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SUMMARY

The present studywas conducted to geneticany characterize a pigment-
-deficient mutant of sunflower induced by h uitro tissue culture-. Thrs
mutant' designed as chlorina-apicarûs. shows pale yeilow cotyledons: the first
true leaves are initially green, then they became yellow starting from the apr-
cal end. This phenomenon of photobleaching causes the plantlets to die rn
the first stage ofdevelopment. segregation data from heteràzygous progenies
indicate that the trait is controlled by one recessive gene. ThÀ 

"y.,,rnot1n.,pis proposed for the gene that controls this trait.

Key words: Helianth's ..nnuus, inoitro c'lture, pigment mutant, genetic
alalysis.

INTRODUCTION

Several approaches have been used in attempts to deline the genetic control
and biochemical nature of the photosynthetic apparatus in plants. one of the
most frequently used involves the use of mutants that are defective in chloro-
plast structure, function, and/or pigment bioslmthesis (Levin, 1969; Taylor et
al.' r987). On the other hand, the physiological and biochemical characterization
of these mutants can provide the essential information to construct genetically
plants with an increased photosSmthetic efficiency.

chlorophyll-deficient variants occurred frequently in progeny derived from in
uitro tissue culture (Mathews et al., 19g6; Barwale and widholm, rggz: Barotti,
et al., 1995) and many variations described among regenerated plants are herita_
ble (Meins, 1983). These include numerical and structural ctrromosome varia-
tions, point mutations, transpositions of DNA sequences, and changes in
mitochondria and chloroplast genomes (Karp, 1991). This variability has been
termed "somaclonal variation" by Larkin and Scowcroft (l9gl) and it results
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from genetic diflèrences pre-existing in somatic cells and genetic changes occttr

ring durin.q the in Ditro tissue culture (D'Amato, l9B5)'

Generally, somaclonal variants have not direct value lbr crop improvement

(Karp, l99b); however they are a uselul plant material to investigate some aspect

of plant biochemistry and physiolo€5/. It is the case, for example, of' carotenoid-

deficient mutant nd-l of sunflower (Fambrini et al', 1993, 1995)'

The aim of this paper was to determine the inheritance pattern of the pig-

ment mutanl, chlorina-apicalis, obtained by in uttro tissue culture o[ sut'rllower

(Barotti et al., 1995).

MATERIALS AND METHODS

One R2 progeny of the inbred line GB had segregated 15 clt"Lofina-aptcalis

plants (Barotti et al., i995), classified according to the colour of cotyledons and

true leaves as proposecl by Blixt (1961). The mutant is not viable, and can be

maintainecl only in heterozygous conditions. Thus, normal R, Plants were selfed

and the genetic analysis was conduced in R, segregating progenies that were

scored for the trait in the field, l4-lB days after planting'

we used a chi-square test to determine the .qoodr-ress-of-fit of the observed

ratios to a hypothesized 3: I ratio for a trait controlied by a single recessive alleie'

Ahomogeneitychi-squaretestwasusedbeforetheprogenieswerepooled'

Table 1: Chi-sqr-rare analysis of the chorina-apicali-s mutant
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RESULTS AND DISCUSSION

Soon a{l.er gemrination, cotyledons of the chionnct-apicalis seedlings, appear
pale yellow (Figure IA), sometimes mixed with green areas (Figure lB). The first
true leaves are initially .qreen (Figure lts), but after few days, they grow yellow
liom the apical end. In the same time, cotyledons are wholly lacking chlorophyll
pigments and lhey show spots of necrotic tissues (Figure lC). Afterward, the yel-
lowing aflèct the median and basal part of leaves, while the tips become necrotic
(Figure tD). e this stage, 3-4 true leaves, the growth of seedlings is arrested and
a little time after. the plantlet.s die.

Fi.gure ) . Plxttottlpe o,J' chlorûta apicalis n:tuto.rTt ol' stLrlJlouter. (A) chlorina apiralis nuttan1t:
(Ie-lr) and tuild tgpe (rtght). (B) Mutanû plantlet shotuing pale yellotu cotyledons
ulith green arects ctndJirst ttuo leaues tnitially green. (C). chtorina apicalis ntutant
tu[th necrotic areas ot]t cotgledons. (D) Mutant at the stage oJ 3-4 true leaues:-lirsf
Icaues toholhl pale yellou: :urith necrotic tips; goungest true leaues chlorotic at tl-Le

apical end.
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The genetic analysis has been conduced in heterozygous progenies when
plants could easily be classified as either normal or rnutant (20-25 days atter
germination). The mutant trait segregated into mutant and normal types litling a
ûronogenic 3:I ratio (Table l). However, two progenies (5 and 6) showed an unex-
pected segregation ratio that can be ascribed to the small number of plants in
each progeny (Table l). On the other hand, the chi-squares of all population (c2

= 0.804) and the heterogeneity test (Table l), litting the expected 3:l ratio.

We propose the symbol ch-ap for the gene that controls this rer:essive trait.

Although spontaneous chlorophyll-deficient rnutations are comtrron in a wide

variety of cultivated and natural plants' species and they can be a major compo-

nent of inbreeding depression (Leclercq, I968; Mihaljèevié, 1992; WiIIis, 1992),

in sunflower most pigment deficient mutants had been induced by means of

physical and chemical agents (Beletzky and Liashchenko, 1968; Razoriteleva et

al., l97O), or by in Ditro tissue culture (Fambrini et al.' 1993).

The high frequency of pigment variants observed in R2 progenies of sun-

flower tissue culture (Barotti, et al., 1995) agree w.ith previous reports on other

regenerated species (Mathews et al., 1986, Barwale and Widholm, 1987) where

mutations most frequently met are those affecting the pigmentation.

In sunflower, besides single nuclear gene mutation (Pugliesi et al., I99l;
Fambrini et al.. 1993) and repetitive DNA frequency variation (Natali et aI.,

I995), significant changes in morphological and biochemical characters have

also been reported lrom progenies of regenerated plants (Roseland et al., 1991;

Encheva et al., 1993; Barotti et al., 1995). It is likely that in sunflower many

variations are already present in the plant tissue used for culture initiation, as

observed in cytological studies of callus and regenerated plants (Cavallini and

Lupi, f987). On the other hand, mutations in somatic cells are not easily recog-

nized and in most cases do not interfere with normal plant development' How-

ever, difference in the occurrence of somatic mutation could explain the

influence of genetic background in determining somaclonal variations (Pugliesi et

al., l99l).
Studies on chlortna-apicalis mutants are in progress to understand if the

genetic lesion affects the chlorophyll and/or carotenoid biosynthesis.
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HERENCIA DE UN MUTAI\ITE Chlorîna-apicalis DE
GIRASOL

RESUMEN

Dl presente estudio se llevô a cabo para caracterizar genéticanente un
mlrtante de girasol con una deficiencia de pignentos inducidos por in DitIo.
Este mutante designado como Chlorûro-apicalts nlLrestra cotiledones ana-
rillo pâlido las primeras hojas verdaderas son inicialnente verdes y después
se ponen amarillas empezando por el iinal del âpice. Este fenômeno de lbto-
blar-rqueado causa que las plantas rnLreran en el primer estado del desar-
rollo. Los datos de segregaciôr-r de descendencias heterogéneas indican que
el carâcter es controlado por un gen recesivo. Se propone el simbolo ch-ap
para el gen que controla este carâcter.

rrÉnÉprtÉ D'uN MUTAI\IT chlorina-apiccrlis DE
TOURNESOL

RESUME

Cette étude été conduite pour caractériser la génétique d'utr pignlent
nrutar-rt ciélicient de tournesol induit par cttlture de tissus in uitro. Ce

nrutârnt. dérronrnté cltlorina-opicalts, présente cies cotylèdons jaulle pale, les
prerDières vraies feuilles sotrt initialement vertes, puis devielrnent jaune à

partir de I'extrénrité apicale. Ce phénornène de décoloration à la lunrière pro-
voque la nort des plantules dès les preniers stades de dêveloppement. Les
données de ségrégation à partir de descendances hétérozygotes indiquent
que le caractère est sous contrôle d'un gène récessil'. Le symbole ch-ap est
proposé pour le gène qui contrôle cette caractéristique.


