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INTRODUCTION approach to the analysis of poly- and isomorphism 

(Urmantsev 1983, Lodkina 1977, Ezhova & Sklyarova 
Abnormal types of generative structures are 2001, etc.). Research connected with homeosis and 

widespread in various plant groups (Penzig 1921, homeotic structures is significant for phytoteratology 
Fedorov 1958, Sitnikov 1991, etc.). The diversity of (Sattler 1988, etc.). They are widespread in modular 
types of atypical structure of flowers and inflorescences organisms (Notov & Andreeva 2013b). It is currently 
creates significant problems for their classification important to search for model taxa which could be used 
(Kostina 2009, Andreeva 2010, Notov & Andreeva as an example for the development of general 
2013b). approaches to the classification of anomalous  

The systematization of the diversity of anomalous structures. Thus, it is necessary to analyze the data on 
structures should be primarily based on the information morphogenesis and the main ways of transformations of 
about typical morphogenesis. One should take into typical structures. The specifics of the architectural 
account the ways of its transformation and the general model that reflects the main patterns of plant structure 
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ABSTRACT

Keywords :  

Monopodial rosette-forming herbaceous Rosaceae is a convenient model group for researching the anomalies of the 

generative structures. We studied the diversity of anomalous structures in different taxon this groups. Homeotic 

variantes of the anomalies in monopodial rosette-forming Rosaceae connected with the features of their architectural 

model. We developed the classification approach to the analysis of teratological diversity. It takes into account also 

mechanisms of conversion of typical morphogenesis. Our classification of anomalies of monopodial rosette-forming 

Rosaceae has several levels of detail. We developed also special classifications of anomalous structures for specific 

taxonomic groups. We have considered for example of Geum rivale teratology-specific in the taxa with great 

frequency of homeotic structures. For example, species of the Alchemilla vulgaris complex studied a variety of 

anomalies in the taxa with regular apomixis. The species of this complex are characterized by a high level of 

variability of the flower, which does not depend on weather conditions. We found that in the multiflorous thyrsae of 

Alchemilla the flowers with an increased number of elements is localized on low orders of branching. Flowers with a 

reduced number of elements are formed at higher orders of branching. Further teratological analysis of other taxa of 

monopodial rosette-forming Rosaceae is relevant.

Anomaly, teratology, flower, generative structures, classification, monopodial rosette-forming plants, 

Alchemilla, Geum, Potentilla, Rosaceae.

REP O RT DN UAL CP T IF VEO  BYT IOE LI
C O

O G
IS S TEH ST

AA Notov final...

Monday, November 23, 2015 4:34:55 PM



should also be taken into account (Serebryakova 1977, The model objects were species of the Alchemilla 

1983, 1987, etc.). vulgaris L. s. ampliss. (A. monticola Opiz, A. micans 

Buser), Alchemilla alpina L., Geum rivale L., G. The Rosaceae family is a convenient group for 
urbanum L., Potentilla erecta (L.) Raeusch. During the researching the anomalies of the monopodial and 
development of the classification of anomalous types of sympodial types of growth are seen both in arborescent 
flower-bearing stems in monopodial rosette-forming and herbaceous Rosaceae (Serebryakova 1987,  Kostina 
Rosaceae the authors have additionally studied 2009, etc.). The significant diversity of generative 

structures in Rosaceae has been determined by frequent materials from other taxa (species from the genera 
occurrence of apomixis and hybridization, a Lachemilla Rydb., Sanguisorba L., Waldsteinia Willd.). 
comparatively low level of flower specialization, and the Materials and observations of herbarium collections 
presence of various architectural structures. A more were also used (MW, LE, MHA, LECB).
complex structure of flower-bearing stems is The main objects of the work were Geum rivale, 
characteristic of herbaceous forms with monopodial Alchemilla monticola and A. micans. Geum rivale is 
growth. All this leads to the timeliness of a special characterized by a high frequency of homeosis variants 
teratological study of monopodial rosette-forming of reproductive structure. Species of the Alchemilla 
Rosaceae (Notov & Andreeva 2013b). vulgaris L. s. ampliss. is are typical plants with regular 

The aim of our study was to develop an approach to apomixis.
the analysis of anomalous generative structures in Exceptionally interesting material on the 
Rosaceae. reproductive structure anomalies of  has been 
Objectives : collected by the authors of this study at the end of 1995 – 

2009 in the Tver Region (Russia). (Andreeva & Notov 1. To study the diversity of generative anomalous 
2009, Notov & Andreeva 2013b, 2014b, 2015a, b). We structures in different taxa of Rosaceae.

found no sources of chemical or radiation contamination 2. To offer general approaches to classification of 
in the nearby areas. The studied plants were growing on anomalous structures.
the meadow with prevailing of Alchemilla species and 3. To develop a classification of anomalies for taxa 
grass. All the specimens were in the mature generative with high frequency of homeosis. 
stages (g) and were the same in their vitality 4. To identify teratological especially in taxa with 
characteristics.regular apomixis:

Alchemilla monticola were collected in 1998-1999 
(a) Research on the frequency of anomalous

near the Burashevo village (Notov & Andreeva 2014b, 
flowers;

2015b). All together 10217 flowers were studied (see 
(b) Study of the level of variability of different 

Notov & Andreeva, 2013b, 2014b). We marked the 
parts of the flower;

location of each anomalous flowers of Alchemilla 
(c) Exploration of the patterns of location of monticola on flower-bearing stems on the schemes. 

anomalous flowers on flower-bearing stems. Materials of Alchemilla micans were collected in 

July 2008–2009 near the Fefelovo village. In general MATERIALS & METODS
15381 flowers were studied (see Notov & Andreeva, 

The authors have identified and described the types 2013b, 2015a).
of anomalous flower-bearing stems in some of 

monopodial rosette-forming Rosaceae. The frequency RESULTS & DISCUSSION
of flowers of an atypical structure has been clarified and 

GENERAL CHARACTERISTICS OF THE the level of variability of various flower parts in some 
OBJECTSgroups has been evaluated (Notov & Andreeva 2013b). 
Morphological and biomorphological features-All Approaches to the classification of generative structures 
representatives of the studied taxa have a monopodial that have an abnormal structure have been developed 
rosette-forming architectural model (Serebryakova (Notov & Andreeva 2013a, b).

Rosaceae
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1977, 1987, Petukhova 1980, 2000, Notov 1993). The development (Tikhonova 1974, Petukhova 1980, Notov 

shoots are clearly differentiated into two types: 1993). All have an apocarpous gynoeceum and achenes 

vegetative and reproductive. Vegetative shoots form an or polyachenes.

epigeogenic rhizome that has a skeletal function and is Flowers of model species have a flower-cup with an 

the basis for the perennial plant body. They are epicalyx and are characterized by different levels of 

perennial, rosette and have leaves of a medial formation. specialization. Large but non-fixed numbers of carpels 

Reproductive shoots are ephemerous and specialized. and stamens form in species of the Potentilla and Geum 

They are represented by elongated axil flower-bearing genera. Studied species from the Alchemilla genus have 

stems. After blooming and fructification the flower- a monomeric gynaeceum and an androecium of four 

bearing stems die away completely. stamens.

Plants are polycarpic and form short epigeogenous The specific of flower-bearing stems in 

rhizomes. They are characterized by the details in the monopodial rosette-forming plants—The specific of 

structure of the skeletal and generative shoots. the anomalous flower-bearing stems in monopodial 

Differently structured foliage leaves can form on their rosette-forming Rosaceae is defined by the specifics of 

rhizomes; cataphyll leaves are seen less often. the architectural model (Notov & Andreeva 2013a, b) 

Generative shoots are represented by few-flowered This dependency is especially clear in cases with deep 

flower-bearing stems and thyrsae of varying complexity. transformations of the typical flower-bearing stem 

Synflorescences are monothelic.  All types are typical structure. The presence of morphogenetic programs that 

herbaceous plants. Only Alchemilla alpina has some control the formation of different types of shoots defines 

characteristics in common with frutescent forms (Notov the wide distribution of structures that are formed as a 

1993). Model objects differ in the rhythm of seasonal result of the “overlapping” (combination) of two 

B

A

Fig. 1—Some types of the anomalous generative structures of Geum rivale. À –flower-bearing stem of a normal 
structure; * – proliferate flowers; Ñ – homeotic structures that combine different flower elements (B); the flower-
bearing stem of a normal structure is in the box.
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developmental algorithms. As a result shoots that – without adventitious roots
combine characteristics of vegetative and generative – with auxiliary vegetative rosette shoots
ones are formed. They have been noted in different - with proliferate flowers 
species of the Geum, Alchemilla, Potentilla genera 

- without proliferate flowers
( Notov & Andreeva  2013a, b) (Fig. 1).

– without auxiliary vegetative rosette shoots
Typical flower-bearing stems are monocyclic. 

- with proliferate flowers However, we found Alchemilla alpina flower-bearing 
- without proliferate flowersstems with changed rhythm of development. We noted at 

Alchemilla alpina also winter-annual monocyclic and In our classification has been elaborated the 
dicyclic flower-bearing stems (Notov & Andreeva 2013 presence or absence of homeotic structures, their types 
a,b). (full or partialy homeosis), fusion of flower-bearing 

stems’ elements. In 3a and 3b groups winter-annual CLASSIFICATION OF THE ANOMALIES
monocyclic and dicyclic development are possible in 

General approach—Our classification of anomalies of 
addition to monocyclic.

monopodial rosette-forming Rosaceae has several levels 
In the detalisation of the classification we have 

of detail. We took into account in the first level the most 
considered the possible ways of transformations of the 

general characteristics of the structures. We have 
typical structure. The perceptions of Urmantsev on the 

included in our classification the different flower-
general patterns of organization and transformation of 

bearing stems with atypical structure. Our classification 
diversity became the conceptual basis for the suggested 

is based on perceptions of the structure of the main   
approach (Urmantsev 1983, etc.). 

types of shoots in the monopodial rosette-forming 
Accordingly we define the following into six types 

architectural model (Serebryakova 1977-1987, 
(Notov & Glazunova 1994, Notov & Andreeva 2013

Petukhova 1980). We have also considered the well as 
a, b), which are characterized by changes in : 

the level and way of the transformation of their typical 
(I) Number of elements; 

structure (Table 1).
(II) Structure of elements; 

(III) Placement of elements; Table 1—Types of lateral shoot structures of 
(IV) Relationships between elements (fusion); monopodial rosette-forming Rosaceae
(V) Appearance of a new structure; 

1. Typical vegetative rosette shoots
(VI) Combination of different types.

2. Typical generative shoots (flower-bearing stems)
Atypical flower-bearing stems of Alchemilla  

st nd3. Lateral shoots with attributes of 1  and 2  shoot vulgaris—Within the main groups of atypical flower-
types: bearing stems of Alchemilla vulgaris complex the 
a. vegetative: following types are described:

– elongated with typical leaves for a type I I— types with an increased number of branches of the 
shoot inflorescence (3, 4), nodes and bracts below the 

terminal flower; – elongated with atypical structure of lamina

II— types with torn cup-like and spiral structures (it is b. generative:
formed by the fusion of bracts under terminal – with adventitious roots
flower) that have a well-developed lamina; – with auxiliary vegetative rosette shoots
branches-monochasium with small bracts; 

- with proliferate flowers 
III— only the types connected with some variantes of 

- without proliferate flowers
fusion; 

– without auxiliary vegetative rosette shoots
IV— flower fusion, concaulescens (congenital fusion 

- with proliferate flowers 
of basal part of a branches with main axes of 

- without proliferate flowers flower-bearing stems); 
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b. Form of the elements is altered (IIb):V— Vegetative rosette shots in the area of the flower-
– bidental (IIb ) (leaf of the epicalyx, sepal, bearing stem; 1

petal)VI— more ordinary types with an altered number of 
– bilobate and bipartite (IIb ) (leaf of the 2branches below the terminal flower and a spiral-

epicalyx, sepal, petal)
like structure (Notov & Andreeva 2013 a, b).

– trilobate and tripartite (IIb ) (leaf of the 3
Anomalous flower of Alchemilla vulgaris—When epicalyx, sepal, petal)
classifying the flowers of atypical structure the – with a whole round-shaped apex (IIb ) 4

authors used the same main groups (Notov & Andreeva (leaf of the epicalyx, sepal, petal)
2013 a, b). When you drilldown of the classification we – with a cordate bipartite apex (IIb ) (leaf of 5

noted change the number of elements and the number of the epicalyx, sepal, petal)
– folded along the longitudinal axis (IIb ) circles of the flower. 6

(leaf of the epicalyx, sepal, petal)In the designation of types and variants of 
– leaf-like (IIb ) (leaf of the epicalyx, sepal, 7anomalous flowers, we used additional symbols :

petal)I (N) — with an altered number of circles (Nc), 
III. Perianth with an altered number of elements which elements of one (two) circles (Ne); combined 

also have an altered structure (NS) (Ia IIb  1 1,4changes to the number of elements (Nec); 
Ia IIa b  Ib IIa b  Ib IIa b ; Ib IIb ; Ib IIb ; 1 1 2 1 2 4 1 2 1,3 3 1,6 3 2,4,5II (S) – bidental and tridental or bipartite and tripartite 
Ib IIa b  etc.)2 1 1leaves of the epicalyx and sepals, stamens with 

Anomalous flower of Potentilla erecta—We have a flat stamen filament;
developed a special classification of the types of flower III (T) – these have been noted only in connection with 
structures of Potentilla erecta (Notov & Andreeva other alterations; 
2013a, b) (Table 2). This species is characterized by a IV (Fe) fusion of elements of one circle or of different 
non-fixed number of elements of the gynaeceum and circles (stamens, carpels), as a rule combined 
androeciem. Therefore only the perianth is especially with other alterations; 
interesting when classifying the types with an altered V – Presence of a cup-like structure on the 
number of elements (Notov & Andreeva 2013a, b). hypanthium; 

We identified significant polymorphism Potentilla VI – Combination of two, three or four types.
erecta flowers. 31.5% of the flowers have an abnormal 

Table 2 – Types of flower structure in Potentilla erecta structure (Notov & Andreeva 2013a, b). High frequency 
I. Perianths with an altered number of elements (N) of anomalies is associated with a low level of 

a. With damage to the symmetry (Ia): specialization of the flower. It is caused by instability of 
– trimerous morphogenesis, which arose as a result of the 
– pentamerous transformation pentamerous flower in tetramerous 
– hexamerous.

flower.
b. With damage to the symmetry (Ib):

Classification of anomalies in taxa with high fre   – Altered number of leaves in the epicalyx 
quency of homeosis—The first unique feature is (Ib )1
connected with the architectural model characteristic of – Altered number of petals (Ib )2
Geum rivale. Atypical auxiliary shoots can form in – Altered number of elements of the flower-
monopodial rosette-forming plants as a result of cup and corolla (Ib ).3

“overlap” of these programs or change in the place one II. Perianth with altered structure of the elements (S)
of them “turns on”. They combine the features of a. The size of elements is altered (IIa):
vegetative stems and flower-bearing stems to a various increased (IIa ) (leaf of the epicalyx, sepal, 1

degree (Chernobrova & Petukhova 1991, Notov & petal)
decreased (IIa ) (leaf of the epicalyx, sepal, Glazunova 1994, Tikhomirov et al. 1995, Notov & 2

 petal) Andreeva 2013b, 2014a, Andreeva & Notov 2009). 
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Part of these shoots bears more resemblance to extent combine elements of petals and calyx lobes or 

flower-bearing stems. However, leaves of a medial petals and stamens are seen quite often in the flower 

formation can form on them, as well as sections with (Krechetovich 1950). 

elongated internodal regions and axillary vegetative The frequency of these anomalies increases in case 

rosette shoots. In some cases ephemerous auxiliary roots of damage to the apical buds of vegetative shoots. The 

form at the base of shoots. Other “intermediate” shoots same effect occurs in cases of phytopathogenic 

bear more resemblance to vegetative (skeletal) shoots abnormalities (Konovalov 1948, Gureeva & Kartashov 

(Fig.1). At the same time their internodal regions can be 1982).

elongated, leaves may be smaller in size and less The diversity of homeotic structures is well 

dissected as compared to typical rosette leaves. A higher illustrated by the material collected by the authors in 

frequency of these shoots in Geum rivale is a result of 1995 near the Feryazkino villag. Some elements 

rather intense branching of the rhizome. In Geum rivale, characteristic of skeletal shoots were noted on the 

as opposed to other monopoidial rosette-forming plants, studied anomalous flower-bearing stems. Among them 

the unfolding of new vegetative shoots becomes regular. are adventitious roots, rosette areas, axillary shoots, and 

Various “malfunctions” in the morphogenesis of shoots long petiolate leaves with a large lamina (Fig.1).

are also facilitated by a peculiar rhythm of seasonal Diversity of homeotic structures should be 

development. A discrepancy between yearly and systematized based on our understanding of the 

elementary shoots has been identified in Geum rivale replacement structure type and the degree of its 

(Petukhova 1980, 2000). The unfolding of flower- concordance with the normal structure of this type 

bearing stems from generative buds that have formed in (Notov & Andreeva 2013b, 2014a). The last feature is 

leaf axils of yearly augmentations occurs only in the connected with identifying of complete and partial 

spring of the following year. These features facilitate homeosis types. 

regular realization of morphogenetic processes 
TERATOLOGICAL FEATURES OF TAXA WITH 

connected with both the formation of vegetative and 
REGULAR APOMIXIS

generative shoots. It increases the possibility of  
Plants with regular apomixis are an interesting probable “overlap” of morphogenetic programs. The 

object of study for embryology and other areas of “transitional” shoots that develop at this point can be 
biology (Khokhlov 1967, Glazunova 1977 1984, seen as structures with incomplete homeosis (Notov & 
Bhojwani & Bhatnagar 1988, Rubtsova 1989, Batygina Andreeva, 2013b). As a rule they appear from buds 
2000, etc.). Apomictic reproduction lowers the pressure located at the boundary between the vegetative and 
of stabilizing selection (Glazunova 1977, Khokhlov et generative zones.
al. 1978, Rubtsova 1989), which leads to an increase in The second prerequisite for the formation of 
the frequency of anomalous flowers. anomalies is the development of a gynophore in Geum 

Species of the Alchemilla genus are very intriguing rivale. It forms at the fruiting stage and facilitates the 
in terms of morphological diversity of anomalous removal of fruits outside of the calyx. The functioning of 
flowers. Apomixis has been described in them from as the gynophores is connected with the prolongation of 

thearly as in the end of the 19  century (Murbeck 1897, morphogenetic activity in the flower-bearing stem axis. 
etc.). Embryological data has later been supplemented In connection with a low level of flower specialization 
with cytological materials (Wegener 1967). Species of this feature often provides for proliferations, which in 
the Alchemilla genus have lately become an object of turn is often connected with homeosis (Notov & 
comprehensive analysis (Glazunova & Mjatlev 1990, Andreeva  2013a, 2014a).
Tikhomirov et al. 1995, Tikhomirov 2001, Sepp et al. In Geum rivale homeotic structures may be 
2000, Filimonova 2006, Fröhner 2008, Chkalov & connected with different levels and elements of the shoot 
Vorotnikov 2011). system. In these shoots the transformations may 

Repeatedly branched flower-bearing stem allow influence the elements of a lower level (flowers, 
for the analysis of the anomalous flower topographyindividual parts of flowers). Structures that to a various 
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(Notov & Glazunona 1994, Tikhomirov et al. 1995). flowers with altered element quantities is equal to 

Different species of Alchemilla vulgaris have different 30.3%. Other types of anomalies are much rarer (from 

levels of branching and compactness of the flower- 0.8 to 2.3%). The ratio of fusion (fasciated) flowers is 

bearing stems. For example, Alchemilla micans Buser 0.8%. In all groups of anomalous flowers types with 

(Alchemilla gracilis Opiz), unlike Alchemilla disrupted flower symmetry are prevalent (see Notov & 

monticola (Notov & Andreeva 2014b, 2015a,b) is Andreeva, 2013b, 2015a). 

characterized by more loose and multiflorous Comparative analysis—Comparing characteristics of 

monochasiums. We investigated how this factor Alchemilla micans with data obtained about Alchemilla 

influences the frequency of anomalous flowers and the monticola (see Notov & Andreeva 2013b, 2015a) was 

location of anomalous flowers on flower-bearing of special interest. The Alchemilla monticola and 

stems. Alchemilla micans samples that are under investigation 

are comparable in size. However, the absolute number FREQUENCY OF ANOMALOUS FLOWERS
of anomalous flowers and their ratio are significantly Alchemilla monticola :
different from each other. The investigated variantes The collected in 1998 and 1999 were compared by 
are also significantly different in other parameters.their means (frequency of anomalous flowers) (Notov & 

The variability of the Alchemilla micans flower is Andreeva 2013b, 2014b, 2015b). It was found that the 
significantly lower than of the Alchemilla monticola frequency of anomalous flowers in different years is 
flower. According to the data of M. Nilova (1994) inside the same range. As the result, a high variability of 
Alchemilla micans is also characterized by lower Alchemilla monticola flowers, that were not dependent 
frequencies of anomalous types in comparison with on weather conditions, was found. Anomalous flowers 
Alchemilla baltica G. Sam. ex Juz. Our data show that are the result of localized dysfunctions of 
Alchemilla micans has a higher average number of morphogenesis and its significant instability. This 
flowers on the peduncle that Alchemilla monticola instability is connected with regular apomixis that 
(341.8 and 227.0 accordingly). Current materials show weakened selection based on flower characteristics 
that higher frequencies of anomalies are characteristic (Notov & Andreeva 2013 b).
of species with more compact monochasiums (Nilova Alchemilla micans: Anomalous flowers of Alchemilla 
1994, Notov & Glazunova 1994, Notov & Andreeva micans occur less frequently than in Alchemilla 
2013b). The compactness of monochasiums increases monticola. We have identified in our materials only 132 
in the sequence Alchemilla monticola – Alchemilla anomalous flowers of Alchemilla micans. However, we 
baltica – Alchemilla micans. Alchemilla micans forms identified 60 different variantes (see Notov & Andreeva, 
the most loose multiflourous thyrsae with loose 2013b, 2015a). The frequency of anomalous flowers in 
monochasiums. It can be assumed that the dynamics of Alchemilla micans in various years is comparable and is 
changes in the rate of morphogenetic activity in this case significantly different from average quantities of 
promotes the decrease in amount of deveations from the anomalous flowers in other investigated species (Nilova, 
typical course of morphogenesis.1994, Notov & Andreeva 2013b, 2015a).

Anomalous flowers with altered element structure The prevalence of anomalous flowers in various 
(S) are most common (on average 69.7%) (see Notov years on one species is comparable. The relative 
& Andreeva, 2013b, 2015a). Flowers with altered participation of various groups of anomalies in 
quantity and structure of elements are frequently formed investigated species is also comparable. Anomalous 
(NeS) (18.9%). The association of the group with flowers with altered quantity and element structure are 
altered number of elements (Ne) with the group with the most prevalent for all species. Other types are rare. 
linked changes of element quantity and structure (NecS) The majority of anomalous flowers are characterized by 
in general accounts for 7.6% of anomalous flowers disrupted symmetry. The ratio of atypical flowers with 
(Notov & Andreeva, 2013b, 2015a). The general ratio of intact symmetry varies from 3.1 to 16.9%. 
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Thus, the frequency of anomalous flowers of Variability of flower elements—The available 

various species in the Alchemilla vulgaris complex is material also allowed us to evaluate the level of 

instability of various parts of the A.  Alchemilla different and fluctuates between 0.9 to 26.3%. Lower 

monticola flower (See Notov & Andreeva 2013a,2014 variability of the Alchemilla micans flowers is 

b). A significant number of instability of the epicalyx connected with the loose and multiflorous 
structure and its elements corresponds to the data about monochasiums. 
the correlation structure characteristics of Alchemilla Structural diversity of anomalous flowers—Because 

monticola (Glazunova & Mjatlev 1990). The of the increased frequency of anomalies in Alchemilla 
predominance of asymmetrical flowers testify to the monticola we analyzed in more detail the structural 
relatively low level of correlations inside the flower’s diversity of anomalous flowers in this species. Six main 
structures.groups were identified in the process of classifying 
Location of anomalous flowers on flower-bearing flowers with an atypical structure (Notov & Glazunona 
stems—The high frequency of anomalies in Alchemilla 1994, Notov & Andreeva 2013a, b).
monticola allowed obtaining a large sampling size of Overall we have discovered 2688 anomalous 
anomalous flowers with different orders of branching flowers. Morphological analysis allowed us to 
(Notov & Andreeva 2013b, 2015b). distinguish 184 variants of anomalies (Notov & 

The frequency of anomalies in different orders of Andreeva 2013b, 2014 a). 15 groups of anomalies have 
branching varies from 5.0 to 16.8 % (group Ne), 3.4 to been identified in Alchemilla monticola including the 
12.2% (group S) and from 2.5 to 7.1% (for the group combined variants of anomalies . Their frequency ranges 
NeS). The maximum frequency for these groups of from 0.1 to 48.7%. The most abundant are anomalous 
anomalies was registered on 8th and 9th orders of flowers with altered number of elements (Ne) (on 
branching. The complex combined variations of average 46.1%). If anomalies with atypical numbers of 
anomalies are often confined to the lower orders of circles are taken into account than anomalies from the N 
branching. Anomalous flowers combining all of the group incorporate 46.4% of all anomalous flowers. 
selected types of changes were observed only on the Flowers with altered element structure (S) are common 
third and fourth orders. (31.0%). Quite often the change in number is connected 

Many observations on different species of with transformations in the element structure. The NeS 
Alchemilla confirm that the most unusual variations of group includes 19.3% of anomalous flowers. Other 
anomalous flowers are usually found on the first or 

variants of anomalies are much rarer. Their frequency 
second orders of branching (Notov & Glazunona 1994, 

varies between 0.04 to 1.5%. Combined anomalies, in 
Tikhomirov & al. 1995, Notov & Andreeva 2013b, 

which alterations in number and element structure are 
2015b). All this confirms a special morphogenetic status 

coupled with other transformations, incorporate 3.3% of 
of basal areas of the dichasium-branches. At this level it 

all anomalies. The frequency of fasciited flowers is 0.4%.
is more likely a violation of typical hormonal gradients, 

Thus, the most unstable parameter is the number of 
which play a significant role in the differentiation of 

flower’s elements, especially the number of epicalyx 
different types of shoots from monopodial-rosette plants 

leaves. The structure of a flower’s elements is quite (Notov & Andreeva 2013b, 2015b). The frequency of 
variable. It is important to note the significant stability of two and three-membered    flowers increases with the 
element placement (T group) and relationship between increase in orders of branching. The maximum 
elements (Fe group). Changes in these characteristics frequency of two- and three-membered flowers is found 
have been revealed only in combination with other at the eleventh and twelfth orders (Fig. 2).
deviations. For each of the investigated groups similar 5-membered flowers are often formed on the first-
frequencies from other years have been noted. The order branch. At higher orders their frequency decreases 
similarity of these characteristics was also observed (Fig. 2). Our observations indicate the confinement of 
under very different wheather conditions. six- and seven-membered flowers only to the first and 
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second orders of branching. Three-membered flowers shoots. Algorithms of morphogenesis of these basic 

were noted only in the monochasium. The complex types of shoots can be combined. Thanks to the 

combined variations of anomalous flowers found only in “imposition” of these algorithms increases the 

dichasium. This can be explained by the localization of frequency of homeotic structures. This feature must be 

these variations only on the first and second orders of considered when developing the classification of 

branching. In the first and second orders of branching anomalous structures.

there is only dichasium. Our classification of anomalies of monopodial 

rosette-forming Rosaceae has several levels of detail. CONCLUSION
We took into account in the first level the most general 

The Rosaceae family is a convenient model group characteristics. The first level of classification should 
for researching the anomalies of the generative take into account the specifics of the shoots system. The 
structures. It is characterized by significant main types of anomalous shoots differ in the level and 
biomorphological and structural diversity. The trends of alteration to the structure of typical shoots. 
significant diversity of anomalous structures in Adventitious roots, rosette shoots and proliferate 
Rosaceae is related with a comparatively low level flowers can be formed on the flower-bearing stems of 
specialization of flowers and frequent apomixis and monopodial rosette-forming plants. The detailing of 
hybridization. In some taxa of Rosaceae pentamerous classification on the first level should account for the 
flowers were transformed into tetramerous flowers. characteristics of these homeotic structure and fusions of 

Homeotic variantes of the anomalies in monopodial elements. The result of structural and rhythmic 
rosette-forming herbaceous Rosaceae connected with transformations can be the formation of winter-annual 
the features of their model of shoot formation monocyclic generative shoots.
(architectural model). Shoots of monopodial rosette- Further details of the classification is involves a 
forming plants clearly differentiated into two main description of the main types of anomalous flowers. 
types: vegetative and generative (flower-bearing stem) When classifying the types of anomalous flower it is 

Fig. 2 – The frequency of 3- and 5-membered flowers on different orders of branching of Alchemilla monticola 
flower-bearing stem
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reasonable to define groups of anomalies that reflect the activity in this case contributes to the decrease of 
main trends of transformation of typical structure. deviations in typical morphogenesis.
Among them are types connected with changes in The frequency of different anomalies of Alchemilla-
number, structure, element placement, relationships species reflects the features of correlational connections 
between elements (fusion) and appearance of new in the flower. The structure of epicalyx is the most 
elements (homeosis). Different combinations of these unstable. The number of the leaves of epicalyx is altered 
changes can be classified with account for the most often. The calyx and androecium is characterized 
implementation of transformation trends. Depending on by an average level of variability. The structure of the 
the level of stability of the number elements it is possible gynoecium is stable.
to elaborate the special classification based on different We found that in the multiflorous thyrsae of 
characteristics. Alchemilla the flowers with changed number of elements 

The last level of detail allows it to take into account is localized on certain orders of branching. Anomalous 
the specific features of anomalous structures that are flowers with an increased number of elements (5-

typical for certain taxa. They are associated with the membered) are usually formed on the lower orders of 

branching. 2- and 3-membered flowers are formed more level of stability in the number of elements in different 
frequently at higher orders of branching. This distribution parts of flower, the structure of the hypanthium and the 
may be associated with a gradual decrease in the features of the arrangement of main elements. Thus the 
morphogenetic activity and sizes of floral apex at higher suggested approach describes a diversity of anomalies at 
orders of branching. The complex combined variants of different levels.
anomalous flowers found only in the first and second High frequency of anomalous structures in 
orders of branching. At this level it is more likely to be a monopodial rosette-forming Rosaceae is associated with 
violation of typical hormonal gradients, which plays a a relatively low level of specialization of the flower and 
significant role in the differentiation of different types of the “imposition” of developmental algorithms of 
shoots from monopodial-rosette plants.vegetative and generative shoots. Frequency of 

Further teratological analysis of other taxa of anomalous structures in Potentilla erecta (31.5% 
monopodial rosette-forming Rosaceae is relevant. It is atypical flowers) increases as a result of the 
advisable comparative study of different species of transformation pentamerous flower in tetramerous 
Potentilla, Alchemilla and Geum. Such studies will help flower. The presence of gynophore in Geum rivale 
to reveal the relationship between the morphology and facilitates formation of the proliferations and associated 
rhythm of development of each species and his with it anomalies. We have considered for example of 
teratological features. A special study of tropical species Geum rivale teratology-specific in the taxa with great 
of Alchemilla and Lachemilla is also important. frequency of homeotic structures. For example, species 
Comparison of their results and materials of european of the Alchemilla vulgaris complex studied a variety of 
Alchemilla-species of is great importance for assessing 

anomalies in the taxa with regular apomixis. 
the role of apomixis in teratological processes.
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