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The data used in making these calculations are based on Ay
selected crossover seeds from the a,-bt region, a distance )
of 5 crossover units. They are. th%refére, equivalent of iy
testing 22,200 (20 x 1,110) unselected gametes from 2 four %
point test crosses, and indicate the following linkage i
map: &, - 3.91 - ¥py - 1.06 -~ bm; - 0.08 - bt,.

Donald S. Robertson

2. Genetic and biochemical studies of cll and its modifiers.

In the Maize Genetics Cooperation News Letter of 1963
(57:74-76) the results of.allele tests were reported that
suggested the dominant Cly. Clg, and g;“ modifiers of the
albino seedling phenotype of t%e wnite endosperm-albino
seedling mutant cl. were allelic. Since then more extensive
data have been collected and the dominant modifier CL
which was found in our genetic stocks was also vested for
allelism. The data reported in Table 1 liends further sup-
port to the conclusion that all known modifiers of c¢cl, are
allelic. Such modifiers seem to bs gather widespread  in
corn lines. The original Qlﬁ and Clg modifiers were found
in the inbreds Ti and Cl06 and Cly in inbred CI31A, In
crosses to transfer cl, into the inbreds Ml4 and W22 they

i also were found to car%y modifiers of cl,. These modifiers
A are being tested for allelism with the o%hers. The inbreds
OH43 and N25 seem to be deveid of Eij modifiers as do some,

if not all, lines of Tama flint. ’
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The modifier locus has not been cevermined as yet. Early
attempts to lccate it were hampered by the presence of
modifiers in the series of translocations which were being
used as linkage testers. However, we now have a series of
waxy chromosome-nine tr siocations conversed to Ml4 and
this series has been crossed to cl. devcid of modifiers.
If the Ml4 modifier turns out to be alleiic to the other
modifiers, it is hoped that analysis of F, progeny of this
series of translocation crosses will revedl the location
of the modifier locus.

i Table 1 > 2 N 5
E Summary of data from allele tests of Ciy. Qgﬁ, g;ﬁ and Cly
FE  oeed- # Conclu-
1 F1 Cross lings albinc sions
| el, el Sl Cly x el 21y G Cly 6119 O Allelic
3 012 5 012 Q42 i
ely el) Cly Ol X Yppig 87716 oy cly 2842 0 Allelic
ely el CLg Cip x Cl; el Cif Cif 13,571 0  Allelic
2 T L.
€, e, @12 ¢l x el el Cly Cly gos5 0  Allelic
ol ol OLf GLy % Mppig vippig G Gy <810 O Allelie
c 12 12 ; 2 012 21 1leli
Cl) e1; Cly Cly X Vpoig ¥ooig Ciy Ciy F=t ¢ Allelic
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The alleie tests of the modifiers resulted in stocks that
were heterozygous for the various modifier alleles. These
along with the various homozygotes and stocks which were
heterozygous for the modifier and the recessive allele at
this locus were analyzed for their ability to synthesize
plastid pigments in the seedling stage.

Tests established that cl, and its alleles EEZ%Q and cl

in the absence of modiffg%s were able to pro normalror
near normal amounts of protochlorophyllide in the dark and
to convert this to chlorophyll in the light (Table 2). On
further exposure to light the chlorophyll is destroyed in
the absence of carotenoid pigments. In this regard these
mutants are similar to other white-albino mutants. This
observation suggests that the genetic lesion at the ¢l
locus primarily involves carotenoid synthesis and that
chlorophyll is only secondarily involved. Tests f the
four homozygousg suppressed Rhengtypes (g;_l cl, g;M.g;2,
el ¢l CL Qla"glp Eip Cly Cly and ¥ooyg Y9916

Qia gla) also establish that they possessed normal or

above normal ability to make this pigment (Table 2). Since
tests of effect of homozygous modifiers on the chlorophyll
synthesizing system would seem to indicate that they have

\ the ability to produce this pigment (Table 2), any vari-

‘ ation in pigment concentration in light grown seedlings
! must be due to the effect of the modifiers on carotenoid !
synthesis.

Figure 1 indicates the percentage of plastid pigments
(chlorophyll, carotene and xanthophyll) that mutant seed-~
lings have when compared to their normal siblings from

the same ear. The data are expressed in this form since
the various genotypes were not in a homogeneous back-
ground and there is considerable variation in pigment level
among normals of the various lires tested. The genotypes
are arranged along the abscissa in descending order, with
those giving the closest approximation to normal on the ;
left. The determination of how closely a given mutant 3
approximates normal was largely subjective. In making
this judgment, visual comparison of normal and mutant
plants from the same segregating ear was made using such
criteria as plant height at maturity, date of flowering
and differences in plant pigmentation obvious to the eye.
Such judgments are easier to make in hybrid material that
produced the plants heterozygous for two different modi-
fiers since these populations tended to be more uniform.
This was also true for homozygous g;& plants which were ;
in an inbred background. However, Tor stocks like ng i
Cl% and Clg Clg differences were more difficult to
Fetermine accurately because the progeny of the self
pollination that produced them showed considerably more
variation in both the normal an mutant individuals. This .
is particularly true for the Clg Clg line which for the L f

e e e e E

most part has been perpetuated in the homozygous condition

:
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The formation of protochlorophyliide and chlorophyll in nor-

mal and mutant seedlings from self-poliinated cars of plants
carryirg Eil alleles with and without modifiers.
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so that we have had very 1itbtle opportunity Uc maks ac-
curate comparisons between no-male and mutarts from a

jven ear. Those that have been mades would indicate that
nutants are slightly less vigorous than normal mature
lants. However, the chemicai data would sugges?t tnat

the phenotype of this genotype should fall below that

of Cig cl, plaats. It is obvious from visual observation
that this cannct,be the case since even to the casual cb-
server mature g;? cl, are decidadly pale-green pianis
with a tendency to have white sheaths and zebra striping
while Clg Clg plants are a definite dark green and clesely
approxjmate Normals. Tae explanation for the low valies
for Cl Q;z could be due to ar increased effeciency of the
modifiers as the plants mature SO that +tne seedliing values
do not accurately reflect perforrmance i mapurs? plants.
However, this is not chserved to be the gase_for +he cther
genotypes. Perhaps the low vaiue for Clg Cig is due to
some peculiarity in the particular backgroun& of the
material used for these geterminations which camre from
lines of rather locw vigor due to ceveral generations of
inbreeding. We are in the process of crossing this gene
out tc inbreds that do not possess podifiers and Te- 3
extracting what we hope to Le a more VigOrous Ci ¢y Sl
Clg line for further pigment tests.

The outstanding characteristic of Figure 1 is that the
levels of the three plastid pignents vary together. Since
it is known that both the albinc mutarts and the medified
genotypes have a chlcerophyli producing mechanism that, as
far as has been teated, appears tO be riormal, it ig strong-
ly suggestive that the marked paralieilsm between chloro-
phyll content and the caroterne and vanthophyll levels is
dependent on the amount of one or both of the latter Two
pigments that car be produced under the influence of a
given modifier. This iz just what would be expected if
carotere is aching hsre to protect chlorophyll from
photodestruction, At low levais of carouence productions
only small amcuats of chloropnyll car b protectad; atb
higher carctene levels more chlorophyli is protectad.
Thece results are in agreement with thoae of obther workers
that suggest that one of the functiorns of rolored carote-
noids is to »rotect cklorophy.l frem phuto—autouﬁxidation.

3, Electron mizroscopy siudles of plastid Jeveiopment in
mutante at the white ongesperu - Slrane oeedling Vs
Too s

oCus.

bepw: an civeblon mieroscopy study

This past year we bhawv
4, in rormal and sutant plant nmaterial.

of plastid developmern
In these studies seed
the dark at 26.6°C.

ngs wers grown ol 1 - 14 days in
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(80°F.). Other: were grown under






