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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 Slovenla, the differences being significant and real 
blomctrically. 

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 (l~ear 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. 

S t u d y i n g  B c h r o m o s o m e s  of  rye ,  M~)NTZI~G (1954, 1957, 1958, 1963) 
es tab l i shed  t h a t  th is  c a t ego ry  of  c h r o m o s o m e s  was ra re  or  c o m p l e t e l y  absen t  
in E u r o p e a n  h igh -b red  var ie t ies .  I n  p r i m i t i v e  Asian  rye  popu la t ions ,  col lec ted  
f r o m  possible  cent res  of  the  or igin of  th is  species ( I ran ,  Afghan i s t an ,  Turkey) ,  
B c h r o m o s o m e  f r e q u e n c y  is a h igh  one. Going t o w a r d  the  eas te rn  p a r t s  o f  
Asia (Transba ika l ,  Korea ) ,  f a r t h e r  f r o m  the  cent res  of  the  origin of  rye ,  t he  
f r e q u e n c y  of  th is  c a t ego ry  of  c h r o m o s o m e s  cons ide rab ly  increases  (OI~v)IA 
1952, M i 2 ~ z I ~ G  1957, LEE 1963). 

W i t h  respec t  to  t he  fac t  Mi in tz ing ' s  d a t a  on B c h r o m o s o m e  f r e q u e n c y  
for  E u r o p e  are r e l a t ed  to  h igh -b red  rye  va r ie t i e s  on ly  a n d  t h a t  t he r e  is no 
d a t a  a b o u t  t he i r  f r e q u e n c y  for  t he  E u r o p e a n  p o p u l a t i o n  ma te r i a l ,  we a t -  
t e m p t e d  to  s t u d y  the  f r e q u e n c y  of  t h a t  c h r o m o s o m e  c a t e g o r y  in Yugos l av  
rye  popu la t ions .  We be l ieved  t h a t  such  a s t u d y  should  be  of  in te res t ,  since 
no h igh -b red  var ie t ies  are  ra ised  in Yugos lav ia ,  where  on ly  p r i m i t i v e  or 
s emi -p r im i t i ve  popu la t i ons  exist .  Besides  this ,  r ye  is wide ly  d i s t r i b u t e d  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 L.) 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 cm long, were transferred to special dishes with 0.2 ~ solution of BDH 
colchicine (BATTAGLIA 1957). The pretreatment  lasted for 2 hours. The 
fixation and staining were performed as described by S~ow (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 Podbre~je 
(Slovenia), ~ipa6ina (Serbia), and Karbinei and Peh~evo (Macedonia). 

The B chromosome frequency was lowest in the Lesce population from 
Slovenia (10.00%), and highest in the Peh~evo population from Macedonia 
(54.84 %). Arranged by regions, B chromosome frequencies were from 10-00 % 
(Lesce population) to 32-35% (Podbre~je population) for Slovenia; from 
15.78% (Lisina population) to 48.57% (Inovo population) for Serbia; and 
from 19.35 % (Bogoslovae population) to 54.84 % (Peh6evo population) for 
Macedonia. 

The average number of B chromosomes per plant was smallest in the 
Lesee population from Slovenia (0.13 ~ 0.060), and greatest in the PehSevo 
population from Macedonia (0.97 ~ 0.185). 

I t  is evident 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 OI:NUMA (1952) and ~UNTZING (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 Mt~TZING (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 
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Populat ion 

S l o v e n i a  
P ivka  
Lesee 
Kranj  
Podbre~je 
Zviree 
Kovor 
Postojna 
TrOiS 
Begunje 

S e r b i a  
~ipa6i~a 
Gradac 
Lisina 
Gornja Kamenica  
Inovo 
~esti Gabar 
Gornji Braneti6 

M a c e d o n i a  
Bogoslovac 
Karbinci  
Kiselica 
Trabotovi~te 
Ko6ilari 
Jas t rebnik  
Le~ki 
Peh6evo 
Vladimirovo 

Number  
of p lants  
analysed 

55 
60 
34 
34 
48 
38 
41 
45 
38 

42 
35 
38 
32 
35 
38 
30 

31 
31 
35 
34 
37 
31 
32 
31 
37 

Number  of p lants  with 
B chromosomes 
/ 

0 t 1 2 3 

45 8 2 
54 5 - -  
28 4 1 
23 8 2 
40 4 4 
27 9 2 
29 11 1 
36 9 - -  

3 1  7 - -  

27 12 2 
27 7 1 
32 3 3 

25 5 2 
18 11 6 
29 4 5 
21 4 5 

25 4 2 
16 3 10 
26 6 3 
21 8 5 
26 3 8 
24 5 2 
22 4 6 
14 6 9 
25 9 3 

Average numbe r  of 
B chromosomes per 

p lant  ~ :~ Sx 

% of plants 
with B 

chromo- 
somes 

1 

2 

2 

0.22 • 0.067 
0.13 ~ 0-060 
0.27 -[: 0.114 
0.44 • 0-128 
0.25 ~- 0.086 
0.34 ~_ 0.095 
0.31 ~: 0.082 
0.20 • 0.060 
0.18 ~: 0.064 

0.45 ~- 0.109 
0.25 • 0.086 
0.23 • 0.095 
0.25 ~= 0.105 
0.66 • 0.192 
0.37 -~ 0-116 
0.46 • 0.143 

0.26 ~ 0.103 
0.94 • 0.192 
0.34 ~: 0.108 
0.52 • 0.127 
0.51 ~: 0-139 
O.29 ~: 0.106 
0.5O :L 0.142 
0.97 :L 0.185 
0-40 :~: 0.106 

18.19 
10.00 
17.64 
32.35 
16.66 
28.95 
29.27 
20"00 
18.52 

35.71 
22.86 
15.78 
21.87 
48.57 
23.79 
30.00 

19"35 
48.39 
25.71 
38-22 
29"73 
22.58 
31.25 
54.84 
32.43 

I t  is characteristic that  we found B chromosomes in all our rye populations 
studied (100% -- Tab. 1). The presence of B chromosomes in all studied 
Korean rye populations was also observed by OI~UMA (1952), Mi)~TZING 
(1957), and LEE (1963). On the contrary, using the material from the centres 
of rye origin, M i ~ r z i ~ a  (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 -- 27.10% (Tab. 2). The 
value obtained for Yugoslavia is double as compared with the value found 
by )/IO~TZING (1954, 1957) for some rye populations from Turkey and 
Afghanistan (13.3 % and 14.1% respectively), and with the values calculated 
from his data for Iranian populations (11.9 %). The average value for Yugoslav 
rye populations is rather close to the value reported by Mii~TzI~o (1958~, 



2 0 8  L. ZEt~EVIr DOBRILA PAUNOVI~  

Table 2 
Average frequency of plants  wi th  B chromosomes for the  all Yugoslav rye populations studied 

Category 

Number  of 
populations 

2 

0 7 i 4  5 3 2 0 2 

Total  number  
of populations 

analysed 

1 25 

Average percentage 
of plants  wi th  

B chromosomes 
~ •  s~ 

2 7 . 1 0 •  

1958b, 1963) for a population from Transbaikal (28.2%). On the other 
hand, the average frequency of plants containing B chromosomes is half 
of the value calculated from Mi2NTZI~G'S data (1957) for Korean rye po- 
pulations (about 54% with frequencies ranging from 19.4% to 91.5%) and 
also considerably lower than the value obtained by LEE (1963) for Korean 
populations (between 39% and 53%, with the average value above 40%). 

Table 3 
Number  and  frequency of B chromosomes in rye populations in individual  regions, wi th  d values 

Region 

Slovenia 
Serbia 
Macedonia 
Ent i re  Yugoslavia 

Number  
of plants  
analysed 

393 
250 
299 
942 

Number  of plants  wi th  
B chromosomes 

0 1 2 3 

313 65 12 3 
179 46 24 1 
199 48 48 4 
691 159 84 8 

Average number  
of B chromosomes 
per  p lant  k • Sx 

0,24 _~ 0.027 
0,39 • 0.042 
0,53 ~_ 0.046 
0.38 • 0.022 

% of plants  
wi th  B 

chromo - 
seines 

20-36 
28.40 
33.45 
26-64 

d values for the  ratios: 
(minimal satisfactory value) Slovenia--Serbia  3.01 

Slovenia--Maeedonia  5.47 
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 50 ~ 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, adaptabili ty 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 FaSST (1958) 
for Centaurea 8cabiosa 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). 
I t  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. I t  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. 

I t  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. I t  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 Europe). One 
could, perhaps, part ly accept MffNTZI~G'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 climatic, edaphic and ecological ones in the areas concerned. Mi~TZI~a 
(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 adaptabili ty 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, MO~TZI~G 1963). G~u~ (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. FR6ST (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 l~acedonia) 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, M~TZING (1963) holds that, due to the rigid breeding work, the 
European 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, edaphie and climatic conditions, the B chromosome adaptability, 
the~olerance of formed genotypes to B chromosomes, the interaction between 
gen0types and the environment, and the influence of natural selection. 

Acknowled9ement 

We want  to express our grat i tude to Mrs i~ilanka Djordjevi6 for making  cytological prepara-  
tions and  to Mr Miloje Cvetkovi6 for collecting the populat ion materials.  

Referenees 

BATTAGI~L~, E.: Filogenesi del cariotipo nel genere U r g i n e a .  I - - I I I .  U. m a r i t i m a  (L.) Bs 
U . . f u g a x  (MORIS) STEI~H. ed U.  u n d u l a t a  (Dv.sP.) STEINn. - -  Caryologia 9 : 234---272, 1957. 

BOSEMARK, ~ .  O.: On accessory chromosomes in F e s t u c a  p ra t~ns i s .  I I I .  F requency  and  geo- 
graphical  distr ibution of p lants  with accessory chromosomes.  - -  Hercdi tas  42 ." 198--210, 1967 

Fn6sT, S." The geographical dis tr ibut ion of accessory chromosomes in C e n t a u r e a  scablosa .  - -  
Hereditas 44 -" 75--111, 1958. 

G n u s ,  P.:  Variabil i ty of accessory chromosomes in nat ive  populat ions of A l l i u m  c e r n u u m .  - -  
Amer. J .  Bot. 46 : 218--224, 1959. 

LEE, W. J . :  Frequency and  geographical distr ibution of rye (Secale cereale) with accessory 
chromosomes in Korea.  - -  Genetics Today,  Proc. XI  In tern .  Congr. Genet. Hague,  Vol. 1 : 119 
(Abstr.), 1963. 

LEwis,  H.:  Quant i ta t ive  variat ion in wild genotypes of Clark~a.  - -  Symposium on Genetic of 
Populat ion Structure,  Pavia  (Italy): 114--125, 1953. 

M i ~ z I ~ o ,  A.: Cyto-genetics of accessory chromosomes (B.chromosomes). - -  Proc. I X  Intern.  
Congr. Genet.,  Caryologia (Suppl.) 6 ." 282--301, 1954. 

Mi3z~rzi~o, A.: Frequency of accessory chromosomes in rye s trains f rom I ran  and  Korea.  - -  
Hereditas  43 : 682--685, 1957. 

Mi)~TZI~G, A.: Accessory chromosomes.  - -  Trans.  Bose Res. Inst .  (Calcutta, India) 22 �9 1--15, 
1958a. 

M~TZI~G,  A." A new category of chromosomes.  - -  Proc. X Intern .  Congr. Genet.,  Montreal 
(Canada) Vol. I : 453--467, 1958b. 

M~J~qTZI~G, A.." Effects of accessory chromosomes in diploid and  tetraploid rye. - -  Heredi tas  
49 : 370---426, 1963. 

Ox~c~_,  T.- Karyomorphology of cereals. ~ Biol. J .  Okayama Univ.  I �9 12--71, 1952. 
RICK, C. 1~I., NOTA~I, N. K.:  The tolerance of ex t ra  chromosomes by  primitive tomatoes.  - -  

Genetics 46 �9 1231--1235, 1961. 
S~ow, R.: Alcoholic , ,hydrochloric acid-carmine as a s ta in  for chromosomes in squash  prepara- 

tions. - -  Stain Techn.  36 �9 9--13,  1963. 



B CHROMOSOME F R E Q U E N C Y  211  

L. ZE~EVI~, DOBRIL~ PAUNOVI~, Genetick6 odd61enl ~ s t a v u  pro biologick9 v~zkum, B6- 
lehrad,  Jugoslavie: l~ekvenee B ehromosomh v |ulIosl~ivsk~eh populaeieh ~ita. - -  Biol. P lant .  
9 : 2 0 5 - - 2 1 1 ,  1967. 

Cytologickg~ analysa 25 populaci  ~.ita z Jugoslavie, kter~ byly vybrgmy ve Slovinsku, Srbsku 
a Makedonii, ukAzala, ~ie vo v~ech analysovan:~ch populacich (100 %) so vyskytovaly  B-chromo- 
somy. Po6et p~itomn:~ch B-chromosomfi byl  nizk:~, od 1 do 3, pH 5em~ prfm~rn:~ poser na  
jednu rost l inu so pohyboval  v rozmezl od 0,13 do 0,97. Prfira~rnA 6etnost ~itn~'eh rostl in s B- 
chromosomy byla pro Jugoslavi i  27, 10%. ~etnost  rostl in s B-chromosomy a prfim~rn~r po6ot 
chromosomfi t6to kategorie, vzta~en:~ na  jednu rostlinu, byly zna6n~ v6tw v ar idni  oblasti  
Makedonie ne~ v humidni  oblasti  Slovinska. Rozdily byly reAln4 a v:~znamn~, jak to bylo pro- 
khzAno biometricky. 

P~i hodnocenl fidajd ]in:~eh autorfl o populacich pr imit ivntch asijsk:~eh ~it bylo zjiw 
~e frekvence B-chromosomfl je ni~w v populaclch z oblasti, oznaSovan~ch jako centra p~vodu 
tohoto rostlinn6ho druhu  (Blizk:~ V~chod, Malg~ Asie) a postupn~ so jejich frekvenee zna6n~ 
zvyfiuje s postupom ve sm6ru na  v:~chod (Zabajkali,  Korea) i ve sm~ru na  zApad (Balks 
poloostrov, Jugoslavie). Diskutujl  so mo~n6 p~i6iny zvyfiovs 6etnosti B-chromosomfi v popu. 
lacieh vn6 center pdvodu ~.ita a je zdfiraznSn v~znam jojieh s tudia v z~padoevropsk~eh populacieh 
pr imi t ivnieh forom ~ita. 

JI. 3EqEB•q, ~OnPIL]~. 1-IAYIIoBHq, FencT.uecnoe OT~IeneHHe HHCTrITyTa 6rtonori~qecKrIx 
nccne~IoBaH~fi, Benrpa;[ ,  IOrocJIaB~i: tIaCTOTa B-xpo~oaoMa B mrocaaBcm~x nonyaaImaX 
p r o m -  Biol.  P l a n t .  9 : 205--211,  t967.  

I~Hwoxtor~qecKn~ aHaaH3 25 mrocnaBc~r nony~u~nf i  p ~  n3 CnOBeHHn, CepSm[ Ft Ma- 
Ke~IOHU~ noHaaaa n a a n q n e  B-XpOMOCOM BO Bcex aHaJII43~ipoBaHHhlX n o n y n a ~ n a x ,  q ~ c n o  
B-xpoMoco~ 5~no ne6onbmoe,  OT t 30 3, B TO speMa ~ta~ cpe~nee qncno Ha o~ao pacTenvte 
Koae6anoc~ OW 0,~3 ~o 0,97. qacToTa BCTpeqaeMOCTn p m a ~ x  pacxennfi  c B-xpo~oco~laM;t 
B IOrocnan~H ~OCTHraaa n cpe~ueu 2 7 , t 0 % .  BcTpeqaeMocw~ pacTen.f i  c B-XpOMOCOMaM~ 
a cpe~mee HOJIHtIegTBO XpOMOr ~aHHO~ HaTeFopHH B pacqeTe Ha O~HO pacTeH~e 6h~3~o 
c o~IeBI~I~HOCTt, IO 60~ee B]bICOKHM B cyxofi 30He M a H e ~ o a ~ ,  ~eM Be Bnah~HO~ oSnacT~ Cno- 
Be~gg, npnqeM paan~y~a  Sung  ~IOCTOBepHM n 6noMewpnqec~ onpe~ea.~L 

I Ipn  cpaBHenn,  ~ a n n ~ x  ~pyrHx anTopon, OTHOCHII~IIXCH H IIpHMItTHBIIMM aanaTcI~IfM 
pmaH~g  nonyngKnaM, 5 ~ o  yCTaHOB~IeHO, qTO gac~oTa BcTpe~gBaeMocTI[ B-xpoMocoM 
Ha~5oaee H~aRa B nony~In~I~gx ~3 o6J~acTefi, ~oTop~e CqnTa~OTCa KeHTpaM~ npo~cxom~eHn~ 
aworo Bn~a paCTeH~ (Bnnannf i  BOCTOI~, M a a a a  Aaga) ,  I4 nOCTel]eHHO 3HaqgTeJIbIIO BOa- 
pacTaer ~a~ ~ noc~o~y (3aSafi~an~e,  Hopea) ,  Tag ~ n aana~y (Baana~c~nf~ no~yocTpon, 
IOFocJIaBII;I). 0 6 c y ~ a m T c n  BoaMoTHHKIe IIpHqIIttM ~)TOFO ~BJIeHH;t I~ BbICHaal)IBaIOTC~I MHeItIi;l 
0 BaB~ttOCTH nayqenHa IIpHMHTHBHt,IX aana~noenpone~cn~x  n o n y a a a ~ .  


