BIOLOGIA PLANTARUM (PRAHA)
9 (3) : 205—211, 1967

B Chromosome Frequency in Yugoslav Rye Populations

L. Zr6evié and DoBriLA PauNovié

Division of Genetics, Institute for Biological Research, Beograd, Yugoslavia*

Received June 9, 1966

Abstract. The cytological analysis of 25 Yugoslav rye populations, collected from Slovenia
Serbia and Macedonia, showed the presence of B chromosomes in the all populations analysed
(100%). The number of B chromosomes present was small, from 1 to 3, while the average number
per plant ranged from 0-13 to 0-97. The frequency of rye plants with B chromosomes for Yugo-
slavia had an average of 27-10%. The frequency of plants with B chromosomes and the average
number of that chromosome category per plant were appreciably greater in the arid region
of Macedonia than in the humid region of Slovenia, the differences being significant and real
biometrically.

Comparing the data of other authors for primitive Asian rye populations, it was established
that the B chromosome frequency is lowest in the populations from regions designed as centres
of the origin of this plant species (Near East, Asia Minor), with a considerable successive increase
of their frequency further as well toward the East (Transbaikal, Korea), as toward the West
(Balkan Peninsula, Yugoslavia). Possible causes of the B chromosome frequency increase in
the populations out of the centres of rye origin were discussed, and it was pointed out to the
importance of their study in primitive West European populations.

Studying B chromosomes of rye, MUnTzING (1954, 1957, 1958, 1963)
established that this category of chromosomes was rare or completely absent
in European high-bred varieties. In primitive Asian rye populations, collected
from possible centres of the origin of this species (Iran, Afghanistan, Turkey),
B chromosome frequency is a high one. Going toward the eastern parts of
Asia (Transbaikal, Korea), farther from the centres of the origin of rye, the
frequency of this category of chromosomes considerably increases (OINUMA
1952, Mt~TzZING 1957, LEE 1963).

With respect to the fact Miintzing’s data on B chromosome frequency
for Europe are related to high-bred rye varieties only and that there is no
data about their frequency for the European population material, we at-
tempted to study the frequency of that chromosome category in Yugoslav
rye populations. We believed that such a study should be of interest, since
no high-bred varieties are raised in Yugoslavia, where only primitive or
semi-primitive populations exist. Besides this, rye is widely distributed in
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Yugoslavia, from the extreme NW (Slovenia) to the extreme SE (Ma-
cedonia).

Material and Methods

The investigated experimental material included 25 Yugoslav rye (Secale
cereale 1..) populations, i.e. 9 from Slovenia (north-western area), 7 from Ser-
bia (eastern area), and 9 from Macedonia (south-eastern area).

For germination rye seed was put into Petri dishes on water-wet filter
paper. The dishes were left in the thermostat at a constant temperature
of 23° C. The germinated seeds, in which primary roots were approximately
1-5 em long, were transferred to special dishes with 0-29 solution of BDH
colchicine (BarTacLia 1957). The pretreatment lasted for 2 hours. The
fixation and staining were performed as described by Sxow (1963).

The cytological data obtained was elaborated by standard biometrical
methods.

Results and Discussion

The data on the number and frequency of B chromosomes for the all
Yugoslav rye populations investigated is shown in Tab. 1.

B chromosomes were found in all the Yugoslav rye populations. Their
number was small, ranging from 1 to 3. Three B chromosomes were found
in 6 populations only, viz. in the populations of Lesce, Kranj and Podbrezje
(Slovenia), Sipadina (Serbia), and Karbinci and Pehéevo (Macedonia).

The B chromosome frequency was lowest in the Lesce population from
Slovenia (10-00%,), and highest in the Pehéevo population from Macedonia
(64:849,). Arranged by regions, B chromosome frequencies were from 10-009,
(Lesce population) to 32-359, (PodbreZje population) for Slovenia; from
15-78 9, (Lisina population) to 48-579, (Inovo population) for Serbia; and
from 19-359%, (Bogoslovac population) to 54:849 (Pehéevo population) for
Macedonia.

The average number of B chromosomes per plant was smallest in the
Lesce population from Slovenia (0-13 4 0-060), and greatest in the Pehéevo
population from Macedonia (0-97 - 0-185).

It isevident from Tab. 1 that the B chromosome number in the investigated
rye populations of Yugoslavia was relatively small — up to 3; the small
number of B chromosomes (not exceeding 4) in primitive rye populations
was also found by Omwuma (1952) and MiNTZING (1954, 1957).

The average number of B chromosomes per plant in the investigated rye
populations of Yugoslavia did not exceed 1 (Tab. 1). In the rye populations
from Korea MunNTzING (1957) found that the average number of B chromo-
somes per plant ranged from 0-36 to 2-32, i.e. it was considerably larger
than the one found in rye populations from Yugoslavia (between 0-13 and
0-97 — see Tab. 1).
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Table 1
Number and frequency of B chromosomes in Yugoslav rye populations
Number Number of plants with Average number of % Of Il)llaBnts
Population of plants B chromosomes B chromosomes per cz;:!)mo-

analysed 0 l 1 | 9 ‘ 3 plant x 4 sx somes
Slovenia
Pivka 55 45 8 2 — 0-22 4 0-067 18-19
Lesce 60 54 5 — 1 0-13 4- 0-060 10-00
Kranj 34 28 4 1 1 0-27 4 0-114 17-64
Podbrezje 34 23 8 2 1 0-44 4 0-128 32-35
Zvirce 48 40 4 4 — 0-25 -+ 0-086 16-66
Kovor 38 27 9 2 — 0-34 4+ 0-095 28-95
Postojna 41 29 11 1 — 0-31 4 0-082 29-27
Trzié 45 36 9 — — 0-20 + 0-060 20-00
Begunje 38 31 7 — — 0-18 4- 0-064 18-52
Serbia
Bipatina 42 27 12 2 1 0-45 4 0-109 35-71
Gradac 35 27 7 1 — 0-25 + 0-086 22-86
Lisina 38 32 3 3 — 0-23 + 0-095 15-78
Gornja Kamenica 32 25 5 2 ~- 0:25 -- 0-105 21-87
Inovo 35 18 11 6 — 066 + 0-192 48-57
Besti Gabar 38 29 4 5 — 0-37 4- 0-116 23-79
Gornji Branetié¢ 30 21 4 5 — 0-46 4 0-143 30-00
Macedonia
Bogoslovac 31 25 4 2 — 0-26 4 0-103 19-35
Karbinei 31 16 3 10 2 0-94 + 0-192 48-39
Kiselica 35 26 6 3 — 0-34 4+ 0-108 25-71
Trabotoviste 34 21 8 5 — 0-52 4 0-127 38-22
Kotilari 37 26 3 8 — 0-51 4- 0-139 29-73
Jastrebnik 31 24 5 2 — 0-29 4+ 0-106 2258
Leski 32 22 4 6 —_ 0-50 4 0-142 31-25
Pehdevo 31 14 6 9 2 097 + 0-185 54-84
Vladimirovo 37 25 9 3 — 0-40 4- 0-106 32-43

It is characteristic that we found B chromosomes in all our rye populations
studied (1009, — Tab. 1). The presence of B chromosomes in all studied
Korean rye populations was also observed by Oixuma (1952), MiNTZING
(1957), and LEE (1963). On the contrary, using the material from the centres
of rye origin, MtiNTzING (1954, 1957) found B chromosomes present in some
populations only (Afghanistan, Turkey). The same author found B chromo-
somes in about two-thirds of rye populations collected from Iran.

The average frequency of rye plants with B chromosomes present for all
Yugoslav populations studied is relatively high — 27-109, (Tab. 2). The
value obtained for Yugoslavia is double as compared with the value found
by Muxnrzine (1954, 1957) for some rye populations from Turkey and
Afghanistan (13-39, and 14-1 %, respectively), and with the values calculated
from his data for Iranian populations (11-9%). The average value for Yugoslavy
rye populations is rather close to the value reported by MtNrzing (19584,
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Table 2
Average frequency of plants with B chromosomes for the all Yugoslav rye populations studied

1 Average percentage
Catogory | S |5 |R|88 BT 5|8 |8 Jotw mmber | of plants with
| o| ulv ; uL e:i’ \J:: <:|> mlo g analysed B chromosomes
w sl |A | A&l | |w !B Y X 4 8%
Number of
populations 110(7|4j5 (3|2 021 25 27-10 + 0-43

1958b, 1963) for a population from Transbaikal (28-29(). On the other
hand, the average frequency of plants containing B chromosomes is half
of the value calculated from MunTzing’s data (1957) for Korean rye po-
pulations (about 549, with frequencies ranging from 1949, to 91-59,) and
also considerably lower than the value obtained by Ler (1963) for Korean
populations (between 399, and 539, with the average value above 409,).

Table 3
Number and frequency of B chromosomes in rye populations in individual regions, with d values
; 9% of plant
Number Number of plants with Average number % of %81‘;’" S
Region of plants B chromosomes of B chromosomes c‘;';;zmo-
analysed 0 ' 1 l 9 ’ 3 per plant X + sx Somes
Slovenia 393 313 65 12 3 0-24 4- 0-027 20-36
Serbia 250 179 46 24 1 0:39 4 0-042 28-40
Macedonia 299 199 48 48 4 0-53 L 0-046 33-45
Entire Yugoslavia 942 691 | 159 84 8 0:38 + 0-022 26-64

d values for the ratios:

(minimal satisfactory value) Slovenia—Serbia 301
Slovenia—Macedonia 547
Serbia—Macedonia 2-26

In Tab. 3, where the data for Slovenian, Serbian and Macedonian areas
according to the population groups are shown, one observes clearly the
increase both in the average percentage of plants with B chromosomes and
the average number of that chromosome category per plant from Slovenia
through Serbia to Macedonia. The data indicates that the B chromosome
frequency and its average number per plant is lower in the populations
from Slovenia, a typical forest region with more than 509, of conifers and
with humid Atlantic (Central European) climate, than in the populations
from Macedonia, a region of unstable forests with continental and arid
climate. At the same time, these results clearly indicate the importance of
climatic-ecological factors for frequency, adaptability and maintenance of
this chromosome category in the genotypes formed under the existing
environmental conditions. Besides this, it is necessary to emphasize that
the differences in the average number of B chromosomes were biometrically
real and significant for the ratios: Slovenia — Serbia and Slovenia — Mace-
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donia. The reduction of B chromosome frequency under the influence of
humid climate, as its increase in arid climate was reported by Frosr (1958)
for Centaurea scabiosa and Lewis (1953) for Clarkia.

The existing data concerning the primitive rye populations studied
up to now indicates that the frequencies of populations and plants with
the presence of B chromosomes are the lowest in the regions designated as
centres of the origin of this plant species (Near East und Asia Minor). These
frequencies increase largely and successively toward the East (Transbaikal,
Korea) and appreciably toward the West (East Europe — Yugoslavia).
It seems that farther from the centres of the rye origin both toward the East
and the West, B chromosome frequency in primitive populations also incre-
ases, viz. there appear genotypes tolerant to an increased number of that
category of chromosomes. This fact has been obviously confirmed by data
obtained for primitive Asian rye populations. The data for Europe is not
yet sufficient, since it is related to Yugoslav populations only. It would
be interesting, therefore, to study B chromosome frequencies in West
European rye populations where, theoretically, one could expect an increase
of frequency of supernumerary chromosomes taking into account the data
obtained for Yugoslav populations.

It is difficult to establish precisely the causes of such high concentrations
of B chromosomes in primitive rye populations outside the region of origin
centres of this plant species. It is also difficult to explain the causes of their
successive increase from the centres of origin both toward the East (Far
East in Asia) and toward the West (Balkan Peninsula in Kurope). One
could, perhaps, partly accept MUNTZING’S opinion (1957) that the B chromo-
some concentration is “only a consequence of historic factors during the
distribution of the species Secale cereale” (p. 684).

The B chromosome concentration in primitive rye populations is obviously
controlled by a complex of conditions, the most important among them
being climatie, edaphic and ecological ones in the areas concerned. MUNTZING
(1963) thinks, therefore, that the ecological and climatic conditions in Korea
are more favourable for the adaptation and maintenance of B chromosomes
in rye populations as compared with the conditions in other regions. Besides
this, a high adaptability of B chromosomes and the tolerance of genotypes
formed toward the increase of B chromosome frequency are important for
their high concentration and maintenance (LEwis 1953, Rick and NOTANI
1961, MU~NTZING 1963). GRUN (1959), however, presented a view that any
population must be regarded as a balanced environmental-genetic system.
Hence, B chromosomes are present and their genes benefit only when they
appear with specific A-chromosome genotypes and under specific environ-
mental conditions. FrROsT (1958) thinks that the differences in average eco-
logical conditions could be accepted as an indication that the variation in
B chromosome frequency among populations of various regions is a result
of unequal selective values of plants with and without B chromosomes under
various environmental conditions, i.e. a result of the interaction between
environmental (ecological) conditions and genotype constitution of the
plants. He is of the opinion, therefore, that under determined ecological
conditions one must adopt the existence of natural selection in favour of
plants with B chromosomes (e.g. in the continental climate with a low
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humidity, as in populations of Macedonia) and, under other conditions, the
existence of a natural selection in favour of plants with a smaller number
or absent of B chromosomes (more Atlantic climate and high humidity, as
in the populations of Slovenia). Similar views on the role of natural selection
are presented by BoSEMARK (1956).

Finally, Mto~TzING (1963) holds that, due to the rigid breeding work, the
Furopean rye varieties either have a low frequency of B chromosomes or
none at all. He regards, therefore, that a rigid selection of high fertility is
an important factor in the reduction or complete absence of B chromosomes.

In any case, it could be concluded that for the conservation and the high
frequency of B chromosomes, as well as for their distribution in primitive
rye populations, a complex of factors is responsible, the degree of their
expression being dependent on their interactions. Such a complex includes
ecological, edaphic and climatic conditions, the B chromosome adaptability,
the tolerance of formed genotypes to B chromosomes, the interaction between
genotypes and the environment, and the influence of natural selection.
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L. Ze¢EVIS, DoBRILA PAUNOVIC, Genstické oddSleni Ustavu pro biologicky vyzkum, B&-
lehrad, Jugoslavie: Frekvence B chromeosomii v jugoslavskych populacich zita, — Biol. Plant,
9 :205—211, 1967.

Cytologickd analysa 25 populaci Zita z Jugoslavie, které byly vybrény ve Slovinsku, Srbsku
a Makedonii, ukdzala, %e ve viech analysovanych populacich (100 %) se vyskytovaly B-chromo-
somy. Potet pfitomnych B-chromosomt byl nizky, od 1 do 3, pfi ¢em? pramérny polet na
jednu rostlinu se pohyboval v rozmezi od 0,13 do 0,97. Pramérnd detnost Zitnych rostlin s B-
chromosomy byle pro Jugoslavii 27, 10%. Cetnost rostlin s B-chromosomy & primérny podet
chromosomu této kategorie, vztafeny na jednu rostlinu, byly znaénd vétd{ v aridni oblasti
Makedonie nez v humidni oblasti Slovinska. Rozdily byly redlné & vyznamné, jak to bylo pro-
kézano biometricky.

Pii hodnoceni udaji jinyeh autortt o populacich primitivnich asijskyeh Zit bylo zjidténo,
%e frekvence B-chromosomu je niZsi v populacich z coblasti, oznadovanych jako centra pavodu
tohoto rostlinného druhu (Blizky Vychod, Mald Asie) a postupnd se jejich frekvence znaéns
zvySuje s postupem ve sméru na vychod (Zabajkalf, Korea) i ve sméru na zdpad (Balkansky
poloostrov, Jugoslavie). Diskutuji se mo#né piitiny zvySovéni Setnosti B-chromosomi v popu.
lacich vné center puvodu Zita a je zdirazndn vyznam jejich studia v zapadoevropskyeh populacich
primitivnich forem Zita.

JI. 3euenny, ospmiaa IlavHoBnd, Peneruveckoe orgenenue Hmcruryra GuosormyecKux
uccaemosanmit, bearpan, I0rocmasna: Yacrora B-xpomosoma B 10roc;iaBeKuX MOMYIALAAX
pxn. — Biol. Plant. 9 : 205211, 1967.

mroslorugecknit ananua 25 0rocaaBekux nonyaauni psu u3 Crosennn, CepOun u Ma-
KelOHMK TNOKa3aJl Hajwdane B-XpoMocoM Bo BeeX aHANM3MPOBAHHHWX nomynanusx. Ymcno
B-xpomocom Guio HeGodbinoe, or 4 go 3, B T0 BpeMs Kak cpefHee THCIIO HA OQHO pacreHde
ronebamoce ot 0,13 o 0,97. Yacrora BcTpeuaeMoCTn PrKaHHIX pacTeHuit ¢ B-xpoMocoMaMm
B lOrocnmasun mocturana B cpemuem 27,109%. Berpewaemocts pacrenmit ¢ B-xpomocomamn
B cpefHee KOJMYECTBO XPOMOCOM JAHHOM KATErOpMM B pacdeTe HA ONHO pacreRme ORLTO
¢ O9eBHAHOCTBIO G0iIee BLICOKNM B cyxoil 3ome Maxexonwmu, ueMm Bo BiamuOR obmacte Cio-
BeHWH, npryeM pasjuausa ObuIn JOCTOBEPHE! ¥ GMOMETPHYECKH OIpefesIMMuL.

IIpn cpaBEeRmNM JaEHEIX APYIHX aBTOPOB, OTHOCAMMXCA K HIPHMHETHBHEIM a3WATCKAM
PRAHBIM TOmyJALEAM, OKJIO YCTAHOBJICHO, YTO 9acTOTA BCTpeymBaeMocTH B-Xxpomocom
Hambo.lee HU3KA B NONYIANUAX U3 06mactell, KOTOPHIE CINTAIOTCA HCHTPAMH IPOHC X0 ICHAS
aroro smja pacremmi (Bimsxuit Bocror, Manaa Asms), M NOCTCHEHHO 3HAYATENLHO BO3-
pacraer Kak K Bocroky (3abGaiikanne, Hopes), Tak m k 3anany (Bajkasckumil mosryocTpos,
IOrocnasusn). OGeyKmanTca BOSMOKHEE IIPAYAHEL 3TOC0 ABJICHUS X BRICKA3KBAKTC S MACHAS
0 BR)KHOCTM M3YYCHHA NPMMWTHBHHIX 3aaJHOEBPONEHCKUX MOMyJALMi.



