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ABSTRACT
The nature of the accumulated substance in @, mutant aleurone was studied in relation to,

the known gene action order for anthocyanin biosynthesis in maize.

Spectrophotomettic,

chromatographic, and chemical studies clearly suggest that the accumulated substance in a,

mutant is leucocyanidin (5, 7,3’, 4'-tetrahydroxy flavon : 3,4 diol).

The biogenetic relation-

ship of leucoanthocyanidin to anthocyanin §s discussed in the light  of the gene-controlled

chemical pathway.

DENTIFICATION of gene«controlled end

products has opened new avenues for spe-
culation angd experimentation concerning the
nature and mode of gene action, This is spe-
cially true when contrasting genotypes pro-
duce different and easily identifiable substances
in an organism. The genetic system of antho-
cyanin biosynthesis in maize, which 1is con-
trolledq by more than ten genes, is one of the
best known examples in higher organisms
wherein the biochemical basis of gene action
can be analysed.

In maize, the anthocyanin synthesis in
aleurone tissue, the outermost layer of endo-
sperm, is conirolled by the complementary
factors C;, C, A,, A, and R. The dominant
inhibitor gene C' blocks the synthesis whereas
the intensifier (In), bronze-1(Bz,) and
bronze-2(Bz,) control the intensity of antho-
cyanin : Pr/pr controls the hydroxylation pat-
tern.! Reddy and Coe? (1962) proposed the
following gene action sequence for anthocyanin,
synthesis using inter-tissue complementation
technique with fresh, synthetically-active and
genetically-blocked mutant alurone tissue,

ct ¢, C, RIn-A, A, Bz, Bz,-Anthocyanin
> P = =D > = D> =

However, the specific information regarding
the chemical nature of intermediates associated
with the spacific genes in the above gene action
sequence is not yet fully available, Coe3
(1955) has reported the accumulation of a
coleurless substance in aleurone tissue of a,
mutant, which upon heating with acid gave
coloured anthocyanidin., It has been also stated
that the homozygous recessive intensifier (in)
enhanced the production of this colourless sub-
stance, i.e., Jeucoanthocyanidin by about
10-15 folds in a, mutant. Earlier studies have
clearly shown that the genes, C,, C,, 4, and
R preceding @, in the gene action sequence
must be present in dominant condijtion at least
in one dose, for the production of leucoantho-

cyanidin in a, mutant? The presence - of

dominant inhibitor ' blocks synthesis and
Pr/pr controls the hydroxylation of leuco-
anthocyanidin. The present work deals with
the nature of the substance accumaulated in g,
mutant aleurone tissue and the specific role
of A./a, gene In anthocyanin biosynthesis,

MATERIALS AND METHODS

Dry mature kernels of a, mutant (C, C, R
In A; a, Bz; Bz, Pr) and double mutant in
a, (C; C, R A, in a, Bzy Bz, Pr), after re-
moval of pericarp, are defatted with petroleum
ether (40-60°) for 24 hours and then extracted
with cold methanol. After 36 hours, the sol-
vent was removed under reduced pressure on.
a rotary evaporator and ftreated with ‘cold
ether.  Ether insolubles are separated and
treated with a small amount of water, The
aqueous; solution was repeatedly extracted
with pure ethyl acetate in a separating fun-
nel. The combined ethyl acetate extract was
dried over anhydrous magnesium sulphate The
solvent was removed on a rotary evaporatior
and a light brown amorphous residue .of the
substance was obtained. The extracted sub-
stance was converted to the corresponding
flavylium chloride by boiling with 5% metha-
nolic-2 N hydroechloric acid for 30min on a
steam-bath. The pink solution was exiracted
repeatedly with isoamyl alcohol.  The com-
bined isoamyl alcohol extracts were used for
further studies.

Paper chromatography with two different
solvent systems BAW (n-butanol 4: acclic
acid 1 : water 5) and Forestal (acetic acid 30
HCl 3: water 10) on Whatman No. 1 paper
wag used throughout the investigation. Extracts
were kept in the dark during all stages of
isolation, The following five techniques were
used for the identification of the isolated com-
pound and iis flavylium chloride: (1) R,
values ; (2) Visible icolours; (3) Colour re-
actions: (4) Reactions 1o various specific
spraying reagents; (5) Absorption spectra. The
pure sample was co-chromalographed with the
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extracts for comparison, The chromatographi-
cally pure isolated compound and the convert-
ed flavylium chloride were taken in methanol
and in 5% methanolic hydrochloric arcid solu-
tion respectively and were subjected to Beck-
man DB spectrophotometer and readings were
taken at intervals of Smu in the UV region
of 200-300 me# and alse in the region of 220-
560 my.

OCSERVATIONS AND DISCUSSION

The average R, values and absorption
maxima of (converted anthocyaniding along
with pure cyanidin chloride are presented in
Table 1. The chromatograms (circular) of the
isolated compound when sprayed with differ-
ent specific spraying reagents (and heated for
30min at 80° C in a hot air-oven whenever
it was necessary) gave the following : (a) cha-
racteristic green colours with ferric reagent ;
(b) positive reaction to ammoniacal silver
nitrate solution ; (c¢) intense violet-red colours
w 1t h vaniline-foluene-p-sulphonic aci d;
(d) purple colouration with 10% sulphuric
acid. It was scluble in water, ethylacetate and
insoluble in ether., When subjected to wvariocus
characteristic chemical reactions, it gave the
following : (a) dark green colouration with
neutral ferric chloride, (b) positive reaction
to aqueous sodium. hydroxide (fresh) and sul-
phuric acid, (¢) pink colouration with hydro-
chloric acid on heating for a few minutes on
steam-.bath, (d) negative reaction to Mollish
test for carbohydrates, hence an aglycone,
(e) absorption maxima at 286 muy.

The converted anthocyanidin was fairly sta-
ble and gave positive reactions to the various
above-mentioned specific spraying reagents. In
addition, it gave the characteristic R, wvalues
and absorption maxima (see Table I) and also
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the reaction {0 cyanidin

showed positive
reagent,

The chromatographic, spectrophotometric and
chemical studies suggest that the isolated com-
pound is lewcocyanidin or 5,7,3, 4 -tetra-
hydroxy flavan: 3,4 diol. The exact role of
leucoanthoeyanidin in anthocyanin biosynthesis
is not vet clear. Chemico-genetic studies with
flower petals of Impatiens suggested a close
relationship between the leuccanthocyanin and
anthocyanin biosynthesis.?. Later studies with
seed coats of Phaseolus® and more recently
labelled studies using phenylalanine-1-C14 with
Impatiens? lead fo the conclusion that both
leuzoanthocyanin and anthocyanin are syn-
thecised by parallel biosynthetic pathways.

The double recessive combinations of a, bz,,
a, bz, and in a. in the gene action sequence
accumulate leucoanthocyanidin whereas it was
absent in double mutants of C' a,, ¢; a,, ¢~ a,,
r a, and ¢, a, alerone suggesting that bz,, bz,
and in do not interfere with the synthesis of
leucocyanidin whilst the * and recessive ¢y,
¢c;,, r and a; block it* Though Pr/pr
controls the hydroxylation pattern of the
leuicoanthocyanidin and anthocyanidin its exact
position in the known gene action Sequence
was not clear. The studies on the accumulated
substance in the double mutanty of a, Pr

(quercetin), and a, pr (Kaempferol) and a, Pr

(leucocyanidin) and a, pr (leucopelar-
gonidin)  suggest that Pr/pr acts prior
to A, and A, in the known gene action

sequence.® These observations emphasise a
common biosynthetic pathway for leucoantho-
cyanidin and anthocyanin (see Fig. 1).

If leucocyanidin is a precursor in antho-
cyanin biosynthesis, then at least two steps
such as chromogenation and glycosidation are
necessary for conversion of leucocyanidin to
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FiG. 1. Geneccontrolled chemical pathway of anthocyanin synthesis in maize.



No, 13
July 5, 1971

TABLE 1
The R, wvabues and agbsorption maxima of the
converted anthocyanidin and pure cyanidin

chloride
Ry valoes Absorption maxima in mu
Genotype - -
i Baw Forestal UV Visible
az . 068 048 279 541
in a, .« 068 0-47 278 D42
Cyanidin  0<69 0+49 279 543
chloride

T _aF

anthocyanin. In the known gene action
sequence, there are only three genes A,, Bz,
and Bz, which may convert leucecyanidin to
anthocyanin. The A,/a, gene could act in two
different ways either by direct conversion of
leucocyanidin to cyanidin or on a common
precurscr in the biosynthesis of these pig-
ments, The glycosidation of quercetin fo its
3-glycoside (isoquercetin) by an enzyme from
Bz, pollen extracts suggests indirectly that
this gene might control the glycosidation of
anthocyanin molecule.® Further studies on
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isolation and characterisaftion of gene-con-
trolled intermediates in anthocyanin biosyn-
thesis, in maize, may unravel the mechanisin
0of gene action at chemical level,
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IN VITRO GROWTH REQUIREMENTS OF MATURE ENDOSPERM OF
RICINUS COMMUNIS

P. 8. SRIVASTAVA
Department of Botany, Universily of Delhi, Delhi-7

ATSANGI and Mohan Ram (1965) succeed-

ed in inducing embryoid formation in the
callus of mature endosperm of Ricinus com-
maunig, but failed to obtain organcogenesis. The
present investigation was undertaken (a) to
ascertain the growth requirements, and (b) to
explore the possibilily of induction of root
and shoot.

Ripe {fruits were collected from the Delhi
University Campus. Aller removal of the
fruit-wall and seedcoat, the mature endo-
sperm (with embryo intact) was washed with
‘Cetavion’ (cetrimide concentrate, diluted to 100
times) and surface-sterilized with chlorine
water for 10-12 min. The endosperm was then

washed with sterile distilled water and soaked

in it for 24 hr., This was then implanied asep-
tically on modified White’s semi-solid (agar
0:8%) medium containing 2% sucrose (WDB).
The supplements used were: indolearcetic acid
(IAA), indolebutyric acid (IBA), indolepro-

plonic acid (IPA), naphthalencacetic acid
(NAA), phenoxyacetic acid (PAA), 2, 4-
dichlorophenoxy acetic acid (2,4-D}, 2,4, 5-

trichlorophenoxyacetic acid (2, 4, 5-T), adenine
(AD), adenine sulphate (ADSO,), kinetin
(KN), benzyladenine (BA), diphenyl wurea

2

(DPU), 6-(v,v-dimethylallylamino)-purine
(6~7v,7), SD 8339, triacanthine (TA), zeatin
(ZN), myo-inositol, casein hydrolysate (CH),
coconut milk (CM), and yeast extract (YE).
The effect of various sugars was also tested.

On WB alone, WB | JTAA, WB 4 IBA, WB L
IPA, WB 4+ NAA, or WB + KN, after six
weeks, in  80% rcultures, the embryo
developed into 2a normal seedling (Fig.
1, A). However, on WB <+ 2, 4.D, germia-
nalion of the embryo was delayed and
swelling of the radicle was observed after 32
weeks. The endosperm showed only slight
swelling and cratks but did not callus. On
WB + 2, 4-D (2ppm) 4+ KN (5 ppm) + YE
(2,500 ppm), germination of the cmbryo was
altogelher suppressed, and the radicle callused.
Along the surface in contact with the embryo,
the endosperm also proliferated forming a
white, flufTy callus (Fig. 1, B). In subcultures
maintained on the same medium, the endo-
sperm  callus showed satisfactory growth and
became compact after four passages (each pas.
sage of four weeks) (Fig. 1, C).

Squash preparations of a 4-week-old endow
sperm callus revealed thin-walled cells of dif.
ferent shape and size, while a 10-week-old




