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Abstract.  Flowers consist primarily of four basic organ types whose relative positions are
universally conserved within the angiosperms. A model has been proposed to explain how a small 
number of regulatory genes, acting alone and in combination, specify floral organ identity. This 
model, known widely as the ABC model of flower development, is based on molecular generic 
experiments in two model organisms, Arabidopsis thaliana and Antirrhinum majus. Both of these 
species are considered to be eudicots, a clade within the angiosperms with a relatively conserved 
floral architecture. In this review, the application of the ABC model derived from studies of these 
typical eudicot species is considered with respect to angiosperms whose floral structure deviates 
from that of the eudicots. It is concluded that the model is universally applicable to the 
angiosperms as a whole, and the enormous diversity seen among angiosperms flowers is due to 
genetic pathways that are downstream, or independent, of the genetic programme that specifies 
floral organ identity. 
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1.   Angiosperm flower 
 
An enormous diversity of size, shape, and complexity exists amongst the flowers of the 
quarter of a million species of extant angiosperms. Flower size varies over 1000-fold, 
with Rafflesia (Rafflesiaceae) flowers up to a meter in diameter dwarfing the minute 
flowers of Wolffia (Lemnaceae) measuring less than a millimeter across. Floral organ 
number also varies over several orders of magnitude with the comlex flowers of 
Tambourissa species (Monimiaceae) having more than a thousand organs while 
the simple flowers of the Chloranthaceae may consist of but a few organs. Despite 
the enormous diversity in numbers, sizes, and shapes of the floral organs within the 
angiosperms, a universal theme underlies the basic architecture of all angiosperm 
flowers: flowers are built of four basic organ types whose relative positions are invariant 
(figure 1A; sepals, petals stamens, and carpels). Thus, a basic floral ground plan exists 
that defines the relationship between organ type and position in all angiosperm species. 
The floral organ types typically develop in concentric rings or whorls, with sepals 
occupying the outermost positions, and petals, stamens, and carpels occupying success- 
ively more interior positions. Because of the constancy in the relative positions of floral 
organ types, it is hypothesized that a common genetic programme to specify floral 
organ identity is utilized during the development of all flowers. The striking variation 
observed among the angiosperm flowers would then be due to additional development- 
tal programmes that operate in parallel with or subsequently to the basic genetic 
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Figure 1. Wild-type, mutant and transgenic A. thaliana flowers. (A) Wild-type Arabidopsis 
flower consists of four whorls of floral organs: sepals, petals, stamens, and carpels. (B) ABC 
model of the specification of floral organ identity depicting how three classes of floral homeotic 
genes could specify the identity of each of the four whorls of floral organs. A section through 
one-half of a floral promordium is represented as a set of boxes, with the regions representing 
each whorl shown at the top of each column. Each box represents a single field (A, B, or C) as 
shown in the top set of boxes. The distribution of floral homeotic gene products present in each 
of the whorls is shown in the lower set of boxes, with the phenotype of the organs in each whorl 
shown in the lower set of boxes. Se, Sepal; P, petal; St, stamen; C, carpel. A schematic drawing 
of a longitudinal cross-section of the Arabidopsis flower is shown at the right, with each organ 
colour coded: sepals = green, petals = pink, stamens = yellow, and carpel = orange. (C) An 
agamous apetala3 flower is comprised entirely of sepals. (D) A 35S-AP3; 35S-PI; agamous 
flower is comprised entirely of petals. Photo compliments of Beth Krizek. (E) A 35S-AP3; 
35S-PI; apetala2 flower is comprised entirely of stamens. (F) An apetala2 pistillata flower is 
comprised entirely of carpels. 
 

 
 
programme that specifies floral organ identity. The first part of this review consists 
of a brief description of a molecular genetic model of how floral organ identity 
is specified, while the remainder of the review discusses flower diversity in the 
framework of this model. 
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2.   ABC model of flower development 
 
The recent application of developmental genetics has led to progress in the understand- 
ing of how organ type is specified in the flower. The advances are based on both genetic 
analyses of mutants which specifically disrupt floral development and the molecular
cloning of the corresponding genes to reveal the nature of their biochemical function.
Due to their ease of genetic manipulation, the focus was initially on two species, 
Arabidopsis thaliana (Brassicaceae) and Antirrhinum majus (Scrophulariaceae). 
A model (now known widely as the ABC model) based on genetic data was proposed 
to explain how a limited set of genes acting alone and in combination could specify the 
identity of the floral organs (Bowman et al 1989; Carpenter and Coen 1990; Schwarz-
Sommer et al 1990; Bowman et al 1991; reviewed in Coen and Meyerowitz 1991; 
Weigel and Meyerowitz 1994). Subsequent molecular analyses of the relevant genes 
and ectopic expression studies in Arabidopsis have largely supported the genetic model 
and led to numerous refinements and further insights (e.g., Drews et al 1991; Mandel 
et al 1992; Jack et al 1994; Sakai et al 1995; Krizek and Meyerowitz 1996; reviewed in 
Weigel and Meyerowitz 1994). 
 
2.1   Floral homeotic mutants of Arabidopsis 
 
The Arabidopsis flower, as with the flowers of many dicotyledonous species, consists of 
four concentric whorls of organs. Four sepals occupy cruciform positions in the first 
whorl, with the second whorl consisting of four petals whose positions are alternate and 
interior to those of the sepals. Six stamens occupy the third whorl, and a two-carpelled 
gynocium forms the fourth whorl (figure 1A). Several studies have focused on a set of 
floral homeotic genes, mutations in which result in homeotic transformations of one 
floral organ type into another floral organ type. One interpretation of these mutants is 
that cells in the developing flower misinterpret their position, and thus, differentiate 
into inappropriate cell types. The floral homeotic mutants fall into three classes, 
designated A, B, and C, and mutants in each class result in organ identity defects in two 
adjacent whorls. A class mutants (apetala2[ap2] and apetala1[ap1] have homeotic 
conversions in the first two whorls, with, in the case of ap2, the first whorl organs 
developing as carpels rather than sepals, and stamens arising in the place of petals 
(Komaki et al 1988; Bowman et al 1989,1991,1993; Kunst et al 1989; Irish and Sussex 
1990; Gustafson-Brown et al 1994; Jofuku et al 1994). Β class mutants (pistillata [pi] 
and apetala3 [ap3]) have alterations in the middle two whorls with sepals developing 
instead of petals in the second whorl and carpels instead of stamens in the third whorl 
(Bowman et al 1989; Hill and Lord 1990; Bowman et al 1991; Jack et al 1992; Goto and 
Meyerowitz 1994). The inner two whorls are affected in C class mutants (agamous[ag]), 
with petals developing in place of stamens and another flower replacing the carpels 
(Bowman et al 1989, 1991; Yanofsky et al 1990). 
 
2.2   ABC Model 
 
The basis tenets of the ABC model (figure 1B; Bowman et al 1991) are that: (i) each of 
the classes of homeotic gene function acts in a field comprised of two adjacent whorls, 
the particular whorls being those that are altered when the corresponding genes are in 
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mutant form; (ii) the combination of floral homeotic gene activities present in any 
particular whorl specifies the type of organ that develops in that whorl, e.g., A class 
alone specifies sepals, classes A + Β specify petals, classes Β + C specify stamens, and 
C class alone specifies carpels; and (iii) the class A and class C activities are mutually 
antagonistic such that loss of A results in C activity in all four whorls and vice versa. 
For most of the genes it has been shown that the first and third tenets are satisfied at the 
transcriptional level, however, for some class A genes (AP2), the restriction of their 
organ identity activity to the outer two whorls must occur post-transcriptionally 
(Jofuku et al 1994; Liu and Meyerowitz 1995). The model successfully predicts the 
phenotypes of the floral organs for most of the single, double and triple mutant 
genotypes examined. However, in triple mutants in which all of the Α, Β and C classes of 
floral homeotic activities are removed, the model does not predict which type of organ 
will develop. One might suppose that if all genes required for the specification of floral 
organ identity were removed, the identity of the resulting organs might represent 
a ground state, possibly a leaf-like organ. In actuality, organs with features of both 
carpels (such as stigmatic tissue, fusion of organs along their margins, and ovules) and 
leaves (stellate trichomes and stipules) develop in the triple mutant flowers (Bowman 
et al 1991). Thus, there must exist genes that specify carpel development in the absence 
of C class gene function (Bowman et al 1991). 
 
2.3 Manipulation of floral organ identity in arabidopsis 
 
All of the known floral homeotic genes encoding the A, B, and C functions have been 
cloned in Arabidopsis, and likely encode transcription factors. Intriguingly, one of the 
A class genes (AP1) and all of the Β and C class genes (AP3, PI, AG) encode 
transcription factors belonging to the MADS box gene family, suggesting that a diver-
sification of this gene family may have been instrumental in the evolution of flowers 
(Purugganan et al 1995; Theissen et al 1996). Ectopic expression studies of the Β and 
C class genes have shown that they are necessary and sufficient to specify organ identity 
within the flower (Mandel et al 1992; Mizukami and Ma 1992; Jack et al 1994; Krizek 
and Meyerowitz 1996). Utilizing combinations of mutant and transgenic lines in which 
the A, B, or C genes have been ectopically expressed it is possible to manipulate the 
floral organ identity in each whorl of the flower. There are few constraints on the 
identities and positions of the different floral organs. For example, a flower consisting 
entirely of sepals can be formed if both the Β and C functions are removed, as in an ag 
ap3 double mutant flower (figure 1C; Bowman et al 1991). Likewise, a flower consisting 
entirely of carpels develops when both the A and Β functions are removed, as in an ap2 
pi double mutant flower (figure 1F; Bowman et al 1991). Flowers consisting of all petals 
or all stamens can also be generated. Expression of the Β class genes (AP3 and PI) in all 
four whorls of a C class mutant (ag) result in a flower consisting of petals in all whorls 
(figure 1D; Krizek and Meyerowitz 1996). Conversely, expression of the Β class genes 
in all four whorls of A class mutant (ap2) result in a flower consisting of stamens in every 
whorl (figure 1E; Krizek and Meyerowitz 1996). Thus, all of the different types of floral 
organs can potentially develop in any of the four floral whorls. One of the few floral 
architectures that may not be easily obtainable is a flower with a reverse organ order 
(i.e., carpels, stamens, petals, sepals). This may be due to the antagonistic nature of the 
A and C activities which is some cases has been shown to be at the transcriptional level
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and may be direct. A further complication is that both A class genes are also involved in 
earlier events in floral development, namely the specification of the flower meristem.
 

3.   Universality of the ABC model 
 
Recent molecular and morphological phylogenies of the angiosperms, which form 
a monophyletic group, suggest the presence of two large monophyletic clades, the 
eudicots and monocots, embedded within a poorly defined basal assemblage of 
Magnoliid dicots (Crane et al 1995). The eudicots are defined by their triaperturate 
pollen, while the monocosts are defined by their single cotyledon amongst other 
features. The basal assemblage of Magnoliid dicots appears polyphyletic and the 
relationships between them are not well established. Identifying the ancestral 
characters of the flower will rely on elucidating the phylogenetic patterns among 
the Magnoliid dicots. Although their relationships are an enigma at present, the 
application of large scale molecular phylogenic analysis is beginning to resolve 
the early diversification of this group of angiosperms (Chase et al 1993; Soltis 
et al 1997). How universal is the ABC model with respect to floral organ specification 
in the angiosperms as a whole?
 
 
3.1   ABC genes from other eudicot species 
 
Initially, the molecular genetic experiments focused on two evolutionarily divergent 
dicotyledonous species, A. thaliana and A. majus (Schwarz-Sommer et al 1990; Coen 
and Meyerowitz 1991; Weigel and Meyerowitz 1994). Both of these species, like most 
other species of eudicots, have flowers that consist of the four floral organ types 
mentioned above organized in four concentric whorls. Thus, although more than 100 
million years separates these two species, their floral architecture is very similar. Thus, 
it was not surprising to find that they share a common genetic network for specifying 
floral organ identity. Subsequently, investigations have shown that the model orig- 
inally proposed for Arabidopsis and Antirrhinum, is likely to be directly applicable to all 
eudicots (figure 2A). This is based on the observation that similar sets of orthologous 
floral homeotic genes appear to be active in the Solanaceae (Petunia hybrida, van der 
Krol and Chua 1993; Nicotiana tabacum, [tobacco], Hansen et al 1993; Kempin et al 
1993; Lycopersicon esculentum [tomato], Pnueli et al 1991), the Myrtaceae (Eucalytus 
globulus, Kyozuka et al 1997a), the Polygonaceae (Rumex acetosa, Ainsworth et al 
1995), the Caryophyllaceae (Silene latifolia, Hardenack et al 1994), the Salicaceae 
(Populus trichocarpa, Brunner et al 1997), and the Asteraceae (Gerbera sp., Yu et al 
1997). The general applicability of the model is further strengthened by that fact that 
heterologous floral homeotic genes can function in widely divergent eudicots (Mandel 
et al 1992). Thus, the genetic programme that specifies floral organ identity in eudicots 
appears to be conserved in all species examined to date. 
 

3.2   Tepals versus sepals and petals 
 
In contrast to the eudicots, the perianth (sterile organs of the flower, e.g., sepals and 
petals of eudicots) of many species of monocots and basal dicots consists of only a single 
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Figure 2.  The top panel in each column is a colour photo of a representative species of a higher
eudicot (A), a monocot (B), and a grass flower (C), with the respective floral diagram depicted in 
the middle panel. The application of the model of the specification of floral organ identity is 
shown in the lower panel, in the same convention as in figure 1. (A) Aquilegia sp. (Ranun- 
culaceae). Flowers of Aquilegia (columbine) are typical of the higher eudicots, being composed of 
the four basic floral organs: sepals, petals, stamens, and carpels. There is one whorl each of sepals, 
petals and carpels, and approximately ten whorls of stamens. Each of the whorls is composed of 
five members, again typical of many, but not all, higher eudicots. The flowers are pendant with 
the spurs of the petals containing the nectaries. In the case of Aquilegia, the model for the 
specification of organ identity applies as was postulated for Arabidopsis and Antirrhinum. (B) 
Lapageria rosea (Liliaceae). Flowers of many lily family species have a rather undifferentiated 
perianth, as in this L. rosea. In these cases the perianth members are often referred to as tepals. 
Thus, the Lapageria flower consists of two outer whorls of tepals, a third whorl of six stamens, 
and a fourth whorl of three united carpels. The basic number of floral organ parts per whorl in 
this flower is three, a characteristic of many monocot flowers. In the case οf Lapageria, the model 
must be modified such that the Β class genes are active in the first whorl as well as the second and
third whorls, thus giving rise to a situation in which the outer two whorls are essentially identical.
(C) O. sativa (Poaceae). Flowers of the grass family are highly derived and reduced. The typical 
grass flower has an outer whorl composed of a palea (left outer organs in figure) and a lemma 
(right outer organ in figure). The second whorl contains organs referred to as lodicules, and the 
third and fourth whorls contain shamens and carpels respectively. In the case of O. sativa (rice), 
the model of organ identity need not be modified if one makes the assumptions that the palea 
and/or lemma are equivalent to the sepals of most other flowers and the lodicules are equivalent 
to petals. That the lodicules are homologous to petals is strongly suggested by rice Β class 
mutants described in the text. The case of the palea and/or lemma being homologous to sepals of 
other angiosperms is at present equivocal; examination of the expression patterns of A class 
genes in these organs may help clarify their homology to floral organs of other angiosperms. Se, 
Sepals; P, petals; St, stamens; C, carpels; T, tepals; Pa, palea; Le, lemma; Lo, lodicules.
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type of organ, often referred to as tepals. In many cases, the tepals are in two distinct 
whorls and phenotypically resemble petals. For example, flowers of the Liliaceae 
consist of two outer whorls of pigmented tepals, a third whorls of stamens, and a fourth 
whorl of carpels (figure 2B). One interpretation of the architecture of these flowers is 
that they develop a second whorl of petals in the positions usually occupied by sepals in 
eudicots. This suggests that in these flowers the outer boundary of the Β class genes has 
been shifted to the perimeter of the flower such that the Β class genes are now active in 
the first whorl as well as the second and third whorls (figure 2B). Support for this 
hypothesis comes from genetic analyses of Tulipa. A spontaneous mutant, Viridiflora, 
was identified in which the two whorls of tepals were homeotically transformed into 
sepal-like organs while the stamens were transformed into carpels, a phenotype 
reminiscent of the Β class mutants of Arabidopsis (van Tunen et al 1993). The Viridiflora 
mutant phenotype suggests that Β class genes are active in the outer three whorls of 
wild-type Tulipa flowers. 
 It is likely that a perianth composed of a single type of organ, rather than one which 
was differentiated into distinct sepal and petal organ types, represents the ancestral 
condition in angiosperms. Evolution of a differentiated perianth could occur by differentia-
tion of the existing perianth into two distinct organ types, or alternatively, by conversion of 
stamens to petaloid organs. In the former case, a shift in the outer boundary of Β class gene 
function could account for the differentiation into two distinct organ types, the direction of 
the shift being dependent on the original condition of the undifferentiated perianth (e.g., 
sepaloid versus petaloid). In the latter case, a centripetal shift in the boundary demarking 
the A and C class functions could account for the recruitment of stamens of become 
petaloid organs. It seems probable that both of these scenarios, as well as others, occurred 
in various angiosperm lineages (Cronquist 1988; Endress 1994). For example, within the 
Magnoliaceae, all transitional stages from an undifferentiated perianth consisting of 
petaloid organs (tepals) to well differentiated perianths consisting of sepals and petals 
occur. In this case it appears that the sepals might have been derived from tepals, In 
contrast, within the Ranunculaceae, the petals appear to be staminodal in origin. Regard-
less of the evolutionary mechanism by which a bifurcated perianth arose, simple shifts in 
the boundaries of the homeotic gene functions can account for the observed variation.
 
3.3   Grass flowers 
 
While flowers of most eudicots and some monocots resemble those of Arabidopsis and 
Antirrhinum (composed of sepals, petals, stamens, and carpels) flowers of some other 
monocots are often quite distinct, making homologies between floral organs difficult. 
For example, flowers of the Poaceae consist of an outer set of organs called the palea 
and lemma; internal to these outer organs are lodicules, and interior to the lodicules are 
the sexual organs, the stamens and carpels (figure 2C). Grass flowers are subtended by 
leafy organs termed glumes which are likely homologous to the bracts subtending 
flowers of many other angiosperms. Studies of two Poaceae species, Oryza sativa (rice) 
and Zea mays (maize), suggest that the genetic programme specifying floral organ 
identity in grass flowers shares remarkable conservation with that of eudicots. Rice 
mutants have been isolated that result in homeotic transformations of the lodicules into 
palea-, lemma-, or glume-like structures and the stamens into carpels (Nagato 1994). 
These mutants resemble the Β class mutants of Arabidopsis and Antirrhinum and their 
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phenotype strongly suggests that the lodicules of the grass flower are homologous to 
petals (figure 2C). Orthologs of the A and C class genes have also been isolated from 
rice (Kyozuka et al 1997b), suggesting that the molecular control of floral organ 
identity in rice is conserved as well. Similar studies in maize support these conclusions 
(Veit et al 1993), but in the case of maize, the interpretations are complicated by the 
evolutionarily recent tetraploidization of maize. In general, two copies of each of the A, 
B, and C genes appear to be present in the genome of maize (Veit et al 1993; Mena et al 
1996). This results in either complete or partial redundancy such that when one of the 
copies is rendered non-functional by mutation, the functional copy mitigates the 
mutant phenotype (Mena et al 1996). In the case of the C function, there is only partial 
redundancy suggesting that in the time since maize acquired its tetraploid nature, the 
two C class genes have evolved to have both distinct and overlapping functions (Mena 
et al 1996). A similar situation has been observed in the eudicot Petunia hybrida, 
a tetraploid species derived from two different diploid species (Angenent et al 1993; van 
der Krol and Chua 1993; Halfter et al 1994). Since the evolutionary divergence between 
the Poaceae and the eudicots likely occurred early in the radiation of the angiosperms, 
it is likey that all angiosperms utilize the same basic genetic programme for specifying 
floral organ identity. 
 

3.4   Monoecious and dioecious species 
 
While hermaphroditic flowers are likely to be the ancestral condition, monoecism and 
dioecism have evolved in many separate lineages within the angiosperms (e.g., Irish and 
Nelson 1989; Dellaporta and Calderon-Urrea 1993; Grant et al 1994). Perhaps due to 
the polyphyletic nature of their origin, the mechanisms by which unisexual flowers 
develop are diverse as well. Plant species usually achieve unisexuality by selective abor-
tion of the male or female reproductive organs, however, this abortion can occur at any 
stage in the development of the sexual organs. For example, in Asparagus (Liliaceae), 
development is arrested at micro- or megagametogenesis in the appropriate flowers, 
while in maize (Poaceae) the stamen or carpel primordia are aborted at an early stage of 
development, and in Mecurialis (Euphorbiaceae) no vestiges of the inappropriate 
sexual organ primordia emerge from the floral meristem. Since most flowers of 
monoecious and dioecious plants begin their development as bisexual flowers, it seems 
unlikely that the ABC genes are involved with the selective abortion of the sex organs. 
In support of this, when ABC gene expression has been examined in flowers of monoecious 
or dioecious plants (Rumex acetosa, Ainsworth et al 1995; S. Latifolia, Hardenack et al 
1994; P. trichocarpa, Brunner et al 1997), their expression patterns resemble those of 
perfect (hermaphroditic flowers. This suggests that the genetic programmes specifying 
sex determination act downstream or independently of the floral organ identity 
specification programme. Indeed, it may be a general phenomenon that floral homeotic 
gene expression is not causally involved in most cases where organs of any particular 
type, sexual or perianth, fail to develop due to either selective suppression or abortion.
 

3.5   One in a quarter of a million 
 
There are always exceptions to the rule. In the case of the quarter of a million or 
so documented angiosperm species, there is one species, Lacandonia schismatica 
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(Lacandoniaceae) in which the stamens are interior to the carpels (Martinez and Ramos 
1989). This small, saprophytic plant has flowers that consist of two outer whorls of 
three tepals each, 60-80 free carpels interior to the tepals, and then three central 
stamens. The flowers of L. schismatica resemble those of the most closely related family, 
the Triuridaceae, a family of small tropical herbs that live on dead or decaying matter. 
Flowers of the Triuridaceae consist of two outer whorls of tepals, a small number of 
stamens, and numerous free carpels in the center of the flower, thus, they are identical to 
those of Lacandonia except for the placement of the stamens (Heywood 1993). 
However, within the Triuridaceae both monoecious and dioecious species exist, with 
the female flowers of dioecious species consisting of two outer whorls of tepals and 
numerous carpels interior to the tepals. One possible explanation of the unusual flower 
architecture exhibited by L. schismatica is that this species evolved from a dioecious 
ancestor within the Triuridaceae in which the Β class genes were reactivated in the 
centre of the flower resulting in the development of central stamens (Vergara and 
Alvarez-Buyela 1997). 
 

 

3.6   Variations on a theme 
 
Flower mutants have fascinated man for centuries, and some of these variants 
have become a large fraction of the commodities of the cut flower industry (e.g., 
Meyerowitz et al 1989). The literature is replete with reports of variation occurring 
between flowers of a single species as well as variations of flower architecture between 
closely related species (see Meyerowitz et al 1989 and references therein). Many of these 
flower variants can be explained by simple shifts in the boundaries of homeotic gene 
activity with respect to the positions of floral organs. For example, ‘double flowers’, in 
which additional whorls of petals develop, have been described in a variety of species. 
Obvious examples are roses and carnations, which in wild-type form have only five 
petals. In cases where the development of these ‘double flowers’ has been examined, the 
extra petals arise in positions normally occupied by stamens. For example, Potentilla 
fruticosa (Rosaceae) flowers usually consist of five sepals in an outer whorl, five petals 
in a second whorl, 20-25 stamens in 4-5 whorls, and numerous carpels interior to the 
stamens. In ‘double flowers’ of this species, an extra whorl, or sometimes two, of petals 
develops at the expense of the outermost whorl (s) of stamens (Innes et al 1989). This 
phenotype can be explained by a shift in the A/C boundary towards the centre of the 
flower. This would result in the outermost whorl of organs that would normally
develop as stamens expressing A and Β class activities rather than Β and C, and thus
they would differentiate into petals. Similar floral variants have been described in 
a variety of eudicot species [(e.g., Sanguinaria canadensis (Papaveraceae; Lehmann and 
Sattler 1993), Actaea rubra (Ranunculaceae; Lehmann and Sattler 1994), Hibiscus 
rosa-sinensis (Malvaceae; MacIntyre and Lacroix 1996)] suggesting that shifts in the 
A/C boundary may be quite common. 
 As discussed in a previous section, shifts in the relative position of the outer 
boundary of Β class homeotic gene function could result in a homogeneous perianth. 
Ford and Gottleib (1992) reported a naturally occurring variant of Clarkia concinna 
(Onagraceae), bicalyx, in which the outer two whorls consist of sepal-like organs, rather 
than being differentiated into sepals and petals as they are in normal Clarkia flowers. 
This phenotype could be explained by a shift in the outer boundary of Β class function 
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towards the centre of the flower resulting in two whorls of organs having only A class 
gene function. A shift in Β class activity in the opposite direction, towards the periphery 
of the flower, appears to have occurred in the genus Clermontia (Lobeliaceae; Di 
Laurenzio et al 1997). In this case, several species have a perianth consisting of two 
whorls of petals, as opposed to the ancestral condition which was a perianth consisting 
of both sepals and petals. 
 In the examples above, it appears that the floral homeotic gene activity boundaries 
may have shifted in closely related species or in genetic variants within a single species. 
Similar shifts may account for variation across broader ranges of taxa. For example, 
the families within the Zingiberales each have their own characteristic floral structure 
(Kirchoff 1991). Some families, such as the Strelitziaceae (birds-of-paradise) and 
Musaceae (bananas), have flowers typical of monocots: three sepals, three petals, six 
stamens (in two whorls), and three carpels. In other families (e.g. Zingiberaceae [ginger], 
Cannaceae, and Marantaceae), sterile petaloid structures, often referred to as stami- 
nodes, develop in the positions normally occupied by stamens (Kirchoff 1991). In the 
most extreme cases, as in the Cannaceae and Marantaceae, four of the six positions 
normally occupied by stamens are occupied by petaloid organs, and a fifth position 
contains an aborted organ. The final stamen position is occupied by an organ that is 
one-half petaloid and one-half stamenoid, such that only one functional theca is formed 
(Kirchoff l991). The phenotypes of each of the families could be explained by a shift in 
the A/C boundary towards the centre of the flower, the extent of the shift varying 
between the families. In this scenario, the shift in the A/C boundary would not be 
symmetric, but rather it would occur in an irregular manner such that organs within 
a single whorl, and in some cases individual organs, would have different combinations 
of floral homeotic gene activity (i.e., A + Β versus Β + C). This hypothesis could be 
tested by examining A and C class activity in various Zingiberales families.
 
4.   Conclusions 
 
If the genetic programme that specifies floral organ identity is conserved throughout 
the angiosperms, what then is responsible for creating the enormous diversity between 
flowers of different species? The simplest explanation is that other genetic programmes 
that act independent of or subsequent to the floral organ identity programme are 
responsible for generating diversity in floral form. For example, the number of whorls 
of floral organs and the number of floral organs within a whorl are probably controlled 
by genetic programmes that dictate species specific cell division patterns in the floral 
meristem, and these programmes likely function independently of that specifying floral 
organ identity. Other genetic programmes that likely operate in a species specific 
manner include ones influencing floral organ size, shape, and colour. Such programmes 
could either act independently of the specification of floral organ identity, or be 
ultimately activated (i.e., downstream) by the genes controlling floral organ identity. 
For instance, the genetic programme controlling the zygomorphy (asymmetry) of the 
Antirrhinum flower operates independently of that Controlling floral organ identity, 
while the programmes controlling organ size and shape appear to be activated by the 
floral organ identity programme (Luo et al 1996). 
 Presently several major issues remain unresolved. Firstly, how are the ABC genes 
which specify floral organ identity initially activated? Genetic analyses have identified 
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several potential positive regulators, but the relationship between these earlier acting 
genes and the ABC genes is currently an enigma. Secondly, how is the positional 
information encoded in the distribution of the ABC homeotic gene products translated 
into the differentiation of particular organ types? The identification of the genetic 
programmes ‘downstream’ of the homeotic genes remains one of the biggest challenges 
in developmental biology. Finally, from where did the genetic programme specifying 
floral organ identity evolve? Similar, perhaps orthologous, genes are found in non-
flowering seed plants (e.g., Tandre et al 1995) suggesting that the ABC genes may 
have been appropriated from a pre-existing genetic programme in a progenitor of 
flowering plants to assume its present role in angiosperms. Knowledge of the function 
of these orthologous genes in non-flowering plants such as the Gnetales and gymno-
sperms could illuminate both the evolutionary origin of the flower and potential 
homologies between the floral organs of angiosperms and the reproductive organs 
of non-flowering seed plants. 
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