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Abstract- The origin of the angiosperms, or flowering plants, is a major question of evolutionary biology, famously 

described by Charles Darwin as an abominable mystery, this group arose from a yet-to-be-identified ancestral 

lineage and diversified to form over 350,000 species alive today. Recent advances in molecular phylogeny and 

genetics have combined to provide much information on the origin of the angiosperms and their synapomorphy 

features, such as the carpel, outer ovule integument, bisexual reproductive axis, and double fertilization. This 

paper provides an overview of the flowering plants or angiosperms. The unique features of angiosperms are 

described, and based on these features, the evolutionary and phylogenetic history of angiosperm is traced. This 

paper also gives details on distribution, phytogeography, growth habit, life form classes, root and shoot systems, 

leaves, inflorescence, flower and reproductive biology. An account is also provided on the details of genetic 

diversity and species diversity found in angiosperms. 
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Introduction: 

 Angiosperms--- (from the Greek words angeion = bottle, vessel, and sperm = seed), a term coined by Paul Hermann in 

1690, represent the flowering plants classified under Angiospermae Lindl. (Also known as Magnoliophyta). They 

represent a most diverse group of seed-bearing vascular land plants (Spermatophyta). They can be distinguished from 

the gymnosperms, the other seedbearing group of plants by a number of characters The angiosperms are a monophyletic 

group of seed plants in which the ovules form inside a specialized female reproductive organ termed the carpel. Indeed, 

the term angiosperm derives from the Greek for seeds within a vessel and contrasts with gymnosperm, the name given 

to the remaining seed plants (conifers, etc.), which refers to naked seeds. The angiosperm carpel functions to protect 

the ovules within it, receive pollens grains, and guide pollen-tube growth towards the ovules. The carpel can also act as 

a selective barrier to fertilization, thus preventing close inbreeding and/or interspecific crosses. After fertilization, the 

ovary tissues of the carpel become the fruit, which protects the developing seeds and may finally contribute to their 

dissemination through a wide variety of mechanisms. The carpel, fruit, and other specific features of the angiosperms 

are thought to have contributed to the great evolutionary success of this group, which arose abruptly in the early 

Cretaceous and rapidly expanded to dominate most terrestrial habitats, today numbering over 350,000 species. In 

parallel, the gymnosperms have declined to only around 1000 living species. Carpels almost invariably arise at the 

centre of the angiosperm reproductive axis, or flower. While the flower is also considered unique to angiosperms, it is 

difficult to provide a simple and rigorous definition of this structure, other than the presence with it of the carpel Rather, 

it is easier to list the typical features of flowers, noting both exceptions to these and cases of evolutionary convergence 

with the angiosperms’ sister group, the living gymnosperms. Flowers, like gymnosperm cones, generally form as 

compact reproductive axes from which lateral organs arise in close juxtaposition. Flowers in some angiosperms display, 

like gymnosperm cones, a spiral phyllotaxy leading to somewhat variable number of organs, though the majority of 

angiosperms show a whorled arrangement, resulting in relatively fixed numbers and positions of floral organs. A typical 

flower contains, from inside to outside: a gynoecium of carpels, an androecium of pollen producing stamens, and a 

perianth of sterile, bract-like organs. Though gymnosperms contain pollen-producing microsporangia, which may be 

considered as homologous to the anthers of angiosperm stamens, the latter have a unique 4-loculate structure, not seen 

in gymnosperms. Angiosperms possess double fertilization (though a distinct form of this is also present in Gnetales), 

leading to the production of both an embryo and a biparental reserve tissue termed the endosperm. Angiosperms also 

show a number of synapomorphies in their vegetative anatomy and ecophysiological traits. These include the presence 

of xylem vessels (though vessels are absent in some basally diverging angiosperms), and net-veined leaves. Interesting, 

xylem vessels, though with bordered pits resembling those of conifer tracheids, are also present in Gnetales, while net-

veined leaves are present in the Gnetales genus Gnetum., 

 

History of Angiosperm  

Although many intuitive reconstructions of angiosperm evolution have appeared during the past century, it was not until 

the late 1980s that explicit analyses of angiosperm phylogeny were initiated. These pioneering initial investigations of 
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angiosperm phylogeny relied solely on evidence from morphology (e.g., Donoghue and Doyle 1989, 1989; Loconte and 

Stevenson 1991) and set the stage for large phylogenetic analyses that have been based on both DNA and morphology. 

These early phylogenetic studies provided important initial insights into relationships, indicating, for example, that 

dicotyledonous angiosperms were not monophyletic. Instead, the monocots were nested among clades of “primitive 

dicots in contrast, most dicotyledonous taxa formed a well-marked clade referred to as eudicots or tricolpates and Initial 

phylogenetic studies using morphology provided conflicting results regarding the root of the angiosperm tree, focusing 

attention on several possible groups as basal angiosperms. The analysis of Donoghue and Doyle (1989), which used 62 

binary characters for 20 placeholders, placed a Magnoliales clade as sister to all other angiosperms, followed by other 

woody magnoliids such as Laurales and a winteroid group. However, the composition of these clades did not agree with 

DNA-based circumscriptions Donoghue and Doyle (1989) also focused attention on a group they referred to as 

paleoherbs that included Piperaceae, Saururaceae, Aristolochiaceae, Nymphaeales), and monocots. In contrast, the 

phylogenetic analysis of morphological data conducted by Loconte and Stevenson (1991) placed Calycanthaceae as 

sister to all other angiosperms. Analysis of a larger morphological dataset for basal angiosperms found trees that were 

more similar to those obtained with DNA sequence data. Analysis of a large non- DNA dataset, consisting of 

morphological, anatomical, and chemical data for 151 angiosperms (Nandi et al. 1998) recovered a topology that was 

similar to trees obtained with molecular datasets. For example, the basal angiosperms formed a grade that included the 

monocots, and the eudicots formed a clade. Thus, there appears to be considerable phylogenetic signal in these non-

DNA datasets that in many instances agrees with topologies derived from sequence data  

  

 
Schematic representation of phylogeny of angiosperm 
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0rign of Angiosperms  

Most molecular phylogenetic analyses indicate that the living gymnosperms and angiosperms form two sister clades 

whose lineages separated some 300 million years ago (MYA). However, the radiation of the extant angiosperm’s dates 

from much more recently: most molecular clock estimates place this divergence between 180 and 140 MYA (Bell et al. 

2005), while the earliest unequivocal fossilized angiosperm pollen, found in Israel, Morocco and southern England, 

dates from around 135 MYA (Willis and McElwain 2013). Molecular and fossil data therefore combine to suggest a 

paleotropical origin for the flowering plants in the late Jurassic/early Cretaceous. Accordingly, we may conclude the 

living angiosperms to derive from a stem lineage of perhaps some 140 MY in length, from which no other living groups 

are available for study.   

 

Molecular phylogenetic studies 

  Fig indicates the earliest bifurcations in angiosperm phylogeny to separate the three orders, Amborellales, 

Nymphaeales, and Austrobaileyales, collectively termed the ANA-grade, from all other extant angiosperms, termed the 

euangiosperms or mesangiosperms. Amborellales are represented by the single living species Amborella trichopoda, 

which is a scrambling shrub, endemic to the understory of the tropical rainforests of New Caledonia. Most molecular 

phylogenetic analyses suggest Amborellales (and hence A. trichopoda) to be sister to all other angiosperms, though a 

few studies support a slightly different topology in which Amborellales are sister to Nymphaeales, focusing on ANA-

grade angiosperms and potential angiosperm stem-lineage relatives. Fossil taxa are shown in grey. The approximate 

positions of the zeta (ζ) and epsilon (ε) whole genome duplications, of probable key importance for the origin of seed 

plants and angiosperms, respectively, are indicated. Reconstructions of three angiosperm stem-lineage relatives are 

illustrated (of which Williamsoniella is shown in median longitudinal section), Nymphaeales include three families of 

aquatic or semiaquatic angiosperms, while Austrobaileyales comprise three families of woody plants, including shrubs, 

trees, and lianas. By contrast to the situation in angiosperms, the internal phylogeny of living gymnosperms is less clear 

(Doyle 2012), though in the topology which most frequently emerges, shown in Fig. 1, cycads occupy the most basal 

position, while Gnetales are nested within conifers as sister to Pinaceae. Morphological phylogenetic analyses have 

permitted the tentative placement of extinct gymnosperm groups on a molecular phylogenetic backbone of living seed 

plants. Two of the most likely relatives of the angiosperm stem lineage are Caytoniales and Bennettitales. The first 

member of Caytoniales to be discovered was the female reproductive structure Caytonia, which is probably of the same 

species as the pollen-bearing Caytonanthus and leaf-bearing Sagenopteris fossils. These plants, like many 

gymnosperms, possessed saccate pollen grains and a probable droplet-based pollination mechanism but had 

angiosperm-like net-veined leaves. Caytonia ovules developed within laminate cupules, whose potential homology to 

reproductive structures in angiosperms is discussed below. Interestingly, several further extinct gymnosperms also 

possessed multiovulate cupules. These include glossopterids (Fig. 1), corystosperms, and peltasperms, of which the 

former group is considered as a possible stem-lineage relatives of the angiosperms, while the latter two may be more 

closely related to extant gymnosperms (Fig. 1). Bennettitales, which are considered as particularly strong candidates for 

a close relationship to angiosperms, lacked multi ovulate cupules but showed the angiosperm-like features of net-veined 

leaves, nonsaccate pollen, and, in some species, a bisexual reproductive axis (Fig. 1). Interestingly, Bennettitales and 

angiosperms also share the capacity to synthesize oleananes, which are highly resistant terpenoid compounds that persist 

even in fossils. 
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Morphology of flowering plant  

Morphological concepts are used in plant evo-devo (evolutionary developmental biology) and other disciplines of plant 

biology, and therefore plant morphology is relevant to all of these disciplines. Many plant biologists still rely on classical 

morphology, according to which there are only three mutually exclusive organ categories in vascular plants such as 

flowering plants: root, stem(caulome), and leaf (phyllome).A synthesis of reconstruction studies indicates that early 

angiosperms were probably rapidly growing shrubs, perhaps with some liana-like tendencies, that grew in shaded and 

disturbed environments such as the borders of rapidly flowing streams running through dense Their flowers were 

probably small (Endress 2001), bisexual (Sauquet et al. 2017), protogynous, actinomorphic and contained an 

undifferentiated perianth of tepals (Endress and Doyle 2015). Both the perianth and androecium may have contained 

several subwhorls, each composed of three organs forest  
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A floral diagram and floral formula representing a reconstruction of the MRCA of living angiosperms, based. (b) 

Diagram of carpel anatomy in Trimenia (ANA grade, Austrobaileyalesthe major inferred features of the carpel in the 

reconstructed MRCA of living angiosperms 

 

The first angiosperms were probably pollinated by generalist insect pollinators and provided pollen rather than nectar 

as a reward (Endress 2001; Thien et al. 2009). The gynoecium in the MRCA of living angiosperms was almost certainly 

superior and probably contained more than five carpels conclude these carpels to have probably been spirally arranged, 

in contrast to the likely whorled arrangement proposed by these same authors for the perianth and androecium in the 

MRCA of living angiosperms. However, Sokoloff et al. have pointed out that flowers may be constrained to be either 

whorled or spiral throughout, rather than composed of a mixture of spiral and whorled territories, questioning therefore 

the interpretation of Sauquet et al. (2017). Whatever their phyllotaxy, the carpels of the MRCA of living angiosperms 

were most likely separate, ascidiate (bottle-shaped), and incompletely fused at the apex, being closed instead by the 

secretion of substances into an aperture or canal that permitted the penetration of pollen tubes (Endress 2001). By 

contrast, the carpels of many of the more recently evolved angiosperm groups are plicate (folded), completely closed at 

the apex, and fused together into a syncarpic gynoecium. 

               The stigmatic surfaces in the MRCA of living angiosperms were probably covered with multicellular striations, 

rather than the unicellular papillae more prevalent in later diverging angiosperms. These surfaces may have been in 

physical contact between adjacent carpels and thus contributed to a compactum that permitted the growth of pollen 

tubes between carpels and thereby improved the efficiency of fertilization. The ovary of each carpel probably Fig. 2 A 

floral diagram and floral formula representing a reconstruction of the MRCA of living angiosperms, which conserves, 

with the possible exception of ovule-number the major inferred features of the carpel in the reconstructed MRCA of 

living angiosperms. it contained one or a few pendants, anatropous ovules. Each ovule almost certainly possessed two 

integuments and a large nucellus (or maternal nutritive tissue), and probably contained a four-celled embryo sac 

(Friedman and Ryerson 2009). Double fertilization would have occurred to generate a diploid zygote and a diploid 

endosperm. Interestingly, in a few ANA-grade angiosperms, including Trimena (Austrobaileyales), several embryo sacs 

persist in the mature ovule and grow through the nucellus towards the pollen tubes to bring about fertilization. Thus, 

the growth of female gametophytes, as well as that of pollen tubes, may have contributed to a filter for fitness in early 

flowering plants (Bachelier and Friedman 2011). Seeds of the ancestral angiosperm probably possessed a form of 

morphophysiological dormancy, in which the embryo remained relatively small in the mature seed 

 

The Outer Integument and Carpel 

The inner integument of angiosperms appears homologous to the single integument of gymnosperms and therefore can 

be concluded to have arisen over 300 MYA in a common ancestor of living seed plants. The outer integument and carpel, 

by contrast, are unique to angiosperms and therefore must have arisen along the angiosperm stem lineage, before the 

MRCA of living angiosperms that probably lived some 160 MYA. Distinct sets of genes control organ polarity in the 

inner and outer integument, at least in Arabidopsis (Kelley et al. 2009), reflecting the separate temporal origins of these 

organs Caytonia cupules appear to be pinnately distributed along a radially symmetrical rachis, and each cupule contains 

8–30 intergametic ovules that form on its adaxial surface. The outer integument may have evolved from the cupule wall 

by a reduction in ovule-number to one-per-cupule, while the carpel may then have been formed by the expansion and 

conduplicate folding of the rachis around the resulting bite gametic ovules. This potential evolutionary mechanism leads 

elegantly to the anisotropies ovule, thought to have been present in Another cupule-bearing structure proposed as a 

potential progenitor of the carpel is the glossopterid-type sporophyll. In this case, the carpel could be interpreted as a 

compound structure that includes both the cupulate sporophyll and its subtending bract. However, fossil evidence of 

glossopterids considerably predates the likely origin of the angiosperms, and these plants have also been suggested as 

possible ancestors of Cayton ales and therefore as possible indirect ancestors of the angiosperms 

 

Bisexuality 

Bisexuality is predominant in the ANA-grade, as in the angiosperms as a whole, and ancestral reconstruction suggests 

this character was present in the MRCA of living angiosperms  Bisexuality is not, however, completely specific to 

angiosperms, as flower-like bisexual reproductive axes were present in the extinct gymnosperm order Bennettitales 

while morphologically bisexual, though functionally unisexual, reproductive axes are present in Gnetales .According 

to the mostly male theory (MMT; Frohlich 2003), bisexuality in a common ancestor of living angiosperms first arose 

through the ectopic production of ovules on microsporophylls situated towards the apex of its cone-like axes. The basal 

microsporophyll’s of these cones would have remained unisexual, while the subsequent loss of the microsporangia from 

the now bisexual sporophylls at the apex would have led to a bisexual axis composed of apical megasporophylls and 

basal microsporophylls. These transitions were, it is hypothesized, accompanied by the loss of NLY and all downstream 

pathways uniquely regulated by this factor. The MMT thus proposes that all angiosperm reproductive tissues, other than 
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those of the ovule itself, are derived from previously male developmental programs. However, LFY and NLY have not 

proven to show strictly respective male- and female-specific expression patterns in all gymnosperms. 

 

 

 
Fig--Three alternative evolutionary scenarios for the origin of major specific features of the flower 

 

Perianth 

The perianth is most frequently divided into an outer whorl of sepals, which typically function to protect the floral bud, 

and an inner whorl of petals, which may facilitate pollination by interacting with animal pollinators. However, the 

perianth may alternatively be undifferentiated, in which case its organs can be termed tepals. The perianth may also 

contain specialized organs such as the lodicules of Poaceae (grasses) or the 2 C. P. Scutt nectar spurs sporadically present 

in several families including Orchidaceae, Ranunculaceae, and Asteraceae. Angiosperm ovules are generally surrounded 

by two integuments, except in specific groups that show a secondary reduction to one integument, such as the asterids 

or certain Prunus spp. Gymnosperm ovules, by contrast, possess a single integument, though are surrounded by 

additional tissue layers in Gnetales. Arils, which take on a fruit-like appearance, also surround the ovules and seeds in 

some gymnosperm groups including Juniperus, Taxaceae, and Podocarpaceae. However, true fruits, derived from the 

ovary tissues of the carpel, are specific to angiosperms. 
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Embryo Sac Anatomy and Fertilization Mechanisms 

living angiosperms would have contained a four-celled embryo sac and double fertilization leading to a zygote and 

endosperm, both of which were diploid. Interestingly, both of the hypothesized independent origins of a triploid 

biparental endosperm (in Amborellales and euangiosperms, respectively) may have had a role in increasing the female 

genetic component of the endosperm and thus biasing parental conflict in Favor of female factors that promote an equal 

distribution of nutrients among sibling and/or half-sibling offspring. 

                    fertilization is particularly complex in flowering plants (angiosperms). Sperm cells of angiosperms have 

lost their motility and require transportation as a passive cargo by the pollen tube cell to the egg apparatus (egg cell and 

accessory synergid cells). Sperm cell release from the pollen tube occurs after intensive communication between the 

pollen tube cell and the receptive synergid, culminating in the lysis of both interaction partners. Following release of 

the two sperm cells, they interact and fuse with two dimorphic female gametes (the egg and the central cell) forming 

the major seed components embryo and endosperm, respectively. This process is known as double fertilization. Here, 

we review the current understanding of the processes of sperm cell reception, gamete interaction, their pre-fertilization 

activation and fusion, as well as the mechanisms plants use to prevent the fusion of egg cells with multiple sperm cells 

 

 
 

conclusion 

A number of recent developments provide much hope for efforts to understand the origin of the angiosperms. At present, 

complete genome sequence data, in draft form, is available only from one ANA-grade angiosperm (Amborella 

trichopoda) and two closely related gymnosperm taxa (Pinus spp. and Picea abies). However, increasing efficiency and 

decreasing costs of next generation sequencing (NGS) make it likely that we will soon have available a much more 

complete list of whole genome and transcriptome sequences. We need to reconstruct, in considerable detail, the genome 

of the ancestor of living angiosperms, and even that of their more distant ancestor from before the epsilon whole genome 

duplication event. 
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