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SUPERNUMERARY (B) CHROMOSOMES IN POPULATIONS
OF PICEA ABIES (L.) H. KARST. FROM WESTERN RHODOPES (BULGARIA)

Investigations on B chromosomes found for the first time
for Picea abies (L.) H. Karst. have been conducted. Seeds
of Picea abies from two populations of Western Rhodopes
(Bulgaria) located at the southern border of species range,
and protected according to Bern Convention and EC Habi-
tat Directive were collected for this study. Mixoploidy was
detected in some germinating seeds of Picea abies. It was
found that metaphase cells of germinating seeds contain
0—4 B chromosomes of both metacentric and submetacentric
types. The variability of B chromosomes number and their
occurrence was observed. Along with B chromosomes, some
chromosome aberrations such as fragments and ring chro-
mosomes were revealed in metaphase cells of Picea abies
from studied populations. The possible adaptive role of B
chromosomes presence for Picea spp. is discussed.

Key words: Picea abies (L.) H. Karst., B chromosomes,
Western Rhodopes, Bulgaria.

Introduction. Supernumerary (B) chromosomes are
dispensable extra chromosomes found only in some
individuals of populations from different systemati-
cal groups of plants. B chromosomes fail to pair or
recombine with any A chromosomes in meiosis.
They are often morphologically distinct, usually
smaller than A chromosomes, and can show varia-
tion of their number both within one individual and
between individuals [1]. B chromosomes are most
widespread among conifers of genus Picea. Pres-
ently B chromosomes were revealed in 14 species
of Picea A. Dietr. [2]. Initially, B chromosomes
were discovered in Picea obovata Ledeb. and Pi-
cea sitchensis (Bong.) Carr. [3, 4]. B chromosomes
and their occurrence are well studied in different
provenances of Picea obovata |3, 5—9]. In spite of
detailed earlier karyological studying B chromo-
somes were not detected in the closely-related Picea
abies (L.) H. Karst. to date [10—15], though they
were found in populations of interior spruce Picea x
x fennica (Regel) Kom., growing in the introgres-
sion zone between Picea obovata and Picea abies
[16]. The objective of this study was to analyze

© AN. TASHEV, T.S. SEDEL’NIKOVA, A.V. PIMENOV,
2014

30

B chromosomes found for the first time in Picea
abies in two populations from Western Rhodopes
(Bulgaria).

Materials and methods. Picea abies (Norway
spruce) grows in Middle Europe from the Western
Alps to Baltic countries, the Ukrainian Carpathians
and south-western regions of Russia to the east, and
from the northern part of Scandinavian Peninsula
to the Rhodopes in the south [17]. Natural spruce
forests in Bulgaria occupy about 75 000 ha. Their
location is related, mainly, to the Rila-Rhodope
mountain region where they play an important eco-
logical and economic role [18]. The Rila-Rhodope
region is the southern border of natural Picea abies
range. It is known that Picea abies forests on the
Balkan Peninsula are of very ancient origin [19].
According to Fukarek [20] and Alexandrov [21]
the species growing in the mountains of Balkan
Peninsula is more polymorphic in comparison with
the other parts of its range, which could be due to
the fact that the populations here remained almost
unaffected by the last glaciations.

First of the studied population of Picea abi-
es, called Charkovi livadi (N 41°41'02.1"; E
23°53'56.2"), is situated on the territory of Garmen
State Forest Service, close to the village Kova-
chevitza. Characteristics of site conditions: 1400 m
a.s.l., north-western exposition, upper part of a
slope. 18° inclination; soil: Eutric Cambisols, rich,
fresh to wet, 61—120 cm deep, slightly stony,
sandy; bedrock: gneiss. Stand composition: First
layer: Picea abies (L.) Karst. — (80 %, age — 120
years; height 28 m, diameter at breast height (DBH)
42 cm, density 0.5, site class 2, growing stock
291 m? per hectare; Pinus sylvestris L. — 20 %, age
120 years, height 28 m, DBH 46 cm, density 0.5,
site class 2; single individuals of Abies alba Mill. —
age 120 years, height 28 m, DBH 42 cm, density
0.5, site class 2; Fagus sylvatica L. — age 120 years,
height 28 m, DBH 42 cm, density 0.5, site class 2.
Second layer — undergrowth: P. abies — 100 %, age

30 years, height 6 m, DBH 6 cm, density 0.6, site
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class 2, single individuals of A. alba — age 30 years,
height 6 m, DBH 6 cm, density 0.6, site class 2; F.
sylvatica — age 30 years, height 6 m, DBH 6 cm,
density 0.6, site class 2.

The second studied population called Drangov
kamak (N 41°53'04.0"; E 23°46'56.1"), is situated on
the territory of Eleshnitza State Forest Service, near
the village of Zlataritza. Characteristics of site con-
ditions: 1550 a.s.l., northern exposition, lower part
of a slope, 21° inclination; soil: (Eutric Cambisols),
rich, wet, depth 61—120 cm, slightly stony, clayey;
bedrock: South Bulgarian granite. Stand composi-
tion: First layer: P. abies — 40 %, age 140 years,
height 31 m, DBH 40 cm, density 0.5, site class 2,
growing stock 171 m?® per hectare; P. sylvestris —
60 %, age 140 years; height 31 m, DBH 40 cm, density
0.5, site class 2; single individuals of A. alba — age
140 years. Second layer — undergrowth: P. abies —
90 %, age 70 years, height 20 m, DBH 20 cm, density
0.3, site class 2; P. sylvestris — 10 %, age 70 years,
height 21 m, site class 2; single individuals of A. alba
undergrowth. Third layer — undergrowth: P. abies —
80 %, age 30 years, height 7 m, DBH 6 cm, density
0.3; P. sylvestris — 20 %, age 30 years, height 9 m,
diameter 10 cm; single individuals of A. alba under-
growth. Fourth layer — undergrowth: P. abies — 80 %,
age 10 years, height 1 m, DBH 6 cm, density 0.3; P.
sylvestris — 20 %, age 10 years, height 2 m.

Both stands are natural, of seed origin and have
a special status of seed production stands, which was
crucial factor for their conservation to date. Natural
habitats of the stands are included in the new edition
of Red Data Book of Bulgaria, vol. 3 — Natural ha-
bitats (http://e-ecodb.bas.bg/rdb/bg/) — Spruce for-
ests (34G3) — EUNIS: G3.1E Southern European
[Picea abies] forests; PAL. CLASS.: 42.24 Southern
European Norway spruce forests; HD 92/43: 9410
Acidophyllous Picea forests of the mountain to alpine
levels (Vaccinio- Piceetea); category «potentially en-
dangered» [NT —Al,2 B1 C3 D1 E1 F1 G1 H1 1L3].
The stands are situated also on the territory of pro-
tected zone within the framework of European eco-
logical network NATURA 2000 — code BG 0001030
Western Rhodopes. These habitats are protected ac-
cording to Biodiversity Act of Bulgaria (2002, 2007)
and are included in Appendix 1 of the Act. They are
protected also according to Bern Convention (1973)
and EC Habitat Directive.

Seeds of Picea abies from two populations Char-

Supernumerary (B) chromosomes in populations of Picea abies (L.) H. Karst.

kovi livadi and Drangov kamak were collected. The
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seeds were germinated on water-moistened filter
paper at 24 °C. Germs with 1—2 cm roots were
pretreated by 1 % colchicine solution for 4—6 h at
24 °C, fixed in a mixture of absolute ethanol/gla-
cial acetic acid (3 : 1), and stored at —20 °C. The
samples were stained with 1 % aceto-hematoxylin.
Root tip meristem cells were used for the study.
After staining the root tips were squashed in a drop
of 60 % chloral hydrate solution. The metaphase
plates were examined and photographed in oil im-
mersion using the Zeiss Axiostar-plus microscope.
Chromosomes were studied in metaphase cells pre-
senting the complete chromosome set.

Results and discussion. Diploid set of 24 (A)
chromosomes (2n = 2x = 24) was found in root me-
ristems of Picea abies from the two populations
studied. The data confirm the results of previous
studies on the chromosome numbers of Picea abies
from other populations of Bulgaria [22, 23]. Diploid
chromosome number 2n = 24 was found in differ-
ent parts of the species’ distributions, like Estonia,
Lithuania, Romania, Czech Republic and Canada
[5, 10, 11, 13].

Mixoploidy was found in some germinating seeds
both from Drangov kamak and Charkovi livadi popu-
lations: in separate metaphase cells triploid (2n =
= 3x = 36) and tetraploid (2# = 4x = 48) chromosome

Variability of chromosome numbers in germinating seeds
of Picea abies from Western Rhodopes (Bulgaria)

Germinating seeds
(number/%)
Chromosome set
Charkovi Drangov
livadi kamak

2n =24 6/19.8 9/59.8
2n=124;24 + 1B 1/3.3 -
2n =24 + 1B 8/27.4 2/13.4
2n =124 + 2B 2/6.6 -
2n =124 + 1B; 24 + 2B 2/6.6 1/6.7
2n =124 + 1B; 24 + 3B 1/3.3 -
2n =24 + 2B; 24 + 4B 1/3.3 -
2n =24 + 1B; 24 + 2B; 1/3.3 -
24 + 4B
2n =24 + 1B; 24; 36 2/6.6 —
2n =24 + 1B; 48 2/6.6 -
2n = 24; 48 3/9.9 2/13.4
2n = 24; 36; 48 1/3.3 1/6.7
Sum total 30/100 15/100
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Fig. 1. Metaphase plates of Picea abies with tetraploid
chromosome number (2n = 4x = 48) in populations Dran-
gov kamak (a) and Charkovi livadi (). Bar = 10 pm

— b

numbers were revealed (Table, Fig. 1), while the ma-
jority of cells had diploid chromosome number (27 =
= 2x = 24). Earlier, the presence of mixoploids was
reported for Picea abies populations from Sweden,
Czech Republic and France [14, 15, 24].

B chromosomes were found in the metaphase
cells in both Picea abies populations. The absolute
length of B chromosomes was about 20—30 % of
A-chromosome length. Simultaneously, the triploid
and tetraploid cells were observed in some root tips,
which contained B chromosomes. Supernumerary
chromosomes of Picea spp. are subdivided into two
types according to their centromere position: the
more common (B1) type is metacentric, the other
one (B2) is submetacentric [25]. B chromosomes
from studied populations of Picea abies belonged
to either BI and B2 types (Fig. 2, a, b). There-
with among germinating seeds with supernumerary
chromosomes Bl type from Charkovi livadi was
found in 93.3 % of cases, and from Drangov ka-
mak — in 86.7 % of cases. The other cells with
supernumerary chromosomes contained B2 type.

The results of analysis of B chromosome number
and their occurrence in Picea abies are summarized
in the Table. B chromosomes presence and their
number were unstable in germinating seeds from
both populations of Picea abies. The seeds from
Charkovi livadi contained 0—4 B chromosomes,
while these from Drangov kamak had 0—2 B chro-
mosomes (Fig. 2, a—g). Presence and occurrence
of B chromosomes greatly varied among seeds from
the two populations of Picea abies. Increase of the
number and occurrence of B chromosomes and
their maximum presence was observed in the popu-
lation Charkovi livadi (Table).

In both populations of Picea abies, particularly
in Charkovi livadi, B chromosome number varied
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in one and the same germinating seed (Table, Fig.
2, h). In previous studies on different Picea species
presence of constant B chromosome number for
each individual was observed. Most often they had
been found in all the cells, but could be observed
only in some of them [3—35, 7, 13, 26—28].

The results of distribution of metaphase cells in
number of chromosomes in them in studied Picea
abies provenances are presented in Fig. 4. Among
cells possessing B chromosomes cells with 1B chro-
mosome were found more frequently, cells with 2B
chromosomes were found seldom, and cells with
3—4B chromosomes were found most rarely.

According to other studies, the highest number
of B chromosomes in spruce species is found in
Picea glauca (Moench) Voss (1—6B), Picea glehnii
(Fr. Schmidt) Mast. and Picea sitchensis (1—5B),
and also in Picea obovata (1—4B), but the indi-
viduals with more than one or two B chromosomes
were met, as a rule, seldom [3, 8, 25, 28—30].
This trend may be due to the unfavourable ef-
fects of the high number of B chromosomes. For
example, low pollen fertility was revealed in Picea
obovata individuals with 3—4B chromosomes [31].
In Picea sitchensis, as the number of B chromo-
somes increases, a progressive slowdown of female
flowering was observed [30]. At the same time,
the availability of B chromosomes may play some
positive role. According to some studies the pro-
cess of seed germination was accelerated in Picea
glauca and Picea obovata with B chromosomes [8,
25]. As for Picea abies from Charkovi livadi and
Drangov kamak, the seeds with B chromosomes
germinated 3—4 days earlier than these without B
chromosomes.

Variability of B chromosomes number and their
occurrence owing to their provenance, accumula-
tion mechanisms and adaptive role in plant popu-
lations, including conifers, have been discussed in
some reviews [1, 27, 32, 33]. B chromosomes of
plants have an irregular and non-Mendelian way
of inheritance. The variability of B chromosome
number in populations of conifers is regulated by
accumulation and elimination which proceed at
formation of reproductive structures. Study of in-
heritance of supernumerary chromosomes in Picea
obovata with different numbers of B chromosomes
at open pollination has shown their transmission
to the progeny both in male and female lines [27,

31]. The controlled cross performed among Picea
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Supernumerary (B) chromosomes in populations of Picea abies (L.) H. Karst.

Fig. 2. Metaphase plates with B chromosomes in Picea abies from Drangov kamak and Charkovi livadi: ¢ — B
chromosome of metacentric (B1) type (2n = 24 + 1B); b, ¢ — B chromosomes of submetacentric (B2) type (2n =
=24+ 1B); d—f— 2n =24 + 2B; g — 2n = 24 + 4B; h — variability of B chromosome number within germinating
seed (2n = 24 + 1B; 2n = 24 + 2B). B chromosomes are shown by arrows. Bar = 10 pm

sitchensis with known B-constitution has shown that
the transmission of B chromosomes to the progeny
is determined by their distribution between the male
and female parents. The «accumulative» behaviour
of B chromosomes may vary in the male and female
lines depending on the actually existing number of
B chromosomes [30].

B chromosomes probably can impact the adap-
tive potential of individuals, which is shown by
increase of genome variability level and also by in-
crease of population polymorphism [32, 34]. Picea
populations with variable number of B chromo-
somes are genetically more polymorphic. Emergen-
ce of B chromosomes increases DNA amount in
the nuclear genome [1]. According to Teoh et al.
[25], one B chromosome increases DNA amount

by 2.7 % in Picea glauca. As a whole, the trend
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of increasing the nuclear DNA amount in plants
under unfavourable environmental conditions has
been revealed for conifers [35—37].

The information accumulated so far shows that
B chromosomes distribution and occurrence are
related to fluctuations of environmental factors
for all species of Picea genus. It was established
that the northern border of B chromosomes dis-
tribution of Picea sitchensis in the North America
coincides with the permafrost line, and the highest
B chromosomes occurrence is found in the re-
gions with minimum precipitation and high sum-
mer insolation [29]. Decrease of B chromosomes
occurrence of Picea glauca was observed from
the east to the west in regions of North America.
Such variability is considered as adaptive one and
as a reason of different mortality of plants with
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Fig. 3. Distribution of metaphase cells in number of chromosomes in germinating seeds of
Picea abies: a — population Charkovi livadi, b — population Drangov kamak

4] 5]

Fig. 4. Chromosome mutations in Picea abies from
Charkovi livadi and Drangov kamak: a — part of
metaphase plate with fragment; » — part of metaphase
plate with acentric ring and B chromosome. Mutations
and B chromosome are shown by arrows. Bar = 10 pm

and without B chromosomes under specific envi-
ronmental conditions [25]. Maximum occurrence
and the highest number of B chromosomes was
observed in Picea obovata populations from the
eastern part of the range, particularly in regions
with severe climate of Central and East Siberia. In
many cases B chromosomes appearance in Picea
obovata populations was related to the extreme
growing conditions [8, 9, 27].

Probably B chromosomes occurrence in mar-
ginal Picea abies populations from Charkovi livadi
and Drangov kamak growing at the southern bor-
der of species range is connected with adapta-
tion of plants to the environmental conditions.
A serious factor for induction of B chromosomes
could be the fact that the region of study was
subjected to substantial anthropogenic pressure
due to uranium extraction industry and natural
radioactivity background. The studies performed
in the period 1993—2011 have shown that there
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is increased concentrations of radionuclides U238
and Ra226 in the soils and raised beta-activity, an
emanation of Rn222, resulting from the outfalls
of mining activity and the rocks making the
surrounding hills [38—40].

Somechromosome mutationshavebeenrevealed
in metaphase Picea abies cells from both studied
populations. They are presented by fragments and
ring chromosomes (Fig. 4). Occurrence of chro-
mosome mutations in spruce seeds from Charkovi
livadi was 3,6 %, and from Drangov kamak —
8,0 %. Chromosome mutations were found in Picea
obovata, Picea ajanensis (Lindl. et Gord.) Fisch.
ex Carr., Picea glehnii, Picea shrenkiana Fisch. et
C.A. Mey. Occurrence of mutations in Picea pop-
ulations increases under extreme environmental
conditions. It was established that irregularities in
mitosis in Picea obovata with B chromosomes are
found more often [7—9, 28, 41]. A high percent of
chromosome mutations in Picea abies from Char-
kovi livadi and Drangov kamak populations may
be due to their location at the border of species
range and unfavorable environmental factors as
well as B chromosomes occurrence.

So, presence of B chromosomes in Picea ab-
ies populations in the Western Rhodopes indicates
their further extension among Picea ssp. and their
possible adaptive role. The revealed B chromosomes
in Picea abies from Western Rhodopes (Drangov
kamak and Charkovi livadi) confirms the high na-
ture protection status of these unique natural spruce
stand included in the Red Data Book of Bulgaria
and protected by the Bern convention.

We thank Dr. Peter Zhelev for the critical reading and

valuable comments on an earlier draft of the manuscript.
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A.H. Tawes, T.C. Cedeavnukosa, A.B. I[lumenos

JIOBABOYHBIE (B) XPOMOCOMBI
B MTONYJISILUSIX PICEA ABIES (L.) H. KARST.
13 TOPHOTO MACCUBA 3ATIAJTHBIE POJIOTIBI
(BOJITAPUS)

[IpoBeneno uccnemoBanue B-xpomocoM, oOHapyKeH-
HBIX BrepBble Y Buma Picea abies (L.) H. Karst. Jlna
HACTOSILIIETO MCCJIeIOBaHUSI ceMeHa coOpaHbl U3 JIBYX
nonysiuuii Picea abies B 3anagnbix Pomonax (bonrapust),
pacrnoJIoXKeHHBIX Ha I0XHOW rpaHUlle BUIOBOTO apeayia
U OXPaHSIEMBIX B COOTBETCTBUM ¢ BepHCKOI KOHBEHLIM-
eit u JupektuBoit EC o Mectoobutanusx. B ormenn-
HBIX TIPOpPOCTKax ceMsiH Picea abies HalijeHa MUKCO-
mwionaus. O6HapyXeHo, 4To MeTada3HbIe KIETKU MPO-
POCTKOB CeMsIH M3 M3yYeHHBIX momyisuuii Picea abies
comepxat 0—4 B-xpomMocoMbl KaK MeTalleHTPUUECKO-
ro, Tak U cyoMeTaueHTpuueckoro tTuioB. Habmomaercs
U3MEHYMBOCTh 4ucia B-XpoMocoM UM uX TMOSIBJICHMUSI.
Hapsiny ¢ B-xpomocomamu B Metada3HbIX KeTkax Pi-
cea abies BbISIBJIEHbI XPOMOCOMHbIE MyTaluuu — ¢par-
MEHTBl U KOJbLEBbIe XpoMocoMbl. OOCyxKmaeTcsl BO3-
MOXHasl aJanThBHAs PoJib MPUCYTCTBUS B-Xxpomocom y
BUIOB Picea.

O.M. Tawes, T.C. Cedenvrurosa, O.B. Ilinenoe

JOJATKOBI (B) XPOMOCOMHU
Y NONVIALIAX PICEA ABIES (L.) H. KARST.
I3 BAXIAHUX POOOIIIB (bOJITAPIA)

IIpoBeneHo mocnimkeHHsT B-xpomMocoM, BUSIBIEHUX BIEp-
e y Buny Picea abies (L.) H. Karst. Jlnst gaHoro goc-
JIIKeHHST HaciHHS 3i0paHe 3 IBOX moImyJsLiit Picea
abies B 3axinHux Pogonax (bonrapis), 1o po3raiioBaHi
Ha TMiBAEHHOMY KOPIOHi BMIOBOTO apeajy Ta OXOpo-
HSIIOTBCSl BiIMoOBiAHO M0 bepHChKOi KOoHBeHIii Ta u-
pextuBoto €C mpo Miclie po3noBCIOKeHHs. B okpemux
MPOPOCTKaX HaciHHS Picea abies 3HaiiNEHO MIiKCOILIOI-
nito. BusieineHo, 1o MetadasHi KIITUHU MPOPOCTKIB Ha-
CiHHSI 3 BUBYCHMX Monyasuiii Picea abies mictsite 0—4
B-xpomocomu $K METalleHTPUYHOIO, Tak i cyOmera-
LHeHTpU4YHOro ThMiB. CriocTepiraeTbCcsl MiHJIMBICTD YKCIa
B-xpomocom. IMopsin 3 B-xpomocomamu y MetadazHUX
KiiTuHax Picea abies BUSIBICHO XpOMOCOMHI MyTallii —
¢dparmeHTH Ta KiibleBi XpoMocoMu. OOGroBOPIOETHCS
MOXJIMBA afanTUBHA POJib MPUCYTHOCTI B-XxpoMocom y
BuUIiB Picea.
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