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1. INTRODUCTION

ONLY a limited number of chlorophyll mutants have been obtained in hexa-
ploid wheat, Triticum aestivum L emend Thell. This is a consequence of
the duplicated genetic material which buffers deletion of genes effecting
chlorophyll production.

Those mutants that have been isolated and studied involve intragenic
changes or deletion or two duplicate loci (Sears and Sears, 1963), Neatby's
virescent, a spontaneous mutant, and chlorina-1, an E.M.S.-induced mutant,
are examples of the former and Hermsen's virescent, a spontaneous mutant,
an example of the latter (Sears and Sears, bc. cit.). This paper reports on a
further chlorophyll mutant, of spontaneous origin, which involves an intra-
genic change.

Biochemical analysis of this type of mutant is of interest as it is clear that
the mutant gene is an active gene rather than a deletion. It could not be
a deletion as all 21 nullisomics of hexaploid wheat are normal green. Such
analyses which are lacking in organisms with duplicated genetic material,
may eventually elucidate the genetic control of chlorophyll production and
the mechanisms of genetic diversification in polyploids.
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2. MATERIALS AND METHODS

The spontaneous mutation was detected in a single plant in an F2
population of the Cornell Wheat Selection 5O75aB-2B-2 1 xChinese Spring6.
This population was uniform for the Chinese Spring phenotype except for the
waxiess character contributed by the non-recurrent parent. It has since
been shown that the waxiess character is inherited independently of the chloro-
phyll mutation.

Two dimensional thin layer chromatography on sucrose plates

All work involving pigment extracts was carried out as rapidly as possible
in very dim light. A weighed sample of fresh leaf material (one or two
leaves) was repeatedly ground in a Potter-Elvenhjem homogeniser with a
total of 25 ml. of 100 per cent, acetone until all the pigment was removed.

Petroleum ether (10 ml.) was added to the extract clarified by centrifuga-
tion. The acetone was removed by washing three or four times with about
20 ml. of water, and the petroleum ether, containing the pigments, dried
with a small amount of NaC1 and evaporated under a stream of N2 to
1-2 ml.

Thin layer chromatography was carried out by the method of Jeffrey
(1968). The solvents were: (i) n-propanol (0'6 per cent. V/V) in 60-80°
petroleum ether and (ii) chloroform (15 per cent. V/V) in 60-80° petroleum
ether.

Column chromatography. This was carried out according to Strain (1958)
using a column (1 '8 cm. diameter x15 cm.) of powdered icing sugar contain-
ing 5 per cent. corn flour.

The sample was applied as 1 ml. of petroleum ether extract prepared as
for thin layer chromatography. Separation was achieved by addition of 15
per cent, chloroform in petroleum ether until solvent almost reached the
bottom of column. The pigment-containing bands were removed from the
column and pigments eluted with following solvents: chlorophyll a and b
with acetone, carotene with petroleum ether and xanthophylls with 100 per
cent. ethanol.

The concentrations of eluted pigments were calculated using coefficients
given by Jeffrey (1968) at the observed absorption peaks.

Spectrophotometric analysis. Leaf material (0.2 —0'3 gm.) was ground in
80 per cent. aqueous acetone with a Potter-Elvehjem homogeniser, centri-
fuged and the supernatant made up to 50 ml. with 80 per cent, acetone.
The concentrations of chlorophyll a and b were determined using the equa-
tions of Vernon (1960) and also after quantitative transfer of pigments into
diethyl ether, by the equations of Smith and Benitez (1955). For the
determination of total carotenoids the chlorophylls were saponified and
separated from the carotenoids as described by Boardman and Anderson
(1967). The concentration of total carotenoids was calculated from the
absorbance maxima (441 mj for green and light green and 444 m for the
yellow) using the factor of 0'24 given by Boardman and Anderson.

All spectrophotometric measurements were carried out using a Unicam
S.P. 800 Recording Spectrophotometer. The spectrophotometric assay was
considered to be more rapid and reproducible than the assays based on
column chromatographic separation but did not enable the assay of separated
carotenoids permitted by the latter procedure.
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3. RESULTS

Mutant plants. The original plant possessing the mutation was uniformly
light green in colour. On selfing it and subsequently other light green
individuals a ratio of 970 green or light green: 330 yellow individuals was
obtained. The mutation is therefore due to a change in a single gene, which
when homozygous produces a distinctly yellow phenotype. Although yellow
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FIG. 1.—Two dimensional chromatogram of pigments found in leaves of green, light green
and yellow plants.
Key. 1. Chlorophyll a (green); 2. Chlorophyll b (yellow green); 3. Pheophytin (grey
trace); 4. Carotene (yellow); 5. Xanthophylls (yellow) a. Lutein, b. Neoxanthin, c.
Violoxanthin plus unknown zanthophylls, d. Unknown xanthophyll (trace).

individuals mature four to six weeks later than heterozygotes, which are
normal in this respect, they are nevertheless fully fertile. Also, gametes
bearing this mutant gene compete equally with normal gametes.

Individuals heterozygous for this mutant allele can usually be distinguished
from normal by virtue of being light green. The distinction between normal
green and light green is most obvious at the one to two leaf stage under high
light and low temperature conditions.

As the heterozygote is distinguishable from normal the mutation is looked
upon as being incompletely dominant to normal. The original light green
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plant was obviously a heterozygote and its lack of chimerism indicates that
the mutation probably took place in one of the gametes involved in its
production.

qualitative pigment analyses. Fig. 1 illustrates the pigments separated by two
dimensional thin layer chromatography. The green, light green and yellow
genotypes were qualitatively identical. Chlorophyll a and b were always
present with a trace of pheophytin a and no evidence of chiorophyllides
(which would be clustered around the origin). The carotene spot was
shown to be /3-carotene from its chromatographic properties on a magnesia-
celite column (Strain, 1958) and spectrophotometric properties using authen-
tic /3-carotene for comparison. The main xanthophylls were lutein and
neoxanthin (spots 5a and 5b). The lutein spot was spectrophotometrically
homogeneous despite its trailing nature. Spot 5c was large and diffuse and
contained violaxanthin as well as some unknown xanthophylls. The
material eluted from this area showed absorption peaks at 436 and 467 m
in diethyl ether which are slightly lower than the 441 and 471 m given by
Jeffrey (1961) for violaxanthin. Spot 5d present in trace amounts repre-
sented an unknown xanthophyll.

TABLE 1

Pigments offresh leaf tissue of ninth leaves ofyellow and green plants of a summer planting. Separations
carried out by column chromatography.

quantity qfPigment (ug/g fresh leaf) and Wavelength qf Absorbance measurement (m1s).

Unknown
Age of Chioro- Chioro- Xantho-
Leaf phyll a phyll b Carotene Lutein phylls Neoxanthin Chi. af
(days) A = 663 A = 646 A = 447 A = 444 A = 437 A = 435 Chi. b

(a) Yellow plants
3 335 23 40 51 21 10 l47

10 490 66 62 65 9 12 7•5
15 568 85 57 55 8 9 67
20 672 104 75 62 16 19 64

Mean — — 58±23 58±9 14±10 13±7 —

(b) Green plants
1 1520 504 88 123 24 36 30
9 1610 556 101 123 21 49 2•9

14 1508 456 112 143 24 41 3•3
17 1534 489 107 129 31 46 3l

Mean 1543±73 501±66 102±17 130±16 25±7 43±9 3±03

quantitative pigment analyses. Table 1 sets out the results of quantitative
assays from summer-grown material for chlorophylls and carotenoids after
column separation. Chlorophyll a and b are present in very much smaller
amounts in yellow leaves than in green leaves. All the carotenoids are also
reduced in yellow leaves but not to the same extent as are the chiorophylls.
The chlorophyll content of yellow leaves showed definite trends with maturity
as shown graphically in fig. 2.

Further observations on changes with maturity. Using the spectrophotometric
assay technique the homozygous yellow, homozygous green and the hetero-
zygote, grown in both summer and winter, were examined for changes in
pigment content with maturity.
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FIG. 2.—Changes in chlorophyll content with age of leaf as shown by column analysis of
material grown in late summer.
• —• Green leaves x - - - - X Yellow leaves.
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In all cases the amounts of chlorophyll a, chlorophyll b and total caroten-
oids were lowest in the homozygous yellow and highest in the homozygous
green. The amounts of pigments in the heterozygote were much more
similar to the homozygous green than to the homozygous yellow. For
instance the chlorophyll a contents of the homozygous yellow, heterozygote
and homozygous green in one set of determinations were 261, 1116 and 1372
jig/gm. of fresh leaf.

With the summer grown homozygous yellow material the chlorophyll b
content increased from 41 to 72 jig/gm. fresh leaf between 1 day and 14
days after emergence of the fifth leaf. No definite trends were shown for
chlorophyll a and the chlorophyll a : b ratio decreased from 63 to 3•4.
Comparable observations on total carotenoids showed a decrease from 131
to 78 jig/gm. fresh leaf.

Similar observations on summer-grown heterozygous and homozygous
green material showed no definite trends with maturity.

In contrast to the summer-grown material, the chlorophyll b content of
the winter-grown homozygous yellow material remained fairly constant at
a mean of 95 lOjig/gm. fresh leaf material between 1 day and 26 days
after emergence of the fifth leaf. Similarly the chlorophyll a content showed
no definite trends and the chlorophyll a b ratio remained fairly constant
at 42 05. Comparable observations on total carotenoids, however, did
show a decrease from 247 to 137 jig. The twelve sample points in this series
of determinations were fitted to a regression line, the slope of which was signifi-
cantly less than zero.

Similar observations on winter-grown heterozygous and homozygous
green material showed an increase in all pigments with maturity of the leaf
followed by a decrease with senescence.

4. Dxscussio
The trends in chlorophyll content noted in homozygous yellow material

in late summer but not in mid-winter may have been caused by the change in
one or more environmental factors, for example, day length, which would
have been constantly decreasing in late summer and almost constant in mid-
winter. Alternatively, these trends may be a consequence of a much more
rapid development. The decrease in carotenoid content which was shown
in both seasons with homozygous yellow material may be a constant feature
of the ageing mutant leaf. This variability of the mutant shows the need,
when describing it, for stating the environment under which it was grown
and the stage of development of the sample material.

Although it is known that the mutant gene is an active one, its point of
action is unknown. As there is no qualitative difference between the normal
and the mutant we cannot point to any definite block in pigment synthesis.
Possibly the mutation affects the chloroplast structure. D. von Wettstein
(1961) has shown a relationship between different types of chloroplast struc-
ture and different chlorophyll mutants in barley but it has not been shown
definitely whether the chioroplast structure abnormality is the cause or
effect of pigment deficiency. Indeed this may vary from mutant to mutant.

Further light on the gene action involved may be obtained from the
study of the effects of other alleles of the mutant and of varying dosages of
corresponding genes on homologous chromosomes.
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5. SUMMARY

1. A spontaneous chlorophyll mutation isolated in hexaploid wheat
involves intragenic change at one locus. The mutant allele is partially
dominant to normal such that homozygotes are yellow and heterozygotes
are light green.

2. Thin layer chromatography of leaf pigments did not reveal any quali-
tative differences between mutant and normal.

3. Quantitative analysis showed that chiorophylls, and to a less extent
carotenoids, are reduced in the mutant.

4. As chlorophyll b was reduced more than chlorophyll a the ratio of
chlorophyll a : b was increased above that of normal.

5. Quantities of chlorophylls and carotenoids vary with maturity of the
'eaf and with the environment.
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1. INTRODUCTION

THE spectacle character in potatoes is a failure of pigmentation in sharply
4ielimited patches around the eyes of tubers; the shape of the patches varies
from oval to transversely streak-like. Dodds and Paxman (1962) showed
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