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ABSTRACT

We concentrate on the idea of the neontologic chronicles of evolution,
anizotomy of philogenetic process, cryptaffine taxa and cryptaffine tran-
sition in angiosperm’s phylogeny, complex structure of phylogenetic
branches. We noted that macroevolutionary process’s mechanism in an-
giosperms is not limited to random mutations and selection. The intrac-
ellular processes and mechanisms must be at the basis of the major mac-
roevolutionary transformations. Phylogenetic process in genera is natu-
rally determined and nomogenetic. © 2016 Trade Sciencelnc. - INDIA

NEONTOLOGICAL CHRONICLESOF
EVOLUTION

In our previous papers we formulated the evo-
lutionary concept of cryptaffinic transition in
Angiosperm’s phylogeny. Principally it concerns
macroevolutionary problems starting at taxonomic
level of families and higher. The formulation was
finalized™- 12, During the construction of the con-
cept we applied many of the new or rarely used terms
and definitons. These can prove themselves useful
while conduction evolutionary research and are es-
sential for the understanding of shown view on the
evolutionary process in plants. Below we will de-
scribethe processes and explain thetermsused. More
dietailed description of the fundamental s of thiscon-
ceptscould befound inthearticles mentioned above.

Graphically evolutionary process could be de-
scribed as a variable slope curve with evolutionary
stage on the horizontal axisand time on the vertical
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axis. Theclosesmatch to thisschemeisfoundinthe
punctuated equilibrium concept based on pal eonto-
logical material® 4.1, However, molecular analy-
sis of recent materia allows us to consider deeper
theideaof the punctuated equilibrium.

We consider sufficiently developed macro sys-
tem of modern plant organisms as a neontological
chronicle of the evolution. A.Elenkin®® referred to
the system of modern organismsasliving chronicle
of the evolution. At the same time we assume that
severa ancestral groupsin alittle degree modified
forms exist simultaneously with their descendants,
but direct descendants may differ significantly from
their ancestral groups.

Consideration of the system asachronicleor as
an equivalent fossi| stratigraphic sequenceis tradi-
tional in biology. All comparative morphology,
anatomy, embryology and biochemistry intheir evo-
lutionary interpretation based on theideathat the
system is the chronicle of evolution. Charles Dar-
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win noted: «The Natural System is a genealogical
arrangement, with the acquired grades of difference
maked by the terms, varites, species, genera, fami-
lies, & c; and we haveto discover thelinesof discent
by themost permanent characterswhatever they may
be and of however dlight vital importance» [7: 399].
E. Haeckel formulated the rule of “triple parallel-
ism”® based on detailed analysis of chronicles.
Codes of primitive and advanced characteristicsin
modern taxonomy also include historical compo-
nent® 12, R, Thorne: “Ancestral characteristics and
the direction of trends of specialization can often be
recognized in existing angiosperms”i*¥ 371, A,
Takhtgjan noted: “As the whole history of biology
after Darwin shows zool ogistsand botanistsarewell
able to make definite conclusions about the phylo-
genetic relationshipsof... systematic groups already
only on the basis of a comparative study of living
organisms’14 12,

Consideration of the system of modern organ-
isms as neontological chronicles of the evolution-
ary process is in a certain contradiction with well
established notions of synthetic theory of evolution
(STE). In genera, according to STE, there are two
sister branches with approximately equal evolution-
ary potential at the bifurcation point. They can de-
velopindifferent directions, but in equal taxonomic
categories. Phylogenetic process is conceived as
isotomic divergence corresponding to dichotomous
branching diagramsillustrating the phylogeny in the
academic literature. The equality of sister branches
is especially emphasized in cladistics, although the
rule of nonequivalent branching (Deviationsregel)
was noted™, It is very important that according to
STE modern taxa should not be considered as an-
cestorsand descendants originating from oneanother.
Otherwise, paleontological observations and prac-
tice of macro taxonomy demonstratethat modern taxa
differ by thelevel of evolutionary advance and some
of them arein the relationship of phylogenetic kin-
ship, i.e. relations of ancestors and descendants.

Our comparative morphological and serologi-
cal studies of the orders Liliales and Asparagales
show severa proteins to be acceptable markers of
the chronicle of evolutionary events. Indeed, ances-
tral clades consist from taxa having a set of more
primitive characteristics and the top of the system

proved to betaxarich by apomorphied?®. Of course,
neontological chronicle fixes characteristics not so
strictly as paleontological chronicle, but it has its
own advantages, becauseit is based on characteris-
tics not remaining in afossil state. The reconstruc-
tion of neontological chronicle requires specia ap-
proaches partially outlined below.

ANISOTOMIC BRANCHING OF PHYLEM

Thekey notion of neontological chronicleisthe
assumption that organisms belonging to the ances-
tral and derived phylogenetic branchesdiffer by evo-
lutionary potentialities. It was demonstrated that
while in evolutionary static ancestral groups spe-
ciesand generaform, in asister evolutionary active
groups arise new familied*” and even taxaof higher
rank. For example, the formation of several genera
and species inside Tofeldiaceae correspond to the
formation of subclass Alismatidae inside the sister
evolutionary active branch™, Thus, probably, se-
ries of slow (stasis) and fast (quantum) evolution
eventsform along phylogenetic branch. Well known
paleontologist O. Abel™ denoted evolutionary
unequivalent sister branches as Ahnereihe and
Stufenreihe, i.e. ancestral branch and a number of
step-branches from it. The taxa of ancestral branch
survived to the present day preserve characteristics
more or less close to bifurcation point, the taxa of
another branch accumul ates apomorphies.

In recent decades, influenced by the latest ver-
sions of STE, theideathat modern taxanot charac-
terize particular ancestral groups and have only
“common ancestor” is actively promoted in tax-
onomy. Otherwise, the problem of the distance be-
tween existing taxaand this hypothetical ancestor is
often beyond the scope of the general theory of evo-
lution.

We believe that there should be no difficulties
in deducing modern genera and families from each
other. Several modern taxa of high rank may be de-
rived from taxa very close to modern taxa of lower
taxonomic rank. For example, thefamily Trilliaceae
is possible to deduce from Zigadenus, one of the
genera of the family Melanthiaceae, family
Agavaceae from genus Hosta, representative of
monotype family Funkiaceae, etc!¥:[29,
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Figurel: Themodéd of an element of long structured phylogenetic branch include: modern taxa of PLATO ancestors
(a, b, c, d, e); modern taxa of PLATO descendants (f, j, h, i, j); cryptaffine taxa (C); precryptaffine taxa (pC);
suppositional extinct ephemeron taxa not represented in neonthological chronicle (x); points of considerable unequal
bifurcations; the time of existence of PLATO ancestors (T1), PLATO descendants (T 3) and the time of evolutionary
transformations (T2). dightly larger slope of the phylogenetic line of cryptaffine taxa (C) correspond to the Pavlov-

Berg’s phenomenon

The establishing of phylogenetic relationships
of morphologically differing taxaisrelated with the
notion of unequal bifurcation dividing evolutionary
stasis and the evolutionarily much more active
branches. Evolutionary stasisbranch preserveto our
time characters close to the time of bifurcation. In
contrast, evolutionary active branch accumulate a
significant set of apomorphies. Thisbifurcation (Fig-
ure 1) dividesprecryptaffine (kriptaffin-passive) and
true cryptaffine (kriptaffin-active) taxa

CRYPTAFFINE TAXA

For the first time we are faced with a hidden
related taxa during comparative serological study
of seed proteinsof Liliaceaes. |. [20 and earlier]. It
was found that for the mgjority of taxathe serology
data support well grouping based of the morpho-
logical (s. lato) data. However several generawere
closer to the morphologically dissimilar represen-
tatives of other families. For example, the genera
Clintonia and Medeola (Melanthiaceae) serologi-
cally converging with Liliaceae. Convallaria
majalis (Convallariacea) turned out to be the clos-

est relative of the family Ruscaceae. Hemerocallis
and Smethis (Asphodelaceae) serologicaly were
close to Phormiaceae, genus Hosta (Funkiaceae)
turned out to be the closest relative of the family
Agavaceae and so on. Such unusual convergence
received further confirmation based on DNA se-
guencing?’. We designated these taxa as
“cryptaffine” (hidden-related), i.e. morphologically
similar to one group and according to molecular data
similar to another one. Detailed studies have shown
that in some cases, but not always, cryptaffine taxa
have very specific morphological characteristics
indicating the samerel ations as serol ogical and other
molecular data. For example, the genera Hemero-
callis and Phormium have the same branched nec-
taries, the genus S methisand Phormiaceaeresemble
in the structure of pollen grains and the type of mi-
crosporogenesis, the genus Hosta has a specific 60-
chromosomal karyotype, as well as representatives
of the family Agavaceae. Clintonia and Medeola
are similar to Liliaceae according to its embryo-
logical characteristicd??.

It isimportant that according to the complex of
morphological characters taxa, which approached
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to cryptaffine taxaby molecul ar data, are more evo-
lutionarily advanced as compared with themselves
and their “morphological” relatives. Therefore,
probably, the morphol ogical relatives of cryptaffine
taxa are ancestors. Cryptaffine taxa themselves are
intermediate groups. Molecular relatives of
cryptaffine taxa are descendantg?: (231,

PHYLOGENETIC TAXAPLATOAND VIA

Thereby, it was possible to distinguish two
groups of taxa: PLATO (lat. flat, wide), taxa uni-
form in their morphological and molecular charac-
teristicsand VIA (lat. path), taxa gravitating to an-
cestor groups by morphological characters and to
descendant groups by molecular datal??. Theseterms
emphasize the role and place of these taxa in the
evolutionary process. Taxa PLATO are large fami-
lies of modern genera and species retaining mor-
phological and molecular homogeneity. Taxa VIA
are mono- or oligotype genera or families connect-
ing PLATO of ancestorsand PLATO of descendants
(Figure 1).

Inamost all studied cases of cryptaffinetransi-
tions the number of speciesin cryptaffine groupsis
rather small in comparison with the groups of an-
cestors and descendants: Melanthiaceae (90) —
Zigadenus (1) — Trilliaceae (70); Uvulariaceae (30)
— Medeolaceae (2-6) — Liliaceae (500-600);
Asphodelaceae (800-900) — Simethidaceae (1),
Hemerocallidaceae (15-20) - Phormiaceae (30-35);
Anthericaceae (600-700) — Funkiaceae(15),
Camassiaceae(20-23) — Agavaceae (300-400);
Asparagaceae (300-400) - Convallariaceae s.str (10)
- Ruscaceae-Dracaenaceae (250-300); Restionaceae
(400) — Flagellariaceae (3), Joinvilleaceae (2),
Ecdeiocoleaceae (3) — Poaceae (8000-10000)1Y. In
parentheses is the number of species in the broad
sense of cryptaffine groups.

In some cases cryptaffine transitions between
genera may be revealed: Mahonia (110) — sec.
Horridae from genus Mahonia (9) — Berberis (500).
At the sametime, the transition between the genera
Vancouveria and Epimedium, belonging to the same
family, has not cryptaffinic characteristics.

PRECRYPTAFFINE TAXA

Phylogenetically cryptaffinetaxaand their clos-
est relatives (precryptaffinetaxa) form asingle group
(Figurel), but differ sharply in their evolutionary
role. The genome of cryptaffine taxa has a number
of features such asasignificant increasein the num-
ber of chromosomes, high G+C, CpG and CpNpG
content in rDNA, afrequent presence in their mor-
phology of several characteristicstypical to PLATO
descendants (Pavlov-Berg phylogenetic anticipa
tion), that can be considered as aindication of sub-
sequent morphological transformations.
Precryptaffinetaxamorphologically closeto PLATO
ancestors and phylogenetically to cryptaffine taxa
do not posses such characteristics. Precryptaffine
taxabelong wholly to PLATO ancestors. Cryptaffine
taxa carry in their genome traces of the processes
resulting in genome reintegration and morphol ogi-
cal changes after bifurcation.

RECIPROCATING MUTATIONAL PROCESS

Animportant tool for the study of the evolution-
ary process could be the study of nucleotide compo-
sition of severa DNA regions that vary correlated
with the process of morphological evolution such
as nuclear ribosomal DNA of angiosperms, includ-
ing spacers ITS1, ITS2 and coding region 5.8S
rDNA. Particularly the analysis of total C+G con-
tent of guanine (dG) and cytosine (dC) and corre-
lated indices CpG and CpNpG proved to be infor-
mative.

Dinucleotides CpG and trinucleotides CoNpG
in plants play animportant rolein the functioning of
the genome and its mutation activity. Theinterest in
the frequency of occurrence dC, CpG and CpNpG
sequencesin DNA of different organismsisconsid-
erably related with exposure to cytosine methyla
tion at these sites because methylation of cytosinein
CpG is akey regulatory mechanism in ontogenetic
development, apoptosis, cell differentiation, regu-
lation of transcriptionand proliferation, genome pro-
tection against theintroduction of mobile elementg®!-

(301

Thus methylated 5mC can bereadily deaminated,
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TABLE 1: The percentage of nucleotides, the number s of CpG and CpNpG sequences, total dG+dC and CpG+CpNpG
content per 100 b.p. in ITS1 5.85 rDNAM with additions*
N Taxa Nspecies dA daT dG dC dG+dC CpG CpNpG CpG+CpNpG
Order Melanthiales
Family Melant hiaceae

1 Anticlea 3 26 25 26 23 49 6 3 9
2 Toxicoscordion 8 25 23 28 24 53 7 5 12
3 V eratrum 5 26 28 25 21 46 5 2 7
4 Mdanthium 4 25 29 26 21 47 6 3 9
5 Stenanthium 4 26 25 26 23 49 6 3 9
6 Amianthium 1 28 31 22 20 42 5 1 6
7 Schenocaulon 2 26 25 24 25 49 7 5 12
Average 26.0 265 253 224 47.8 6.0 3.1 91
c 1 2.8 19 1.8 36 08 15 23
8 Zigadenus 1 21 16 34 29 63 13 9 22
Family Trilliaceae
9 Kinugasa 1 27 23 29 21 51 7 4 10
10 Daswa 4 27 22 31 20 51.0 7 3 10
11 Paris 3 25 23 32 21 52 6 3 8
12 Trillium 18 23 20 33 24 58 9 5 15
Average 255 220 313 215 53.6 73 3.8 10.8
c 19 14 17 1.7 29 13 1.0 30
Order Liliales
Family Liliaceae
13 Cardiocrinum 1 23 19 28 30 58 8 10 18
14 Lilium 53 20 20 29 28 58 11 8 19
15 Nomocharis 1 19 20 32 29 61 12 8 21
16 Gagea 7 18 19 33 30 63 9 9 18
Average 20.0 195 305 293 60.0 10.0 8.8 19.0
c 22 0.6 24 1.0 24 18 1.0 14
Order Asparagales (xerocarpous)
Family Amaryllidaceae
17 Crinum* 4 19 23 35 24 59 6 6 12
18 Lycoris* 1 17 16 34 33 67 13 11 24
19 Pancratium* 1 15 15 36 33 69 15 9 24
20 Ungernia* 1 19 16 33 32 65 13 7 21
21 Narciswus* 2 15 15 36 K% 70 16 9 25
Family Asphoddaceae
22 Bulbine 1 19 14 31 36 67 15 8 23
23 Kniphofia* 5 21 15 30 34 64 12 8 20
24 Aloe 6 22 17 29 32 61 12 7 19
Family Camassiaceae
25 Camassia 1 17 16 34 32 66 13 10 23

Family Funkiaceae
26 Hosta 1 12 11 41 36 77 17 13 30
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N Taxa N species dA dT dG dC dG+dC CpG CpNpG CpG+CpNpG
Family Agavaaceae
27 Agave 7 17 17 36 30 66 11 10 21
28 Manfreda 2 16 19 36 30 65 10 10 20
29 Hesperaloe 2 18 19 34 29 63 10 9 19
30 Yucca 2 17 18 34 31 65 10 8 18
Average (excl. Hosta) 178 169 337 315 65.2 120 8.6 20.7
c 21 24 30 3.0 31 2.7 14 34
Order A spar agales (juicycar pous)
Family A paragaceae.
31 A sparagus 3 19 18 31 32 63 13 9 22
Family Convallariaceae
32 A spidistra* 1 16 10 34 40 74 17 12 29
Family Dracaenaceae
33 Dracaena 1 18 12 34 36 70 13 12 25
34 Calibanus 1 18 16 34 32 66 14 9 23
35 Nolina 3 15 13 36 36 72 16 10 26
36 Sansevigia 2 15 11 36 38 74 15 11 26
Family Polygonataceae
37 Polygonatum 2 16 10 35 39 74 17 12 29
38 Ma anthemum* 2 19 11 34 37 71 14 12 26
Average 170 126 34.2 36.2 705 149 10.9 25.8
c 17 29 16 29 4.1 1.6 14 25

Big karyological sequence. Reciprocating evolution of karyotype

converting it in thymine (dT). If we carry on the
analysis of noncoding strand, complementary to the
coding sequence will be replaced by dG/dA. Ap-
propriate mutations in the coding strand reflect in
noncoding one in the same way. As aresult of sub-
sequent cycles of replication TpG and CpA may be
formed instead of CpG. Thisisthe nature of the evo-
[utionary changes of DNA is described by several
researchers on a variety of objects from plants to
humang3u-49,

In plants, due to chromometilase (additional
methyltransferase) that methylates dC also in
CpNpGI one can expect more intensive elimina-
tion of dC and decreasing of CpG and CpNpG con-
tent.

Thefollowing arethe main conclusions concern-
ing the analysis of nucleotide and dinucleotide com-
position of rDNA in several groups of plantg??: 23
(41, TABLE 1 shows the distribution of the number
of nucleotides, CpG and CpNpG elementsin ITS1
rDNA. Thereisamore or less uniform decrease of
adenine (from 26 to 17%) and more significant de-

crease of thymine (26 to 13%) from the representa-
tivesof the primitivefamily Melanthiaceaeto highly
evolutionarily advanced representatives of the fami-
lies of the order Asparagaes. The content of gua
nineand cytosineincreasesfrom 25 to 34% and from
22 to 36% respectively. Evenly from 47to 70.5%is
an increasein thetotal content of cytosine and gua-
nine. In two and a half (from 6 to 15 per 100 b.p.)
increases the content of CpG and almost four times
(3to11) CpNpG.

Similar changes we observe in ITS2. The con-
tent of adenine slightly decreasesfrom 17 to 13.9%.
The content of thymine decreases more significant
from 29to 11%. The content of guanine and cytosine
Increases approximately to the same extent from 29
to 38% and from 24 to 36% respectively. Also ap-
proximately 2.5 - 3.0 times the content of CpG and
CpNpG increases.

Perhapsthe stabilizing effect of selectionfor the
coding region 5.8S rDNA is much higher and the
amount of change is correspondingly less. The
changein the content of adenineisdoubtful and in-
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crease of guanineis on the verge of reliability only
in dry-fruited Asparagales. However, reducing the
content of thymine and cytosine, andincrease of C+G
arevalid according to the second significancelevel,
which may indicate a same trend of mutational
changes in coding and non-coding regions of
rDNA[ZZ], [23], [41]'

At the same time, it has attracted attention that
the content of CpG and CpNpG e ementsin the cod-
ing region is slightly higher in the order Liliales as
compared with Melanthyaceae and further has not
increased, remaining at 10 and 5 respectively, while
as in the spacers it has increased to 15 and 10 per
100 b.p. This might indicate the existence of limits
of CpG and CpNpG saturation in coding regions.

Aswe pointed out above, theinterest to dC con-
tent in different organisms from evolutionary point
of view is due to the fact of exposure of these se-
guences to methylation and subsequent conversion
of cytosineto thymine decreasing the content of cy-
tosine and cytosine-containing CpG and CpNpG.

Analysis of nucleotide substitutions in taxa
PLATO of Angiosperms revealed the “burnout” of
guanine and cytosine. The number of substitutions
C/T inany adjacent positions can be 3-5 times higher
than the number of any other substitutions. In CpG
such excessis up to ten times higher?4,

However, our data do not show a decrease or
even preserve the original amount of cytosine, CpG
and CpNpG sequences, and vice versa significant
increasein evolutionarily advanced groups of mono-
cots. These data indicate that exactly inside
cryptaffine taxa the saturation of rDNA by dG and
dC can occur. The generaZigadenus and Hosta con-
firm this assumption demonstrating considerable
higher C+G content*Y.

Preliminary analysis of zoological data in the
primate clade indicates the similar trend of C+G
content in rDNA. Noteworthy is avery high vaue
of thisindex in higher primates and humans. This
may indicate that these groups of organismsare close
to the point of evolutionary saltation#,

Thereby the general trend of the changesin the
nucleotide composition of rDNA inalong structured
phylogenetic branch can be described as follows.
There are two processes creating mutational pres-
sureof different directions. Thefirst oneisthe satu-

—=> Reguler Peper

ration by cytosine and guanine resulting in an in-
crease of easily converted CpG and CpNpG se-
quences. Thisprocessisprevalentin VIA and prob-
ably related with features of replication/reparation
apparatus, especially replicases “working with er-
rorsy*314 or by GC-biased gene conversion“el 1471,
Inevolutionary stasistaxaPLATO dominates another
process of “burnout” of cytosine, especially in me-
thylated CpG sequences resulting accumulation of
TpG and CpA elements. The content of G+C, CpG
and CpNpG decreases in evolutionary stasis taxa
PLATO and increasesin taxaVIA. Thus, in along
branch the mutation processis bidirectional, or re-
ciprocating.

It iswell known that both basic (x) and diploid
(2n) numbersof chromosomes changein evol utionl“e-
(59, However, this conclusion was based mainly on
astudy of short evolutionary periods corresponding
to generaor families. Theanaysisof thelonger phy-
logenetic branches reveals new patterns of evolu-
tion of karyotypes (TABLE 2, Figure 2).

The generalized sequence of events in a long
structured branch can be represented as follows™.
Primary sector of PLATO in the considered group
of angiosperms monocot M el anthiaceae (TABLE. 2)
is characterized by taxa often with low basic chro-
mosome number x=7, rarely 8, 10 or 11 and polyp-
loid series multiples of the low basic number.

Next sector isacryptaffinetransition group VIA.
Karyotype of previous sector is usually preserved
in precryptaffinetaxa, but insidetrue cryptaffinetaxa
the chromosome number is skyrocketing. For ex-
ample, in Meanthiaceae - Trilliaceae precryptaffine
genus Shoenocaulon (2n=16) — cryptaffine genus
Zigadenus (2nH”52). In PLATO descendants
Trilliaceae the basic number decrease up to 5
(2n=10) and arise correspondent polyploids with
2n=20, 30 and 40.

Ascan beseen fromthe TABLE, the basic num-
ber of chromosomesin PLATO descendants not al-
ways immediately drops to a low x=5-8. In most
casesit stabilizesfirst around 10-12 and only gradu-
ally lower to 7-2.

In this respect the distribution of basic chromo-
some numbers inside the family Poaceae is indica-
tive (Figure 2). The direct ancestors of the family
Poaceae have been identified recently. They were
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representatives of the family Ecdel ocol eaceag™.

The closest low chromosome number ancestor
of thiscladeisprobably the cluster Haemodoraceae
- Philydraceae - Pontederiaceae - Lowiaceae —
Dasypogonaceae® with x = 7, 8; 2n = 14, 16 and
polyploids on this basis.

The Grass Phylogeny Working Group (GPWG)
isconducting awide study of the phylogeny of cere-
alsusing molecular techniques. They were allocated
12 subfamilies®¥ and subfamily Micrairoideaadded
later™. We have adhered to the phylogenetic sys-
tem of cereal based on a study of three regions of
the chloroplast genome: rbcl, matK and trnL-F%,
whichislargely acontinuation of GPWG (TABLE.
2, Figure 2).

Evolutionary dynamicsof chromosome numbers
in this long phylogenetic branch is following (Fig-
ure 2). Asmentioned abovethebasic groupisalow-
chromosome (x=7, 8) group of families
Haemodoraceae - Philydraceae - Pontederiaceae -
Lowiaceae— Dasypogonaceae. It remains unknown
whether there high-chromosome transition group
between these familiesand the subsequent phyloge-
netic branch Rapateaceae— Restionaceae with x=10-
12. Near the family Poaceae we can observe three
oligotype families with the increased basic chro-
mosome number: Flagellariaceae (2n=38, x=19),
Joinvilleaceae (2n=36, x=18) and Ecdeiocol eacea
(2nH”48, 2nH”64-66). It is most likely that the ba-
sic chromosome number in Joinvilleaceaeisx=n=18
because there are no any triploids neither in previ-
ous group nor in Poaceae (tetraploids in Poacea are
based on n=9). Ecdeiocol eacea can be regarded as
pal eopoliploids based on x=12 or 11, but assuming
thereality of x=18, 19 in the previoustaxa, ahigher
base number of chromosomes can be expected also
inthisfamily. In any case ahigh value 2n throughout
the transition group to the family Poaceae is well
expressed.

Thereby we can see that Rapateaceae -
Restionaceae (x=10-12) divergesfrom low-chromo-
some number group Haemodoraceae -
Dasypogonaceae (x=7-8). Apparently in several side
branches, such asthe family Anarthriaceae, X isre-
duced to 6. There are no specieswith ahigh number
of chromosomes between these two groups of taxa.
Thenext group consistsfrom high-chromosome num-

ber olygotype families Flagellariaceae,
Joinvilleaceae, Ecdeiocoleaceae (x=18, 19 and
more).

The next evolutionary step is the emergence of
the family Poaceae. The primary taxaof thisfamily
are subfamilies Anomochl ooideae and Pharoideae
characterized by reduced basic chromosome num-
ber (x=12). Further the branch splitsinto two clades
known by major subfamilies: BEP (Bambusoideae,
Ehrhrartroideae, Poooideae) and PACMAD
(Panicoideae, Aristidoideae, Chloridoideae,
Micrairoideae, Arundinoideae, Danthonioideae). In
both clades agradual decrease of x from 12to 10, 9
and below can be observed. InPACMAD cladex=8,
7, 6 arerare, but in BEP clade the largest subfamily
Pooideae almost entirely is represented by the spe-
cieswith x=7.A number of speciesof thissubfamily’s
probably just continue to drop to x=2, and then, on
the basis of thischromosome number ahybridogenic
series of polyploid taxa with 2n=8, 16 arise'tl.

L et usnotethat in along branch the chromosome
number not always again falsto low x=5-8 inside
PLATO descendants. It can be assumed that in these
cases, for example, families Agavaceae and
Ruscaceae, karyotype evolution isnot yet compl ete.
Also one can note another kind of deviation. There
areno taxawith considerable high chromosome num-
ber in cryptaffinetransition Medeol aceae - Liliaceae.
At thesametimeinthefamily Liliaceae specieswith
x=12 dominate. It can be assumed that the genus
Medeola isprecryptaffinetaxon and hypotetica high-
chromosome cryptaffinetaxon has not been preserved
in the neontological chronicle of thislong phyloge-
netic branch. In thisway the sequence of karyologi-
cal eventsin along phylogenetic clade can be rep-
resented as follows (Figurel).

Primary taxa PLATO ancestors have alow ba-
sic chromosome number x=7-8 and correspondent
neopolyploid series. Precryptaffinetaxausually pre-
serve karyotypes of previous section. This is fol-
lowed by cryptaffine VIA transition taxawith high-
chromosome number.

The next group is PLATO descendants repre-
sented by morphologically and physiologically
apomorphic taxa. It can be divided into two sub-
groups. Inthefirst onethe basic number of chromo-
somes (x=11-13) is significantly lower than in
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cryptaffinetaxaVIA, but higher thanin PLATO an-
cestors. In the second group chromosome number
drops to the ground level of PLATO ancestors and
in some cases even lower.

Thus, we observe a periodic process repeated
in different groups and at different levels of mono-
cotyledonous angiosperms. (x=6-8) — (x>18-30,
2n=38-60) — (x=6-8). It can be denoted as a big
karyological sequence. Well known polyploid se-
riesin species and generawith following polyploid
drop can be denoted as a small karyological se-
guences.

CRYPTAFFINETRANSITION

We have already used the term cryptaffine tran-
sition. Let usdiscussit in more detail. It can be the
areaof phylogenetic clade or taxon VIA. It connects
phylogenetically PLATO ancestorsand PLATO de-
scendants. It ischaracterized by active evolutionary
changes and consists of a preliminary transforma-
tion and innovative genome rei ntegration.

Preliminary transformation. It isamost not de-
tected at the morphological level (except phyloge-
netic phenomenon of Pavlov-Berg, see below) and
thereforeisnot reflected in the phylogenetic system
based on the concept of the identity of morphol ogi-
cal similaritiesand geneaogical kinship. Thisstage
is characterized by an increase in G+C, CpG and
CpNpG content inITS1-5,8S-ITS2rDNA regionand
asignificant increasein the number of chromosomes.
Probably these processesinitiate the cryptaffinetran-
sition.

Innovative genome reintegration. As shown
above, the karyotypes of first representatives
PLATO descendants are characterized by consid-
erably low number of chromosomes (x=11-12 and
lower) as compared with cryptaffine taxa. It seems
to be very important that the transition from high
chromosome numbers in cryptaffine taxa to low
chromosome numbers in first groups of PLATO
descendants correlate with arising of new morpho-
logical characteristics and new families. This cor-
relation can be considered as the innovative rein-
tegration of genome!Y.

—=> Reguler Peper
EPHEMERON TAXA

First steps of the emergence of new morphol ogi-
cal taxa are not represented in neontological
chronicles of theevolution of the plants, also no any
fossil paleobotanical dataon any transitional forms.
Yet the existence of transitional taxa in the evolu-
tionary process is very likely and their absence is
related probably with a short periods of their exist-
ence. Provisionally we denote such transitional
forms on the Figure 1 as ephemeron taxa.

Phylogenetic phenomenon of pavlov-berg antici-
pation

When analyzing cryptaffinetransitions between
families and orders of angiosperms one can often
observe the phenomenon of phylogenetic anticipa
tion. L. S. Berg®®57 described this phenomenon on
the basis of Pavlov’s®™ ideas of the phylogenetic
accel eration, consisting inthe manifestation of char-
acteristics of adult stages of derivative groups in
the juvenile stages of their phylogenetic ancestors.
L. Berg expanded the understanding of the phyloge-
netic acceleration shifting its effect on adult stages
of ancestral taxa. He writes: ... we consider the
phylogenetic accel eration or anticipation of charac-
teristics not only the appearance of characteristics
of the higher forms in young animals of lower, but
a so theappearance of characteristicsof higher forms
in adults of the lower groups, i.e. we denote by this
term al cases, when the organism, still young or
old, is ahead of itstime, or the average level of the
group”[56: 50]

Our research on the phylogeny of modern taxa
indicatesthat phyl ogenetic anticipation existsinsde
the cryptaffine taxa. Thusin the cryptaffine transi-
tion Hemerocallis, S methis - Phormiaceae one can
find in the genus Hemerocallis specific branched
septal nectaries, characteristic to genus Phormium
and to a lesser extent Dianella (Phormiaceae).
Trichotomsulcate pollen grains and simultaneous
microsporogenesis are rare in monocots but typical
for Phormiaceae and monotype genera Smethis.

In the transition Hosta - Agavaceae in species
of the genus Hosta arare 60-chromosomal bimodal
karyotype is typical, as well as inside the family
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TABLE 2 : Chromosome numbers in long structured phylogenetic branch of several monocots®

Number Expected basc
Region genera/ 2n (n species) chromosome
species number x (rare)
M danthiaceae — Zigadenus — Trilliaceae
PLATO ancestors
Melanthiaceae 6/55 16 (11); 32 (20); 20(2); 22 (8) 8 (10-11)
Precryptaffine
Shoenocaul on 1l/upto 25 16 (11) 8
Cryptaffine Zigadenus 11 ~ 52 - 26
PLATO desendants ~ . . .
Trillisceae 4/~ 70 10 (44); 20(4); 30 (2); 40(1) 5
Uvulariaceae — Medeolaceae- Liliaceae
PLATO ancestors ~ . . . . .
Uvulari acene 3/~ 30 14 (6); 16 (17); 12(2); 18 (2); 22(1);32(1) 7,8

Precryptaffine Streptopus, 3/ 20

Scoliopus, Clintonia 14.(1);28(5); 16 (3); 32(3); 8
Cryptaffine Medeola 11 14 (1) 7
E:-“’;I ec; descendants 10/ 500 24(276): 22 (1): 26(2); 14 (3), 18 (3); 36 (13): 48 (32) 12, (9,7)
Asphoddaceae — Hemer ocallidaceae, S methidaceae — Phor miaceae
PLATO ancestors . ) ] . ) )
Asphodel acece 13/~ 900 14 (300); 28 (15); 42 (3); 12 (40); 42 (3); 56 (4) 7 (6)
Precryptaffine Hemerocdlis 15 -20 22(22);33(2);44 (1 11
Cryptaffine Smethis 11 48 (1) 24
PLATO desendants ) )
Phormmiacese 6/ 30-35 20(3),18 (1); 16 (4); 32 (5) 10,9, 8
Anthericaceae — Camassiaceae, Funkiaceae — Agavaceae
PLATO ancestors . 22 (30); 24 (5); 44 (3); 56 (2); 14 (14); 28 (10);16 (33); 32
A nthericaceae 22/~ 600 8):8(9) 12,11,7,8, 4
Precryptaffine ) ) . .
Camass aceae 5/ 19 30 (5); 36(1); 34(1); 24 (2); 60 (1) 12,13, 15, 17
Cryptaffine Furkiaceae 1/23 60(17); 48 (1); 90(1); 120 (1) 30
PLATO desendants )
A avaceae 8/350-400 60 (60); 24, 36, 90, 120, 180 (1-5) 30
Anthericaceae — Convallar iaceae, — Ruscaceae, Dr acaenaceae
PLATQ ancestors 22/ 600 22 (30); 24 (5); 44 (3); 56(2.); 14 (14); 28 (10);16 (33); 32 12.11. 7,8, 4
A rthericaceae ;8(9)
Precryptaffine and 10/100-
cryptaffine Convallariaceae 110 36 (16)38 (39); 40 (4) 18, 19, 20
S. str.
PLATO descendants 40 (7); 60(1) 20,19, 18, 11, 10, 9,

40 (21); 38 (14); 36 (16); 30 (4); 28 (2); 22 (5); 20 (21); 18

Ruscaceae, Dracaenaceae (18): 14 (1); 16 (1) 87

Lowiaceae, Haemodoraceae, Dasypogonaceae — Flagellariaceae, Joinvilleaceae, Ecde ocol eaceae— Poaceae
PLATO ancestors

Lowiaceae, 1/16, . Dominate 2n= 14, 16,

15/101; . : 7,8,(9
Haemodor aceee, 4/16 Rar e corresponding polypl oids
D asypogonaceae
Crypf[afﬂ ne 2/3 ~ 48(1);~ 64-66 (1) 247, 32-33?
Ecde ocoleaceae

Exoept specieswith variable 2n

~ 24 (87); 48(138); 22 (40); 44 (37); 20 (224); 40 (276); 18
PLATO descendants 800/ : } i . ; : 12,11, 10,9, (8), 7,
Posceae ~11000 (211); 36 (228); 72 (49); 16 (13); 32(6); 14 (685); 14, 28 6 (4. 2)

(58); 56 (181); 28 (473); 42 (254); 12 (27); 24 based on
x=6 (4-5); 10 (44); 8 (4); 4 (3); 2 (1.
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Agavaceae. In the transition Medeola - Liliaceae a
number of the embryological characteristics of the
family Liliaceae can be found inside the genus
Medeola and precryptaffine taxa Clintonia and
Scoliopus®. In the cryptaffine transition
Tofieldiaceae - Alismatidag® a specific 3-circular
9-staminate androecium ischaracteristic for the gen-
era Pleea (Tofieldiaceae, Lilianae) and Butomus
(Butomaceae, Alismatanae). For other Lilianae 3-6
staminate 1-2-circular androecium istypical.

Cryptaffine transitions also can be observed at
the generalevel, for example, thetransition between
the genera Mahonia and Berberis (Berberidaceae).
In this case the cryptaffine taxa are the section
Horridae of genus Mahonia. According to molecu-
lar datal®® nine species of this small section of the
group Occidental es of the genus Mahonia are closer
to genus Berberis as compared with “morphologi-
cal” relatives from the group Occidentales. These
species are separated from the group Occidentales
by the group Orientales.

L. Ahrendt!, the monograph of genera Berb-
eris and Mahonia, notes that characteristics of a

—=> RGgulor Peper

young shoot havediagnostic significance. «Smoother,
dark red stems, such as are familiar in Berberis, ap-
pear in the few Mahonia species of the unusual sec-
tion Horridae; this being one of severa characters
which place these Mahonia nearer to Berberisthen
the others.»% 2)

The notion of phylogenetic anticipation usually
causes objections from supporters of strict selec-
tion adaptogenesis. A. Severtsovi®?: (¢ notes that
phylogenetic anticipation can be explained by anin-
dependent parallel development, based on asimilar
effect on the selection of the genomes of related or-
ganisms. With regard to our material we believethat
it is consistently developing taxa and most of con-
sidered characteristics have not an adaptive signifi-
cance. A detailed analysis of problemsrelated with
parallelisms and phylogenetic anticipation one can
found in the publication of 1. J. Popov!®.

L ong structur ed phylogenetic branch

Thuswe can assumethat certain structure exists
in the phylogenetic branch. One taxon (in our case
family) flows into the other (other family) not di-

_|: Poeae x=70(06,542)
Pooideae Aveneae x=71,(654,2)
~a Triticeae x=7
Brachypodium x=9,8,7
Meliceae x=10,9,7,(8 5
— Stipoideae =12 11
Bambusoideae =x== 12, (11, 10)
Ehrhartoideae =z = 12, 11, {10}
Isachneae z=10,9
BEP { Chlotrideae x=10,9,(12,8,7, &
| Pappophoreae  x= 12, 10, 9, (&)
Armndincideae == 12,11,9,(6, 7)
—— DMaydeae x=10,9
Andropogoneae == 10,(9, 7, 5)
EACHA 1 andineess  m=12.10, 7, &
Paniceae x=10,9,(8,7,4,5
Centothecoideae == 12
Pharoideae =12

Anomochlooideae x = 12, 11

;

Ecdeiocoleaceae 2n = 62-64

‘ Philydraceae —

Pontedenaceae —

. x=T7,8
‘ Lowiaceae -

Dasvpogonaceae

Figure 2 : Basic chromosome numbers (X) in phylogenetic tree of monocots including poaceae
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verging gradually but via the specific intermediate
section, marked by cryptaffine and, supposedly by
ephemeron taxa. These taxa are characterized by
specific features. Among them we can convey mo-
lecular (the nucleotide composition of the certain
genome sites), carpological (determined changein
the basic number of chromosomes), morphological
(the accumulation of apomorphies, cases of Pavlov-
Berg anticipation), and statistic (different numeri-
cal representation of taxa on the different phyleme
regions) features. This kind of structuring was re-
veded on the level of the highest rang taxa, we use
theterm “long structured phylogenetic branch”. Fig-
ure 1 demonstrates the fragment of long structured
phylogenetic branch, containing two consecutive
PLATO regionsand the connecting V1A region'™.
As we have said, our evolutionary reconstruc-
tions apparently are corresponding to the theory of
punctuated-equilibrium and every cryptaffine
transition issimilar to the el ement of quantum evo-
[ution®s. However, both Simpson and supporters of
punctuated-equilibrium theory believed that sata-
tions can be explained by random changes and
gradua selection. Our model of structured branch
and cryptaffinetransitionsisbased on the notion that
the similar complex transformations occur multiple
timesin different parts of phylogenetic tree. There-

fore, it is more consistent with the nomogenesi g5
[57]

CONCLUSION

Consideration of taxonomical system as a
neontological chronicle of the evolution is an im-
portant background for evolutionary findings based
on taxonomical studies. The existence of hidden-re-
lated (cryptaffine) taxa is revealed by comparison
of molecular and morphological data within the
macro system of angiosperms. Phylogenetically their
morphological characteristicsbring cryptaffinetaxa
closer to a group of ancestors and molecular — to
descendants. Cryptaffine taxa possess a number of
specific features: high basic and diploid chromo-
some numbers, high G+C, CpG and CpNpG content
in5,8SrDNA and phenomenon of phylogenetic an-
ticipation. Probably cryptaffine taxa represent first
steps of the evolutionary saltation. Long phyloge-

netic branches of angiosperms are naturaly struc-
tured and consist of sections corresponding to slow
(taxaPLATO) and fast (taxaVIA) evolution. Basi-
cally, macroevol utionary processin Angiospermsis
nomogenetic. Preliminary molecular comparison of
nucleotide content in rDNA of severa animal spe-
cies and Homo sapiens indicate a certain similarity
of evolutionary processesin plants and animal§42.
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