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Background

Flowers, reproductive organs of plants, share principal points in common besides various shapes and
colors. In higher eudicots, they consist of four types of organs, sepals, petals, stamens, and carpels. For explanation
of floral organ identity, ABC model was proposed in two model plants, Arabidopsis thariana and Antirrhinum
majus . According to this model, sepal is identified by A function, petal is determined by A function and B function,
stamen, by B and C function, and carpel, by C function (Fig. 1A).

However, morphology of plant flowers is full of diversity. Floral (and sometimes inflorescence that likes
flower) diversity is found especially in petaloid organ. For example, non-grass monocot plants often have flower
with petaloid organ instead of greenish sepal in whorl I and both of petaloid organs in whorls 1 and 2, called tepals.
To explain the morphology of these flowers, modified ABC model was proposed with morphological analysis of
wild type and mutant flowers in tulip. According to this model, class B genes are expressed in whorl | as well as
whorls 2 and 3, therefore the organs of whorls 1 and 2 have the same petaloid structure (Fig. 1B).

I would like to study the relationship between the morphology of two whorls of petaloid perianth and
expression patterns of MADS-box genes in monocots. Thus, I investigated Alstroemeria ligtu whose perianth
consists of two types of petaloid tepals in chapter 1, and viridiflora tulip which have greenish tepals and expected as

class B mutant in chapter 2.

Chapter 1

Alstroemeria (Liliales) has two layers of petaloid tepals, in which the often spotted narrow inner (epals
can be distinguished easily from the wider outer tepals (Fig.2). In order to explore this floral morphology in
Alstroemeria, 1 investigated the tepal morphology and the expression patterns of three class B genes, whose
homologs in eudicots have been shown previously to be involved in petal and stamen development.

Two DEF-like genes (AlsDEFa and AlsDEFD) and one GLO-like gene (AlsGLO) of Alstroemeria ligtu
were isolated by rapid amplification of ¢cDNA ends (RACE). Northern hybridization, reverse transcription-PCR
(RT-PCR) and in situ hybridization analyses indicated that AlsDEFb and AlsGLO were expressed in whorls 1, 2 and
3 (outer tepals, inner tepals and stamens, respectively), whereas 4/sDEFu expression was detected only in whorls 2
and 3 (Fig. 3).

These results suggest that in A. ligtu, AlsDEFb and AlsGLO would participate in determining the

organ identity of two-layered petaloid tepals and stamens, which is in support of the modified ABC model.



Additionally, the distinctive expression patterns of AlsDEFa and AIsDEFH might be related to morphological

differences between the two-layered tepals.

Chapter 2

Viridiflora tulip, which is well-known cultivar group of tulips, has flower in which the tepals in whorls 1
and 2 has greenish stripe. This phenotype could be expected as class B mutant by the modified ABC model.

I observed the various strength phenotypes of viridiflora flower, and found out phenotype of tepals were

varied each individual, and looked correlating with that of stamens (Fig. 4).

I isolated two class A genes (TGSQOA and TGSQOB) and one class C genes (TGPLE) trom wild type tulip.
Northern hybridization of class A, B and C genes showed that the expression of TGDEFA and TGDEFB in
viridiflora tulip was weaker than that in wild type, whereas the expression pattern of 7GS0A4, TGSQOB, TGGLO and
TGPLE from wild type and viridiflora tulip were almost the same (Fig. 5). Comparison of amino acid sequences of
class B genes from wild type (*“White Dream’) and viridiflora cultivars (*Spring Green’) showed that two DEF-like
genes, T’GDEFA and TGDEFB, of *Spring Green’ had some amino acid differences; 119Ser->Asn in TGDEFA,
12Glu->Gly and 74Met->Ala in TGDEFB.

1 found that the reduction of the expression level of two DEF-like genes is involved in the development
of the viridiflora phenotype. This reduced expression of DEF-like genes might be caused by the amino acid

difference at position 12 (Glu->Gly) found in TGDEFB gene.
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Fig. 1 Models of floral organ identity
A. The ABC model B. The modified ABC model
Se: sepal. Pe: petal, St: stamen,  Ca: Carpel, Te: tepal

Fig. 2 Morphology of Alstroemeria ligtu
A. Inflorescence of A. figne ssp. ligtu.
B. Mature flower of 4. /igtir. Scale bar 1 em.
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Fig. 3 Expression analyses of class B genes of 4. figiu

Northern hybridization (A) and RT-PCR analyses (B) in cach organ (1. young floral bud: 2. outer tepal; 3,
inner tepal: 4. stamen; 5, carpel; 6, peduncle; 7, bract: 8. leafi and 9, stem). Ethidium bromide staining of
rRNA is shown under the blots (A). RT-PCR patterns are shown with 32 cycles. Amplification of the e£F 1A
fragment was used as positive control (B).
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Fig. 4 Flowers of wild type and viridiflora tulips
A. Side view ol the wild type cultivar *White Dream’ (lefl) and the viridiflora cultivar *Spring Green® (right).
B. Upper view of *White Dream’ (left) and *Spring Green’ (right). The anthers of *Spring Green’ are smaller
than those of the wild type. C. Variation in weak (la. 1b), intermediate (2a to 4a, 2b to 4h) and strong (5a, 5b)

phenotypes of the viriditlora cultivar *Spring Green

". The weak phenotype flower has mostly white tepals and

mature anthers (la, Ib). The strong phenotype flower has sepaloid or leaf-like tepals, and degenerate stamens
with filamentous anthers (5a, 5b). The viridiflora flowers have green and white tepals that appear to be a
mosaic organ of tepal and sepal or leaf, (1a to 5a) and degenerate stamens with thin anthers (1b to 3b).
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Fig. 5 Northern hybridization analysis in wild type
and viridiflora tulips

Northern hybridization analysis of TGSQA, TGSQOB,
TGDEFA, TGDEFB, TGGLO and TGPLE in wild type
(*White Dream”) and viridiflora (*Spring Green’). Lane
I outer tepal, lane 2; inner tepal, lane 3: stamen. lane 4
carpel. Ethidium bromide staining of rRNA is shown
under the each hlots.
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