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Studies on the Flower-Colours in Freesia

I The Identification of Anthocyanins and Their Distribution in Garden Forms
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Table 1. Solvents used for the identification of the anthocyanins of Freesia hybrida.

Solvent Composition

n-Butanocl-Hydrochloric acid-Water

n-Butanol-Acetic acid-Water
iso-Butanol-Hydrochloric acid-Water
Hydrochloric acid-Water

Formic acid-Hydrochloric acid-Water
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Table 2. Properties of the anthocyanins of Freesia hybrida.

Rf in solvent (X 100)

Pigment s
A B C D El1 FlI

Al 16 29 9 4 31 20
A2 6 20 20 9 49 33
A3 18 35 13 5 36 25
A4 7 26 28 11 56 40
A5 24 41 19 6 46 32
A6 11 34 40 16 68 50
A7 25 40 18 8 41 31
A8 12 28 3 17 63 45
A9 30 43 23 9 48 35

Authentic
anthocyanin 2

Dp 3G 16 29 10 4 31 20
Dp 3G 5G 5 20 20 9 49 32
Pt 3G 19 35 14 5 37 26
Pt 3G 5G 7 27 27 11 57 40
Mv 3G 23 40 20 6 45 32
Mv 3G 5G 11 35 41 17 69 51
Cy 3G 26 39 i8 8 42 31
Cy 3G 5G 11 29 32 17 64 44
Pn 3G 31 44 24 9 48 36
Pn 3G 5G 16 36 41 20 69 52

1) P; purple, Mg; magenta, R; red, Ma; mauve, Ce; cerise, Co; coral, D; dull, B; bright, F;

fluorescent.
2) Dp; delphinidin, Pt; petunidin, Mv; malvidin, Cy; cyanidin, Pn; peonidin, 3G; 3-glucoside,

5G; 5-glucoside, 3G 5G; 3. 5-diglucoside,

Colour in ¥ Intermediate products of
VLV UVL controlled hydrolysis ?
P D.Ma —

P D.Ma Dp 3G, Dp 5G
P D.P —

P B.P Pt 3G, Pt 5G
P D.P —_

P F.Ce Mv 3G, Mv 5G
Mg D. Mg —_

Mg B.R Cy 3G, Cy 5G
R D. Mg —

P D.Ma —

P D. Ma Dp 3G, Dp 5G
P D.P —

P B.P Pt 3G, Pt 5G
P D.P —

P F.Ce Mv 3G, Mv 5G
Mg D. Mg —

Mg B.R Cy 3G, Cy 5G
R D. Mg —

R F.Co Pn 3G, Pn 5G
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Table 3. Products of complete acid hydrolysis in the anthocyanins of Freesia hybrida.

Rf in solvent (x100)

Pigment - -
A E2 2
Al 34 20 27
A2 35 19 27
A3 45 29 37
A4 43 30 38
A5 52 40 49
A6 51 39 48
A7 60 32 42
A8 61 31 40
A9 67 42 52
Authentic
anthocyanidin
Dp 35 20 27
Pt 45 29 37
Mv 51 39 48
Cy 62 31 41
Pn 66 42 53

Abbreviations of pigments and their colours are given in Table 2.
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Table 4. Distribution of the anthocyanins concerning hydroxylation, methylation and

glycosylation in Freesia hybrida. v

3-Monoglucoside

Type of glycosylation

* 3.5-Diglucoside

Degree of B e S ° 9 -
methylation Degree of hydroxylation ® Degree of hydroxylation 3
- + e - + + okttt
1 2 1 4
2 2 5
3 5
4 2 13
5 6 22
6 1 2 6
7 6 7
8 6
9 5
10 4 5 8 11 4
11 2 9 11 8 3
12 2 18 20 12 3
3 3 5 3 1
14 4 2 1 1

15

belonging to the class is existing.

1 2

1) All figures are the number of garden forms. Where no figure is presented, no garden form

2) Indeces from 1 to 15 are the decreasing order of methylated anthocyanins : 1 ; exclusively (or
almost exclusively) Mv, 2; Mv ) Pt, 3; Mv » Pt » Dp, 4~6; various concentrations of Mv >
Pt>Dp,7; Mv=Pt>Dp,8; Pt > Mv >Dp,9; Pt ) Dp, 10; Pt > Dp, 11~13; various con-
centrations of Pt > Dp, 14; Pt = Dp, 15; Dp > Pt (In this classification both Pn and Cy, if pre-
sent, were regarded as Pt and Dp, respectively). There seemed to be two distinct groups, one
from 1 to 8 and the other from 9 to 15, although sonie garden forms of the latter group contain-

ed trace amount of Mv.

3) Indeces from — to + 4+ are the increasing order of Dp derivatives from the co-occurrence of
Cy and Dp, the relative amount of which was approximately 45 : 55, to the pure Dp type whose
anthocyanin consisted, alinost exclusively, of Dp derivatives.

(For abbreviations of the anthocyanidins see Table 2)
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Sammary

The garden form of /ecsia is said to have been derived from the interspecific hybridization bet-
ween yellow-or white-flowered I'. refrecta and pink-flowered F. armstrongii, both of which are native to
South Africa. The flower-colours available today range from blue and crimson through mauve, orange,
pink and yellow to white. The present investigation was conducted to identify the anthocyanins of
this plant and, in addition, to make clear the distribution-patterns of these anthocyanins in garden
forms using some 250 seedling individuals and varietics to obtain some clues to the pigment inher-
itance.

Nine anthocyanins, derived from five kinds of anthocyanidins combined with two patterns of gly-
cosylation, were identified. These were delphinidin-3-glucoside, delphinidin-3.5-diglucoside, petunidin
-3-glucoside, petunidin-3.5-diglucoside, malvidin-3-glucoside, malvidin-3. 5-digluceside, cyanidin-3-
glucoside, cyanidin-3. 5-diglucoside and peonidin-3-glucoside.

As for the distribution-patterns of these anthocyanins, all garden forms were clearly divided into
either the 3-glucoside type or the 3.5-digluccside type, although some 3-glucoside types contained a
trace amount of 3. 5-diglucoside and vice-versa. This was interpreted to be showing that the production
of glucosides in Freesia is controlled by the presence of a single major gene.

By contrast, the situations were complicated in distribution-patterns concerning both hydroxyla-
tion and methylation. The most prominent fcature in hydroxylation of anthocyanins was the complete
deletion of pure cyanidin type. The garden forms, so far as the examinaiions were concerned, varied
from the pure delphinidin type to the mixed type containing various amounts of cyanidin, even in the
extreme case of which the relative amount of cyanidin did not exceed about 45 percent. In addition,
the variation was fairly continuous as compared with that of glycosylation.

In methylation-pattern, the variation beginning with pure malvidin type was again closed with
mixed type. There was no garden form whose anthocyanins consisted exclusively of non-methylated
anthocyanins. On the other hand, the variation within the twe extremes was more continuous than
that of hydroxylation, i. e., the relative concentrations between methylated and non-methalyted antho-
cyanins were highly variable, although there seemed to be two distinct groups, one containing various
amounts of 3, 5 -dimethylated, 3’ -monomethylated and non-methylated anthocyanins, and the other
containing 3’ -monomethylated and non-methylated anthocyanins. The methylation-patterns of Freesia
were thus highly complicated. It was presumed that a fairy large number of genes are involved in the
genetic control of methylation.
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Finally there was a correlative relationship between methylation and glycosylation. As presented
in Table 4, most of the highly methylated garden forms were 3, 5-diglucoside type, whereas the lower
methylated forms were almost confined to 3-glucoside type, suggesting that the glucosylating gene is
closely linked with the methylating genes.

In any event, it is necessary to uncover the more precise nature of the pigment inheritance. The
crossing experiment between various different colour-types is in progress, and the result will be pre-
sented in further detail in the forthcoming paper.



