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Meiosis at microsporogenesis in Larix gmelinii (Rupr.) Rupr.
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ABSTRACT
The results of study on Larix gmelinii meiosis at microsporogenesis are presented. Meiosis is characterized by various anomalies.
Common and specific types of meiotic irregularities were found at different stages. These irregularities can be the cause of
heterogeneous pollen formation with different ploidy levels and other anomalies of development.
Keywords : Gmelin larch, conifers, microsporogenesis, meiosis, irregularities of meiosis.
Gmelin larch [Larix gmelinii (Rupr.) Rupr.] is one of the
main forest-forming species of Asian part of Russia.
According to E.G. Bobrov (1972) classification L. gmelinii
includes series Paucisquamatae of section Pauciseriales.
Gmelin larch grows in the Middle and East Siberia, NorthEast China and North Mongolia. This species possesses by
high ornamental features, fast growth and is widely used as
planting of greenery in cities, gardens and parks, and for
agricultural afforestation (Koropachinskiy & Vstovskaya
2002). New conditions at botanical gardens and arboreta can
provoke ecological stress, irregularities of growth and
development; reduce of productivity (Nekrasov 1971,
Mamaev and Andreev 1996).
Beginning of reproductive phase is characterized by high
sensitivity when sporo- and gametogenesis processes are in
new temperature and light regime (Shkutko 1991). Meiosis, as
a part of microsporogenesis, is a critical period in the cycle of
plant development controlling future pollen quality. The
meiotic stages of conifer species have been described by many
authors in different climatic and adaptive conditions. It has
been shown that the stages of meiosis are sensitive to
environmental factors: temperature, light and other factors
(Barner and Christiansen 1960, 1962, Christiansen 1960,
Mergen and Lester 1961, Chandler and Mavrodineanu 1965,
Kantor and Chira 1965, Ekberg and Eriksson 1967, Ekberg et
al. 1968, 1972, Eriksson 1968, 1970, Chira 1973, Kozubov
1974, Kruklis 1974, Hall and Brown 1976, Luomajoki 1977,
1982, 1984, 1986, 1995, 1996, Yakovlev 1978, Andersson
1980, Trenin 1986, Muratova 1995, 1997, Romanova and
Tretyakova 2005, Bazhina et al. 2007a, b, 2008, 2009, 2011,
Noskova et al. 2009, Kvitko et al. 2011). A correlation
between meiotic irregularities and certain meteorological
conditions has been observed.
The study of some conifers species in botanical gardens,
parks and arboreta, exotic species has revealed that on one
hand meiosis is stabilized, on the other hand it is disturbed
(Luomajoki 1994, 1996, Muraya et al. 1988, Mashina 2000,
Gavrilov and Butorina 2005, Bazhina et al. 2007a, 2008,
2011). The aim of this work was to study meiosis in Gmelin

larch (L. gmelinii) cultures at the Arboretum of the V.N.
Sukachev Institute of Forest SB RAS.
MATERIALS AND METHODS
The study was conducted in Gmelin larch (L. gmelinii)
trees growing at the Arboretum of the V.N. Sukachev Institute
of Forest in 2008-2009. Arboretum is located in the forestpark zone of Akademgorodok (Krasnoyarsk) on a high terrace
(275 m above see level) of left bank of Yenisey river near
building of Institute. Arboretum is referred to the EastSiberian variant of the south-taiga subzone. This is mountain
steppe with domination of tall grasses. The soil in the
Arboretum is sod-carbonate, weakly alkaline (close to neutral
pH) with low humus content and nitrogen mobility. Square of
Arboretum is 15 ha including 8.5 ha for collections, 6.5 ha for
nursery and 0.15 ha for cold seed-plot (Loskutov 1991). The
climate of this region is sharply continental with cold long
winter and hot short summer. Average annual temperature of
air is about 0º C.
The developing male generative buds (male strobili,
microstrobili) were used for meiosis study. They were
collected in the middle parts of crowns of five adult trees in the
second decade of March. Cutting branches were brought to the
laboratory, and fixed daily: each day from 15 to 20 buds were
collected per tree. The generative buds were fixed in alcohol
mixed with acetic acid to a ratio of 3: 1. Material was stained
with 1 % acetohematoxylin for making temporary slides. The
slides were prepared from buds using the improved squash
technique. Pollen mother cells (PMC) at different stages of
meiosis were analyzed using microscope Mikmed-6 and
Digital microscope camera DCM510. Normal cells and cells
with irregular chromosome behaviour were counted at each
stage of meiosis. The occurrence and frequency of different
types of irregularities were registered. Suitable cells were
selected for analysis and photographed. The results were
analyzed using standard statistical methods.
RESULTS AND DISCUSSION
Information on meiosis is available for the next Larix
species: L. chinensis Beissn, L. x czekanowskii Szafer (L.
gmelinii x L. sibirica), L. decidua Mill. (L. europaea DC.), L. x
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eurolepis A. Henry (L. europaea x L. leptolepis), L. gmelinii,
L. laricina (Du Roi) K. Koch, L. leptolepis Siebold et Zucc. [L.
kaempferi (Lamb.) Carrière], L. occidentalis Nutt., L.
principis-rupprechtii Mayr, L. sibirica Ledeb. (Sax 1932,
1933, Sax and Sax 1933, Barner and Christiansen 1960,
Christiansen 1960, Chandler and Mavrodineanu 1965, Ekberg
and Eriksson 1967, Ekberg et al. 1968, Eriksson 1968, 1970,
Owens and Molder 1971, Kozubov 1974, Kruklis 1974, Hall
and Brown, 1976, Karpel and Medvedeva 1977, Hall 1982,
Luomajoki 1982, 1984, 1995, 1996, Trenin 1986, Butorina et
al. 1989, Yu and Zhao 2003, Romanova and Tretyakova 2005,
Zhang et al. 2007, 2008, 2010).
It is established that pattern of microsporogenesis in Larix
is similar to the other Pinaceae family representatives (Barner
and Christiansen 1962, Mergen and Lester 1961, Kantor and
Chira 1965, Runquist 1968, Livingston, 1971, Owens and
Molder 1971, Ekberg et al. 1972, Chira 1973, Ho & Owens
1974a,b, Kozubov 1974, Mergen 1976, Yakovlev 1978,
Andersson 1980, Zhu et al. 1987, Luomajoki, 1995, Muratova
1995, 1997, Bazhina et al. 2007a,b, 2008, 2009, 2011, Deng
and Zhang 2005, Deng 2006, Deng, Zhang, 2005; Deng et al.
2008, 2009, Noskova et al. 2009, Kvitko et al. 2011). In Larix
meiotic divisions occurs on classic type with simultaneous
formation of tetrad microspores. But in contrast with the other
genera of Pinaceae family meiosis in pollen mother cells of
Larix species, as a rule, begins in autumn, remains at prophase
I stage during winter and restarts the next spring to complete
the process. In the other genera of conifers meiosis begins and
finishes in spring. The duration of meiosis stage in Larix is
about 6 months, and includes a long diffuse stage (the end of
pachitene – the beginning of diplotene) during winter.
Our studies and literature data (Kruklis 1974, Karpel and
Medvedeva 1977, Luomajoki 1984, 1996) showed that in L.
gmelinii meiosis began in autumn. In 2008 in Gmelin larch at
V.N. Sukachev Institute of Forest Arboretum the sporogenous
tissue developed in microsporangia in the end of August. In
that time the strobili increased in size and the cells within
microsporangia were at the primitive archesporial stage. In the
beginning of September the archesporial cells differentiated
into pollen mother cells and prophase I of meiosis (leptotene –
pachitene) began. The PMCs were relatively large cells and
had nucleoli. At the initial stages of meiotic prophase from 1 to
6 nucleoli were presented in PMCs and disappeared in
diplotene.
Prophase I is the longest stage of meiosis in conifers.
During October, November and all winter months (December
2008 – February 2009) in Gmelin larch microsporocytes were
in diffuse stage of prophase I – the end of pachitene – the
beginning of diplotene (Fig. 1a). Post-dormancy development
strongly depends on temperature conditions; it increases in
warm weather and decreases when it becomes cool. In 2009 at
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Arboretum of V.N. Sukachev Institute of Forest in Gmelin
larch the first meiotic divisions were observed in the second
decade of March when day temperature was above 0 C (Fig.
1b). After the diplotene stage was completed, microsporogenesis developed rapidly and took some days for the
advance from diakinesis to an immature microspore.
o

Fig. 1- Meiosis in Larix gmelini at the V.N. Sukachev Institute of Forest
Arboretum : a – microsporocyte during winter, January 29, 2009, early
prophase I (diffuse stage); b – prophase I, diplotene in the second
decade of March, 2009; c – prophase I – diakinesis; d – metaphase I; f
– anaphase I; e – telophase I; f – dyad; g – prophase II; h – metaphase
II; i – anaphase II; j – telophase II; k – tetrad of microspores; l –
developing microspores (prothallial divisions). X 400 (10 x 40).

At diakinesis, when the contraction of chromatids
reached maximum, the configuration of 12 bivalents could be
observed (Fig. 1c). At metaphase I, the chromosomes were
oriented on the center of the cell (Fig. 1d). Separation of
homologous chromosomes occurred almost immediately
during anaphase of the first meiotic division – anaphase I (Fig.
1e). Diakinesis, metaphase I, and anaphase I stages were of
short duration. At telophase I, daughter nuclei were formed
and then interkinesis (dyad) could be observed. Stage of dyad
could be some days in dependence on weather conditions.
After second division of meiosis was over four microspores
(tetrads of microspores) separated quickly. In 2009 meiotic
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Table 1— Frequency of meiotic irregularities in Larix gmelinii at V.N. Sukachev Arboretum, %
Stage of meiosis

Tree 2

Tree 3

Tree 4

Tree 5

Metaphase I
Ana-telophase I
Dyad
Prophase II
Metaphase II
Ana-telophase II
Tetrad
Microspores

5,7
7,6
0,7
21,9
4,2
5,9

20,4
26,7
7,1
4,4

10,4
11,4
0,4
2,1
24,0
6,0
2,2

3,3
0,3
28,2
63,6
9,3
6,8

division lasted for 5-7 days from diakinesis through the tetrad
stage and to the end of March meiosis was finished. Pollen
grains formed in about four weeks following meiosis. Figure 1
the meiotic stages from prophase I to tetrads and prothallial
divisions are illustrated. Meiosis duration in different trees
varied and differences between them up to 4 days. In
microstrobilus and microsporangium asynchrony of
microsporocytes development occured.

% in different trees (with high frequency in tree 2). Some of
these cells degenerated on the stage of dyad but most of all
continued development. As the result successive type of tetrad
formation (each of the two nuclear division was followed by the
formation of cell membrane) instead of simultaneous was
occurred. This type of irregularities was specific for Gmelin
larch.

In the most meiocytes meiosis was regular. But analysis
of meiosis in pollen mother cells in detail revealed anomalies
in the generative sphere development in all trees. Meiotic
aberrations were shown at different stages (Figs. 2, 3). The
frequency of irregularities varied in different trees (Table 1).
Most irregularities can be classified as a general type; they
occur in all conifer species. Together with irregularities of
general type, the specific ones were observed. During
prophase I, besides normal bivalents, polyvalents were
observed. In metaphase of the first meiotic division
(metaphase I) there were one or some bivalents outside of
metaphase plates and premature separation of chromosomes
(Fig. 2a). Frequencies of these irregularities were 3,3-20,4 %
in different trees. Possibly, these chromosomes included in the
process of division later and there were no some consequences
of these irregularities on the late stages of meiosis.
Chromosomes outside of division spindles were observed also
at anaphase I and metaphase II (Figs. 2b, c).
In anaphase I stage irregularities of general type were
observed such as bridges (Fig. 2e) and lagging chromosomes
(Fig. 2h). Formation of three poles of division instead two ones
at anaphase I were registered (Fig. 2g). Frequencies of these
irregularities in Gmelin larch varied from 7, 6 to 11,4 %. Most of
these irregularities were eliminated at the interkinesis (dyad)
stage (Table 1). In some cells they often stood apart in
micronucleus and in the result irregular-shaped nucleus at the
interkinesis stage formed. Frequency of these cells was not more
0.3 %. Bridges at the anaphase I stage were kept at dyad stage
and sometimes even in the second meiotic division (Fig. 2f).
Gmelin larch as the other conifers is characterized by
simultaneous type of tetrad microspores formation. Our research
showed that in some cases cytokinesis occurred by successive
type. In these cells full or partial cellular membrane began to
form at telophase I stage. Frequency of these cells were 0.4-10,5

Fig. 2- Irregularities of meiosis in Larix gmelini at the V.N. Sukachev
Institute of Forest Arboretum (arrows point to irregularities):
a – chromosomes outside of division spindle at metaphase I;
b – chromosomes outside of division spindle at anaphase I;
c – chromosomes outside of division spindle at metaphase II;
d – cellular membrane in second meiotic division; e–bridge at
anaphase I; f – preservation of bridge at metaphase II and ejection of
chromosome fragment outside of metaphase plate; g – formation of
three poles division instead of two at anaphase I (three-poled
distribution of chromosomes at anaphase I); h – lagging chromosomes
at anaphase I; j – disordely chromosome distribution at anaphase II. X
400 (10 x 40).

Second meiotic division passed with many irregularities.
In metaphase II chromosomes outside of metaphase plates and
disorderly distribution of chromosomes, premature separation
of chromosomes and fusion of division spindles were
observed (frequencies were 0,7-28,2 %). Percentage of
irregularities was highest in ana-telophase II. In anaphase of
the second division (anaphase II) bridges, lagging
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chromosomes (Fig. 2j), disorderly distribution and
agglutination of the chromosomes, multi- or fusioned spindles
were found. Frequency of the irregularities in anaphase II was
21,9-63,6 % in different trees. Most part of these aberrations
was eliminated and in the results number of morphologically
normal tetrad of microspore composed 90, 7-95,9 %.
During studies irregularities of cytokinesis were
observed. Often tetrad contained four normal on size
separated nuclei but without formation of full cellular
membrane. In the result of these irregularities abnormal large
microspores with two nuclei were formed. Later fusion on
these nuclei occurs, degeneration of one of them, or each
nucleus could give rise to male gametophyte. Except tetrad of
microspores, formation of triads, pentads and hexads were
observed. In some study cases great number of small
microspores was observed. It was possibly formed in the
results of chaotic distribution chromosomes at anaphase II.
Some of these irregularities are presented on Fig. 3a-h.
Microspores with two different on size nuclei possibly
contained different chromosome numbers.

Fig. 3–Irregularities on the stage of tetrad of microspores in Larix gmelini
at the V.N. Sukachev Institute of Forest Arboretum : а – hexad of
microspores; b – great number of small microspores; c – pentad of
microspores, one microspore is two-nuclear; d – two-nuclear microspore
under common membrane at tetrad stage; e – partial (not full) division of
microspores; f – mitotic division in two-nuclear microspore (up),
degradation of nucleus (under); g – two-nuclear microspore with different
on size nuclei; h – partial formation of cell membrane; i – triad with two
normal and one two-nuclear microspores. X 400 (10 x 40).

In addition in two trees (2 and 5) cells with irregularities in
spindle orientation in metaphase I (spindles are not in the center
of cells) and metaphase II (abnormal of spindle orientation)
were recorded; their frequencies were 5,7 and 8,5 %. In the
result abnormal spindle orientation led to formation of one- and
two-nuclear triads (Fig. 3i). It is the first study case of this
irregularity in conifers. Some of listed above irregularities
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could be the cause of heterogeneous on size microspores with
different ploidy levels.
In many other conifer species meiotic irregularities were
described. Investigations of different authors have shown that
they were due to the effects of low and high temperatures and
other unfavourable factors especially in areas where trees
grow in extreme climatic and soil conditions (Barner and
Christiansen 1960, 1962, Christiansen 1960, Mergen and
Lester 1961, Chandler and Mavrodineanu 1965, Kantor and
Chira, 1965, Ekberg and Eriksson 1967, Ekberg et al. 1968,
1972, Eriksson 1968, 1970, Chira 1973, Kozubov 1974,
Kruklis 1974, Hall and Brown 1976, Luomajoki 1977, 1982,
1986, Yakovlev 1978, Andersson 1980, Muratova 1995, 1997,
Romanova and Tretyakova 2005, Bazhina et al. 2007a,b,
2008, 2009, 2011, Noskova et al. 2009, Kvitko et al. 2011). It
is known meteorological factors influence generative organ
formation, microsporogenesis, pollination and fertilization.
Furthermore, abnomalies of meiosis could be a result of a
hybrid state, the presence of chromosomal aberrations or
mutant genes controlling the meiotic process (Sax 1932, 1960,
Saylor and Smith 1966, Kruklis 1974, Golubovskaya 1979,
Koduru and Rao, 1981, Butorina et al. 1985, 1989, Muraya et
al. 1988, Gavrilov and Butorina, 2005, Deng et al. 2008,
Zhang et al. 2010).
Investigations of some authors showed that frequency and
spectrum of meiotic abnormalities increased under introduction
in comparison with the natural conditions (Luomajoki 1994,
1996, Muraya et al. 1988, Mashina 2000, Gavrilov and
Butorina 2005, Bazhina et al. 2007a, 2008, 2011). Character
and features of meiosis in Gmelin larch trees growing at V.N.
Sukachev Institute Arboretum could probably was due to
introduction and acclimatization of plants in new conditions
and has adaptive significance. It has been shown that new
environmental conditions in arboreta, parks and botanical
gardens resulted abnormalities in growth and development of
trees. The high sensitivity to new conditions is characteristic of
juvenile plants and the beginning of reproductive period of
young plants (Shkutko 1991, Gavrilov and Butorina 2005).
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