



o

Xﬁ? and pr. The results of the bacxcrogg =re seen in
Tahle 10.
TABLE 10
Backcross Progeny of VPp PT glg . + +8lg

Parental _ ' To- % Recombi-

Combinationg ngeombigutions S tal nation
Fegion L Reglon & fHeglon 1,£ Heg.l Reg.g&
78 82 g 18 2z 0 g9 0 g l4.6 1.0

Since the position of glg onvchromosame five
with respect to pr is unknown, it is impossiblevtb tell
the direction of thls linkage mep with réfercnce £to the
centromere. C(rosses to locate gg7 with respect to bm,

and translocation 5-9,, the break point of which 1s located
.80 of the distance from the centromere on the long arm

of chrowosome five, have been started and should give an
answer to this questlon.

GENETIC CTUDIES IRVOLVISG VIVIPAROULG
Viviparou38 originally appeared in stocks de-
rived from seed exposed at the Bikini atom bomb test.
Seeds of this wutant have yellow endosperms and produce -

green seeclings which,vif grown to maturity, produce



. One plent heterozygous for ¥pg» poliinated
by polien from a B-la plant, Droduced an ear scgregating
viviparous seeds. Such & pollination produces ears segre-
gating large and small seeds. The large seeds are pro-
duced when the hyperploid sperm fuses with ahg polar
nuclei and the deficlient sperm fertilizes the egg nucleus,
while small seeds result from the reverse combination.

Upon close examination of the two types of seeds produced .

o

by this pollination, it was found that part of the large

162

seeds were viviparous, while none Sf the small seed
germinated prematurely. Olnce 2nly large seceds germinate
 prematurely, it appears that the gehetic constitution

of the embryo determines premature germination., Clxteen
known heterazygous plants pollinated by B-la pollen all

es

L]

segregated for vivipary. In addition, thirty-six cros

- &

were made to plants, halfl of which should be segregsating
Ypg. Of these, 18 segregated for ¥ng- These data esteb-

lish that vp, i¢ located in the g a of chromosome one.
1ish that v g it located in the long arm of chromosome o

To locate this gene more exactly, a crogs was

made to translocation l1+7¢ carrying the genes bLr and ba...

E o : ) ¢
Plants from seeds of this cross were checked for pollen

sterility and the sewisterile plants self-pollinzted to

determine if they were heterozygous fbr.ggﬂ, and alszo

suterassed to br, Lo OT br buw, plants. Three outcrasses

%

——

were grown and the plants classified for Xr, bm. and
i

pollen cemisterility., Self-pollinatisns were made *:



test for ¥pg. One bockeross involved only the

=5
s
™
D
-
a
e

another only by, while the third Involved hoth br and

-

b, . The results are summarlzed ia Table ll. The trans-

]

location is very close to the locus br. The position

e

of ¥pg waz found Lo be br-a7.4 - §Q8~13.£ - bnm

TABLE 11

Backcross Progeny Involving T 1-7., br, vpg and bme

Geno- Parental To- % Hecombi-
type Lombina- iecombinutions ta nation
of F1 tion Reglon Ll¥ Hegion £ KReglon L,¥ Hoegel Reg.g
Parent '

Thri+bm
++Vp 4+

o
—
(&)
RN
8]
(@3]
r—l
O

1 o8 $4.0T 18.4

Thr+ .
Tivp [

-
o

I

1

i

i
)
o3
e
=~

.
o

T4 bw

Fp+. 1i 17 500 5 1 5 &l.1 8.9

63}
@
¢

Total He-
gion 1L

f—J
s
i—-a
0
)
o
lw—d
o)
o
C Ay
K]
RN

Total He- ,
glion £ 8 1 3. € - BE 135.8

# & total of 178 plants were clussified {ar the itranc-

' location and br without obtaining & crossover between
them, therefore, in this summary the regions T-vp and
Tbr-vp are both considered vegion 1,
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GENETIC £70DIes INVOLVING VIVIPAROUG,

Viviparousg originally appeared in stocks de-
rived from seed exposed to an X-ray dosage of 0,000

r-unlits. This mutant is pho naxzﬂ*aulx similar to ¥pg,

[

but is wore strongly viviparcus. Intercrosses have shown

F

thet they are not =

[}

Pollinations made with A-D inzn?change stock
gaeve no indications that the locus 5f thig gene is in any
of the regions involved in these interchangss.

Table 12 gives Fg data from ears heterozygous
for ¥pg and 53. These cate do not deviate significantly
from a 8:8:3:1 ratio expeclted for two independent genes.
Tﬁé c¢hi sguere value far the observed ra tio is 4. 677
w%ich iS.expECted ebout £0 percent of the time. A stock

=

which wes hamozygaus_for ®x and heterozygous for ¥ig

("Y’

wag crogsed to anslocation 7-8 Seven Fo ears

Ave*
which segregated wx snd ¥p, were obtained. The resulting
.rgﬁios are presented 1& Table 1&. The observed ratio
éiffefs very significantly from 9:0:3:1L.

v. Three plants from a famiiy in which two-thirds
of‘théiplants were expected to be hetervozygous Tor ¥pg
ind two plants frow « femily In which one-half the plants
HETe @Xp&cté& to be hsterozygpus from ¥pgy were pollinated
by B-7b pollen. HNone of these produced ¥o, seeds. The
probability that only non-viviparous plants were chésen

by chance in making these pollinations is 1/108. There-
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fore it is improbable that the gens is located distal
t2 the translocation in the long arm of chramosome seven.

Since ra and gl, loe¢i are in the long arm of chromosoame

=1

. & L
seven within the region translocated Lo the B cenitrouere,
this woulcd indleate that Lhe vpg locus 1 Lo the ielt of
these genes. Crosses have been made to g1055y1 to deter-

mine theo distance between vp o and bthls genec.

TAbLE LE

plants Heleroryeouws for wx and VDg

Plant : Phenotypes Total
+ 4+ +wx  vp+ VP WX

~ =i
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€« o
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&y =2
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[ I
'y <y
> =
e
S
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ne,
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o
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2
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LABLE 13

F., Progenies of Plants of the Genotype £ I _+
: : WX+ VPg

Plant Phenotypes Total
ke s +®wx  Vp+ Vp WX

1659-9 ind 18 14 23
1659-12 101 27 - £l 40
1669-20 96 50 24 =8
16598 102 85 20 13
16997 76 15 13 7
1689-13 91 L® g 18
1699-16 - 86 g L3 14
g 170 113

Total 876 157 iz

——————.

KﬁBhZO CULTURE AS A TOO0L FOR INVROTIGATING VIVIPARY

'La.aue (1236) and Hasgen-Smit et al. (1945)
have successfully Ttultured corn embryoé on chemically
definad media. La ﬁue using ewbryos which had attained
a séutellar diameter.of 0.6 mm. or greater obtained good

grovwth on a medium of salts snd sugar solidified with

poe

1% agar. Haagen-Sult et &

paateney

«y» with & medium of salts and
sugar plus some added growth factors, obtained growth of
maizé_embryos greater than 0.3 am. |

- La Bue (1936) réports that cmbryos placed upon

the culture medium cease sll enbryonig growth and proceed



to grow at once into a secdling. Similar observations
have been made with embryos of other plants, thus pro-
viding & practical way to overcome dormancy imposed upon
embryos by some constituent of the environment within the
seed coat,

8ince maize cmbryos are potential;y capable of
germinating at a very early stage if removed from the
sced, there must be some mechanism within the seed for
inhibiting germination and prolonging eubryonic growth.
It is the alteration of this mechanism by the action of
the viviparous gene which is responsible for producing
prématurely gerninating seeds.

Numerous germination inhibitors have been de-
scribed in the literature. Konis (1949), Evenari (1949)
~and others have suggested that these substances are re-
spongible for prev&nﬁing precocioug germination of devel-
oping embryos.

¥ost of the tests for the pfesence of germina-
.ﬁion inhibitors have heen made on mature seeds, and thus
the effect of the inhibitor upon the developing embryo is
not knowﬁ; On the other hand, when a sﬁbstance is found
vhich inhibits germination of the maturing embryo, it is
difficult to determine if this substance is the actusal
substance utilized by the develcping seed for inhibiting

premature germination.

48
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Genetlc studies with malsze have shown that
some factors responsible for vivipary are inherited in
a ¥Mendelian msnner. Crosses of Yoe with B-1b pollen have
revealed that prematﬁre_germin&tion is dependent upon
the genotype of the embryo. If dofmancy of the develop-
ing eabryo is caused by the presence of & geraination
inhititor, the genetic evidence would suggest that vivip-
arous eabryos germinate prematurely because they are
cupable of germinatioﬁ in the presence of this inhivitor.
Paraliél test for germination inhibition can be made with
vivipsrous and nopimal embr?as. If an inhibitor is respon-
sivle for preventing prewature germination, it should be
inhibitory to normal ewmbryos and not to viviparous.

Fabryo culture experiments were used to test for such'an
inhititor.

In the following experiments only lmmature
.embryds that had not staérted to germlinate were used.
Viviparousg embryos were used predominantly in these
studies bed&use of the eszge with which potentisally vivip-
arous gnd normal seeds cguld be separated at én garly
age on the basis of endosperm color.

The two culture wedia used in these experiments
were La Rue's (1238) m@diu& nunber 1 and Haagen-Smit's
(1945). Twenty cc. of medium were added to £5 x 1500 um.
pyrex test tubes and autoclaved twenty minutes at {ifteen

pounds pressure snd 250° F.



The seeds were cut from the ecob as aseptically
as possible and the xernels were then sterilized by one

of two wmethods as follows: (1) placed in VOF ethanol

{u
M
fot
—
@D
jo

for three minutes and then rinsed in sterile dit
water or (&) placed im & solution of one part zephiran
chioride in 5,000 parts water for tmcnty minutes, after
which time they were rvinsed in sterile distilled water.
Both »f these methods praved'effeculve in eontrolling
contamination.

After cutting & window in the ﬁtri carp, the
embryos were removed from the endosperm, measured and
placed on thé surface of the agar. The culture Lubes
vere Kept in Lhe light at rooa teaperature for the dura-
tion of the experiment. Emhbya§ cultured in the dark

ressonded the sazmc as those cultured In the licght.

A, Tegtg for a Germinatlion Inhibitor in the Endosperm

Since embryos removed froa the environment of
the seed germinated when placed on the culture mediun,
the passibility 2f some ihhihiting aubetqnce being present
in the endosperm waé investigated. To test this, three
experiments were set up as follows: (1) Twenty eabryos,

—

1 mm. in'langth, vere pluced on the surface of the culture
mediuwim «long with pieces of endosperm, (8) A block of
endasperm‘cahtaiﬁing the intact suwbrys, 5 mm. in length,
‘Was rembﬁed from ten seeds zand placed on the surface of

the culture medium, and (&) A window was cut in the peri-
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catryss placdd 3n the sgur guo fage wilh Locom-

sanylag sieces of endospers gervsiaated 4o roadily us Lhe

slower rate than the controis. The Initisl growth of the
roat snd plumale was delsyed about twenty-four houre 33
cowparec with the contrsliss This difference i¢ reflected

3, fad

in the plumaie growthh of ewbryose Lhat have teen cultured
seven days. Table 14 shows that the mean sluaule
tne controly iz_roughly tuice that of the embryos left
in contact with the endosperm., This delay could be the
resuil 2f the endospera drying on exposure to air_or of
the different nutritionsal environments of the ¢ontrol
eabryss and those on endosperm. As soon as the roots
from subryss in experiments & and ¥ penetrate the culture

aedium, the plumules grow at a rate which paralilels thsat

of the controls.
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tamule Growth of Fmivyas in cContact with the Fadosperm

Controls faabryoas exposed Fmbryos exposed
in place on 2 blsek of
endosgperm

dean B4+.84 «39+.07
plumule
length «381+.08 -20+4.04

10 Ci.

£

To deteramine {f the above delayed effect was
ithe result of an inhibitor of premature germination rather
than an environmantal effcet, normal and viviparous em-

the secd. These

P

bryos were exposed vul Left in place
were then placed und&r conditions favorable for geruina-
tion., H2 significant difference in
af trie tmd clusses of sabryss was observed. These experi-
agnts suggest that the endosperw does not contain a 3ub-
stance inhibitory to the germination »f exposed cabryos.
A valatile inhibitor may te present in the

endosoers which ie¢ rapidly lost on exposure to the air.

o test for auach a8 substance, imaatyre sendosperms vwere
quaickiy frozen alter removing the embryoss end were Lhen

lyozhilized. The %lgophilizate? was colliected without

thawing and stored in & deen-fr: 5. The eabryos
were alsy> frozen and lyaphilized and the Yiyophilizate®

cted. It was znticicated that any volatile substunces

't

‘...

ealt

from the naterials being

"

g
P

tyophilized would be collected
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along with the water in the "lyophilizate",

Petri dishes (60 x 15 mm.)_were prepared with
nutrient medium on which weré placed five embryos. &
few cc. of frozen "lyophilizateﬁ were plaéed in a swmall
vessel within the petri dish, following which the dishes
were ingmedisately semled in petroleum jelly and kept at
roon temperature. A control was set up in which only water
was nlaced in the enclosed vessel.

If present, a volatile inhibitor should be lib-
erated when the "lyophilizate™ melted, forming an inhi-
biting atmosphere in the sealed dish.

Neither exbryos nor endosperm "lyophilizate®
produced any inhibitory effect on the germination of the

eabryos.

'b. TIhe Effect of Oy Tension on Germipation

Various workers have reported that the imper-
meability of the seed coat to oxygen will inhibit the
germination of embryos of some species, which, if re-
moved from the confines of the seed coat are capable of
geruwination (Atwood, 1914; Harrington, 19£3; Spaeth,
1858; Stief, 18957; Crocker, 19068). Freguently such seeds
can ve induced to germinate if place& in an atmosphere
of 100% oxygen. This suggests that eﬁaugh oxygen for
germinatian is capable of diffusing through the seed coat
if the oxygen tension is raised high enough. In maize

the pericarp and the underlying layers ﬁight act to



HE
inhibit the diffusion pf sufficient oxygen to the developé
ing eumbryo to permit germingtion. TAn expeyimént was de-
signéd'to test this. a0

Two 250 mm. desiccators &e:e sterilized and used
as culture chambers. In each were seven sterile 80 x 18 mm;ﬁg
petri dishes containing moist filter saper onwhich four
séeds wefe placed. Two clasges of seeds were used: (1)
~whole seeds with intact perlcarps, and (2) seeds with a
ﬁindow_of pericarp removed directly above the embryo with-
out reﬁqving any of the underlying tissues between the
pericarp and the ambryo. o

In each desiccatar the following ﬂumber and

kinds of seeds were placed'

1. Pour normal seeds wlth_intact pericarps.

2;. Eightrviviparouss seeds with intact pericarps.

3. Eight normdl seeds with a window in the
pericarp.

4. Eight viviparousg seeds with.a window in
the pericarp. -

Water was placed in the bottom of each desiccator
to ensure a saturated atmosphere. The desiccators were
then equipped as is shown'in_Figu;e 3 to permit the en-~
closed aimésphere ﬁo be changed. After the seeds éere :
placed in the desiccators one desiecator was flushed with
oxygen to produce an IOO% oxygen atmosphere while the other
retaineduun_atmosphere'of atr. The gas within the desic—_

‘cators was changed once every twenty-four hours over a



53
period of seven days. At the end of this time they were
opened and the plumules were meesured to determine the
extent to ﬁhich'germinatian had proce ded. The results
of‘this experiuent can be seen in Table 15. Awong the
intact seeds germination ﬁf viviparous eumbryos was some-
what more advanced than normals under conditions of atmos-
pheric oxygen. In & pure oxygen atmosphere the amount of
zermination of the vivipéraus seeds aimost doubled, whereas,
the germination of normal see¢s remained the same. When
a window of pericarp was rewoved above the embryo, the
~amount of germination increased in bothvclasses of seeds.
These results can be expleined by making two assumptions:
(1) Viviparous eabryds are capable of germinating ut a
lower oxygen tension and sre more sensitive to changes
in oxygen concentration than normels, and {2) the peri-
carp 1s an efficient bvarrier to the diffusion of oxygen.
Under these conditlions the intact seed 1s expected to
have a reduced oxygen tension within the pericarp. This
reduced oxygen'¢oncentratian may be sufficient to permit
some germination of the viviparous eabryos, but not of
the normsals, VWhen the amount of axygen’a#ailable to the
embryas is increased by raising the oxygen concentration,
then the yiviparous embryos may be sufficiently sensitive
to resvond to this increase, while the increase is not
sufficient to stimulate the normsl embryos to germinate.

If, however, the pericerp is removed, then sufficient
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oxygen under atmospheric conditions may reach the e:bryos
to stimulate gercination of both vivipszrous and normsl

ebryos.,

TALLE 15

J¢ Tension and Hemoving the Peri-

Effect of Increasing the
carp Opon the Germination of Normal snd Viviparous Fmbryos

Alr 1004 o, .
ricarp No pericarp P”ricarp N> Jerlearp
intact intac
+ vp I vp §- V? + Vp

Yean

plumule .07 B8 HL £.69 07 1.4 « B0 « 59
length +.08 1,81 +.27 +.12 +.08 +.20 +.04 +.1%
in cm. _

mig. of
cifference _
between + B 3 -

the means

=

It would appeay thet extremicly high concentra-
tions of oxygen arc taxic to both normal and viviparous
embryos, Thie inhibitary effect »f high oxygen concentra-
tions was otserved in ceveral other exneriments, If,

viviparous cubryos germinate prematurely because they

arc canable of geruinstion at lower oxygen tension, there

oul¢ be én sxygen concentration which would permit
viviporous embryos to germinate tut not normals
Embryos of immature normal and viviparous seeds
were expnged coupletely but left in place on the endospern.
These seeds were arranged in the desiccafor as explained

above {or the previous experisment. In each desiccator



there werce four dishes holding # total of sixtecn normal

ds znd four with sixteen viviparous seeds. After the
sceds were secaled in, the desiccators were flushed out with
the desired gas mixture. This was repeated once every
twventy-four hours for six days. ‘The above procecure vwas
used in all of the follo=ing exneriments »f this section.

The gas mixtures were obtained by dispiacing

water from five galion glass bottles. By disnlacing this
gas uixture with water the gse was then forced into the
¢egiccators: This method of mixing rnses was conslidered
adenguate for preliminary tests fdr gifferential effects
of reduced oxygen. If such effects are found, mare refined
techniques could be used for mixing and supilyling the gas.,
The following concentrations of oxygen were used: £3%,
£%, 1%, 3% and 0%. The balance of the gas was nitrogen.

The results of thesge experiansnts ere sulmerized in
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TALLE 18

Effect of Various Oxygen Tenslonsz on the Germination of
Viviparous iznd Normal Fmbryos

0 ¥ : 1 2 20
+ vp e+ VP + VP + VP -+ VP

0

Fxot. 71

No. of 14 14 15 1z 14 la 12 11
Embryos |

Exat,. 72 ‘
No. of . | 16 16 15 16
Eabryos : .

Mezn - S S
i : _ 1.28 1.84 2.08 1.88
?iﬁ?ﬁe " . k.15 .16 L6 L.R8

in cm,

difference : it = 2
. between ; ‘
. .the seans
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At each‘oxygén concentration tested the growth

of normal and viviparnus émbryas does nat differ signif-
icantly. Ha%ever; at oxygen concentrations of £% or lower
the viviparous embryos consistentlyAexhibit more germina-
tion than norma1s, This suggests that viviparous embryos
are able to germln&té sonewhat better than normals at
these lower oxygen tensions., However, no oxygen concentra-
tisn tested permitted‘viviparaus snbryos to germinate |
whils éreventing the germination of normals. Thus &
différence in oxygen tension may have a minor effect,
tut i3 not adeguate to exﬁlain the cdifference between the

germination of normal and viviparous eumbryos.

C. Carbon Dioxide as_an Inhibitor of Germination

» The effect of carbon dioxide was studied, since
it might reach high concentrations if the pericarp were
imperme&blé. Rormal and viviparous embryos were supplied
with mixtures of air ahd carbon diaxidé tn desiccators.
The following perdéntages’of carbon dioxide were used:
£5%, 50%, 99% and 100%.‘ The results of these experiments

are- shown in Table 17.



TABLE 17

/Effect of Various COE Concentrations on the Germination
‘ of Viviparous zand Noramzli Lmbrvos

% Oy 0 28 50 99 100
+ v 4+ vp + vp + vVp + v

[
(@3]
| Sl
no

No. of 16 5 1l 8 1l& 14 16 16
Embryos ' sy n

Hean : ‘

nlumule - 1+487 2.17 18 .88 0 8] 0 0
length -t.i4-+ 14 +.04 +.10

in cm.

£ig. of

difference + .o
between _'
the means

Geramination is inhiktited by1high concentrations

- of ‘carbon dioxide. At the lower concentrations where
_éarminatisn is not entirely inhibited, vivip&rous embryos
show wore growth than nbrmals. However, in air (without
added CGE) the growth of viviparous embryos also exceeds
that of normals. More precise tests were made.using con-
centrations of 5, 10, 15, £0, £5, 20, &5, 45, and 50 percent
carbon dioxide in nitrogen with a standard oxygen.tension
of 1 percent. Fresh iumature sceds were used with the first
five concentrations of éarbon dioxide. For the.three high
‘concentrations, =zature seeds were used as plénts-in the
field were killed by frost. The reépahSe af embryos from
these latter seeds seems to be comparable with those agbtaln-

ed fram:the.fresn material so the data have been included
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(1% 0, used in all experiments)
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TAELE 18

Change in the léngth of the scutellum as a{fected by the oxv-
. o gen cancentration ' '

£ 0, L Ty g £0

.~

Expt. 71 ,
'No. of o er 8 18 53

Embryos
l ﬁe&n ' ' ' : _ j
. Ch&ﬂg@ in : 06:3 . 'A . ’ 06 1.05 5 -1-‘34
scutellum _ .

Expt. 72

" Embryos

{1
o]

.fﬁeaﬁ‘ - ' SR g
change in 61 1.00 . .84 ‘ 1.18

. scutellum . ‘ ' '

length (mm.)

Table 19 contatns data from tests tn which

. the embryos were sup-lied sufficient oxygen but failed
to'gérminate because of the carbon dioxide concentrations.
In all but‘one case, the scutella enlarged as mach as

‘those grown under atmospheric conditions.
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hanye in Length of SBcutellum as Aifacted by COo Lompared
with the Lhanqe in Air .

Lype : ol ' Vp + VP
1400 = 120s  10% 0 . 10% 0o
Air 99% By Air 99% COp Alr 50% COg Air 50% C§g
No. of ‘ | - .
embryos 15 18 16 & = 16 13 16 14

Hean ~ |
change 1.8 1.4 1.2 1.4 1.0 1.08 88 18,

in scut. +.14 +.07 +.18 +£.09 +.08 +.1  +.08 +.08 .
Length : :

o,

':.\wig' Of . . =
difference : : : o A .
between == - | - o
the means -

The above experiments 1ndicéte'tha§ viv1par0us5
}emﬁryos areyaﬁig:to gérminata_&ﬁ higher concentrations
ot carbon dioxide tban are normal embryos, and that
embryonic growth continies &t concentrétionS’of carbon

" dloxide waich inhibit germination of both —_—

‘viviparous emsbryos.



“ISCELLANEQUS FXAPLRIBENTS BLRA«INT ON THE NATURL OF VIVIPARY

A. The Bole¢ 9f the Cob in Inhibiting Premature Germination

The work of Oppenheimer (19£2a, b) with inhibi-
tors of geramination foundé in the fruits of tomatoes and
other plants suggested to Hangeisdorf (1998) that the
cab of maize wight contribute an inhibitor of germination.
He ob:zerved that 1f msture sseds are lLeft on the cob,
but-xent in & wmolst atmosphere by wrappipg the ear in
zoist cotton, no germination resulted. Seeds of the same
age bub kept In a molst germinator showed signs of gerwmi-
nation after ten days. Atteompts to duplicate his experi~
went weré not successful. In two such experiments geér-
ainsting seeds were found on ﬁhe ear and améng those
vhich were excised. As an additional test, a corn cob
was ground in a4 Waring Blendor, filtered and the raw
filtrate added to the culture medium on which were placed
excised embfyos. All ten embryos used in thls experi-

ment gerainated after five days.

E.‘ fcetaldehyde a3 a Posgibl&'Germinéticn'lnhibitor
@azé‘(lélﬂ) suggested thot scetaldehyde in the

matyuring seeds was responsible for preventing the embryo

frow germinsting. The seads uvon drying~103t thelir

-acetaldehyde and were, therefare, avle to germinate,

To test the effect of acetaidehyda, normal

exbryos were cultured on slants of culture medium. Dif-

ferent concentrations and different amounts of acetaldehyde
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solutions were added at the side of the slant and the tubes
turneé in & manner which érevented the acetaldehyde solu-
tion froa tauchimg the eébryos; All iubes were corked
to prevenﬁ the scetaldehyde'frém eséaping. _

Preliiinary tests reveéled that 0.15 c¢. of
a dilution of 1 paff scetaldehyde in 6 parts of wster wais
near the threshold for inhibiting'gérmination'when applied
-in this manner. One such experimsnt with ten normal

embryos produced the results shown in Table £0.

TAELE 20

Lffect of Acetaldehyde on the Germination of Fxcised
#alze PFubryos (see text for detaills)

Germin&tion.after , © Germination five days
seven days with AA. : after transferring to
: ¢ w7 ‘ ‘medium minus AA.

Bo. Germ. = HNo. Not . No. Germ. - No. not
Germ, e Germ,
£ BT P SR .

Ihféll of thé #estsgéigiﬁen gmbunt of acetsldehyde
_ieither diad haf §réveﬁt germination or had a lethal effect.

- The embrjas classified as showing germination in Table 20

' did not germinate in the norm&l manaer and app earec rather
sickly. In five da;s after trinsfer to an acetalc@h;de

free medium, thmre was verJ little growth, indica+ing

_fhat acetdldehyde is aetrimental to embryos even at con;

‘ centrmtions that will alxaw germination.
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Viviparous and normal émbryos from the same ear
Qere tested for & difference in respon&e.to the acetalde-
hyde concentration used above, Ten immature eabryos
(3-4 mm. in iength),from»xns seeds and ten normal embryos
‘(Saé.simm. in length) were cultured under the same condi-
tions ss repofted in the previous experiment. After
thirteen days thare.wera no indications of germination
in any of the_vivipérous embryos. Five of the embryos
from normal seeds showed varying amounts of.germination.
Similar‘experimants with.xg4 embryos showed no significant
difference in the response of these embryos and their
éontrols to acetaldehyde. RNormal and viviparous exmbryos
do not differ significently in their respomse to acetalde-
byde. ST

Plants carring the ¥pg allele polilinated by
B-1b interchange pollen produce two classes of sceds in
which the embryo and endosperm differ with respect to the
gehe for vivipary. Thé genotypes of these two classes
of seeds are gi#eu in Table 9, pg. &8. If vivipary is
the result »f the endosperm'praducing legs acetaldehyde,
‘seeds of Class 1 (Table 9) should be viviparous, but this
ié'nct‘ﬁﬁé case. The Class £ seeds (Table 9) are vivip-
5_aréus,’whiie the Class 1 seeds are dormant.

; i The data obtalned from genetic and embfyo;cul-

ture experiments indicate that acetaldéﬁyde is not respon-

gible for preventing premature germination.



C. Auxin Analvses of Viviparous Mutants

Popoff (1241) suggested a correlation between
the auxin content of developing kernels of some of the

swall grains and thelr ability to sprout in the heads.

js\]

Since it is known that the developing corn seed is
rich source of indole acetic acid (auxin) (Avery, 1935;
Stehsel, 1949), a change in the auxin level might be
responsible for inducing the embryo to germinate pre-

naturely.

Viviparous and normal seeds from the segregating

ears of Vpg, Vdy, Or ¥pg were analyzed. These mutants
were used because 2f the ease with which the lmmature
viviparous seeds can be separated from normal seeds on
the ear., The kKernels were cut from the ear znd frozen.
The frozen material was lyophilized and ground. This
material was analyzed for the total ether extractable
auxin.

To eﬁtract the auxih the ssmple was hydrolyzed
at pH 9@ at 100°C. for a half-hour. After cooling, the
pH was adjusted to pH & and the auxin extracted with five
washes of ether. The intensity of the color produced by
Salkowski's reagent was used as an indication »f the
amount of suxin present. This intensity was rezd on a
Klett-Summerson colorimeter, using a 540 g/(filter.

The results are summarized in Teble 21,
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Total suxin Content of Normal and Hutant

11hudu ‘xl

o8

Seeds from Lars

: Segreg&ting_for ¥Dg, YRv, and ¥pg

Pheno-

ﬁuxinv

Condition of

Pleat  datast _type Y/gm. dry wt., ¥Y/seed Dormancy
5801-17  vpg 92.8 3.80 dormant
-17 vp g92.8 370 dormant
- -8 254.0 25.8 dormant
-3 vDp 242, 22,00 dormant
-13 142.4 - 18,0 dormant
-138 vp 150.0' 18.0 germinating
-3l 163.2 20.0 dormant
=31 vp - 154.9 17.4 germinating
5803-88.  Vpo 79.6 £.8. dorzant
~z8 v VD 78.7 2.8 doraant
-&5 68.2 5.8 dormant
~Z5 vp - 80.5 4.8 dormant
- =17 vp BE.8 .- 10.7 dormant
, *-«.-9 . ) 8005 ll 0'4 dorﬂ'xant-
~09. vp T4.0 '10.8 germinating
5808-86  vpg - 21.0 Bef2 dormant
-26 ' vp 80.8 2.8 - dormant -
-1 . 50.4 4.1 dorwant
o=k vp 42 .4 88 dormant
=14 68.0 548 dormant
-14 vp 60,1 4.8 dormant
. -0 . _ : 80,2 - T+7 dormant
=10 Vp - 48.5- 6.2 ° germinating

The suxin content of ¥ _25 or'3§7 seeds does not

g }aiffer from that found in narmal seeds from the same ‘ears

”when compared on a per graw or per kernel

basis.

Vivip-

'arausg seeda consistently yiﬁlded less auxin than normal

--ﬁ@rnels when andlysad on a per gram or a per kernel basis.

iThe aifferenees in tota; suxin between viviparous and



normal seeds of the first two mutants do not indicate

that total auxin per §§ is responsible for vivipary.
However, the consistently lower valies found in ¥pg seeds
suggest a possible relatlionship between vivipsry and auxin
content in this mutant.

It shouid be nointed out, however, that the
method of extraction does not differentiate hetween free,
onysiologically active and bound non-active suxin since
'both of these are extracted under the conditions used.

A more eritical test would be to assay for free auxin
in normal and viviparous secds. Beeause the amount of
free zuxin is»falatively saall, this analysis would re-
quire a bio-assay which has not been;done}

Since it 1g the embryo which is responsible for
prcduciﬂg viviéary, a more critical ﬁe&t would be an
analysis of its auxin content. Preliminary tests of
viviparous and normal embryos have falled due to the
low level of suxin and the presence of large amounts of

oils which interfered with auxlp extractions.
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3 T oev,NE 1. - e 1 W o K
bivlUedlOn

¥ithin a seed thc develoning embryo is located
in an en&ironm@nt which is peculiafly suited for suoply-
iny the reguirements for its germination. Studles with
inmature masize embryos have revealed that they are no-
tenticlly capable of germinating sonn after pollination
(about ten days). However, germination does not normelly
occur at this early date in spite of such an apparently
fa#orablf znvironment., Instead of germinating the embryo
continuea to grow In 2 manner which is typified by dif-
ferentiation of LeaP orimordia, =nlargement of these
nrimordis and a parz2llel increase in the gize of the
scutelluzm. Embryonic gfowth is farther marxed by an
»absenée 2f cell =longation.

2

Several premature germinstion mechanisms have

,,

ﬁeen poétulated by wafkers in éhe field of plant dormancy.
Kidd (1914) sugges ted that carbon dioxid e, present in the
tissue of developing pea =nd bean eubryos was responsible
for GLchntlut Lhielr gerwina tion in the pod. waever,
Harriet Bonner (unnublished), also Warking with peas,
found immature eubryoss contained & leachéblé inhibitor of
gerﬁination which was thought to be responsible for nain-
tainiﬁg the develoning eabryo in a dobmént state. Pope
(1948), warking with barley, was able to induce vivipary
in this »lant by Xeeping the germ moist. He proposed

that the imwature eabryo does not germinate because it is
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anable £o osbhtain cnough water due to znatomical barriers

vnlch sre ch q*@d uzon rinening. Jases Bonnaer (unnublished),

. ” y . ~ e 2 B T § 5 .
working v1th t; wmkoes fouad thot the oswestle nressure of

S v .. PR G AR 2y - -~ . » 4 13 i o
the julce wos sufficlent Lo prevent zerpinatiosn. £ vivip~

arous strain »f towatues was alsy studled in vhich the
osmobtic pressure was somewhut below that reuyaired for the
inhitition of germination. HKonis {(1240) also Founé osantic
praezsure of tamats Julece vO kr i*“*hitcry. Onsenhainer
(1862z, b), working »ith tomstoes and‘otber plants, was
able to obtain substances from the fruite of thess plants
vhich inhibited seed zermindtion. !zinhard (1223&) =ndé
Xontls (1949) confirucd Opoenhelmer's Db,wPV'“iané on

¥

P — . £5 e mon 5 om0 Y - fYyan v
touatoes. fandolph snd Cox {(1340)

L |

enorted that the
endoapzra o Iris se:ds containe o ianhivitor which »re-

the geriinatlion of the ewbryo. Jany other workers

<t
ot
cr
”

have founé simllar geralnation inhibitors in tho fruits
and seeds of = large nuuber of plants.
Fvansri (1249) ha:z puslished an excell: nb review

. Various workers hzve

D R s b 3 " " R .
Q1 Lh4 wWIrE cone iﬂ Llhit_?

=
1)

ield

7

sﬁecuiated an the pole of these g germination inhibltors
in preventing premature gerazination of ucve»opinb seeds.
lowever, there secems to bé a lack of critical experiments
indicating that these substances ave actually responsible
for this phenoaenon.

Inhsrited chaiges which permit Lhe developing

seed or ewbryo to germinate in an environment which normally
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induces Gormancy, nable onde o study this wechunisn in

T P ey FFmow G i 1 P
Tt tepent ooy Bay D8 Lx..:uQu..,,x..’;.t) Iy Zhls

the Seod. AS Lhl Seed watores fi passes througnh & period

r K 2 g s 3 aun 'y 7 el I PR - / - Tt Ny e ey arba ot e “¥yve
shich is optiwua for gerailanation; a period in which uhe

ot

S v g L oy s g R S S i ok LT T i iy 4 3
iaterua. enviconucnt of the sewd ig sialiar o thal found

darin, norvsal gerainaiion. Tnis ls ihe wost criticai perlod

for the orevention of germination. The mutations studied

in this report all ;pégar to disrupt the norual inhibiting

mecnani am Quring~;$ia cri;ical period and ws a coaseguence,

preaature ger I*thlaﬁ results,. The responsc of viviparous

Gad pormal eutryos Lo carvon cioxide suggest that this |

gas might play a roLclin arevenbing gersination at thils

eritical time. It wust be pointed oubt, however, iLhat the
lerince of viviparosus embryos for high concentratiéns

of carbon dioxicde is due to aomb mechanisaz &s yel uninown.

A wmechonisa invo;v1ng carbon cioxide which
exvlalng vivipary can be suggested. If, as the seed matures,
its enciosing membranes becowe more permeable to carbon
dioxide, then as the seed approaches maturity its internal

€. wprague

U)

environwent of carbon dioxide will decrea
(lQQQ) messured the water content of developing seeds wnd
bund that it also decreased as the seed amatured. This
water loss terminsted with ﬁaturity_at which time there

w&s not sufticient water within the seed to supoort ger-



mination and the seed remaelned dormant. Viv ‘inarousy

seeds at the time of germination upon the ear have a water
content of 36.5¥0.7 percent, which is comparable to the
value of &8.0040.Z1 percent found by Sprague (1Q38) for
mature seeds at the time of germination.

Yie have, then, this plecture of a maturing seed
with regzrd Lo its carbon dioxide and water relations.

As the seed astures, there 1s w parallel decresse 50 both
water content und internal carbon dioxide tension. VWhile
the water level is high, the carbon :dioxide tension of the
seed is sufficient *o prevent gczﬁlnatlon. As the seed
matures, its lowered carbon dioxide tension would permit
geraination, but the water cahteut is too low.

On this interpretation, the carbon cioxide
soncentration of the seed should be about 40-457 at the
time othor conditions are favorable fof germination, there-
fore, noraal eusbryos cannot germinzate, but viviparous
ones will be able to do sO beczuse of their incresased car-
tan dioxide tolerance. This @hh“niam cun be schematica 11ly
represented as in Figure 5.

There gre at least six dif fnren* uu‘u\i>ns that
interrupt tho aechasnisa for preventing presature ceraination.
Test ?ﬁve not been unude wich the other viviparous mutants

0 deterzine il they have ¢ tolerance for carbon dioxide

imllar to thet exhivited by vug embryos.
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