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ABHRACT. The study of 40·chrom oso me progeny of th e breed ing material for establis· 

hing a monosomic series in Avena sariva cv. Manod (2n = 6x = 42) by backcross ing it 
with A. sativa cv. Borreck GMt·t, revealed the presence of 19 biva le nts a nd 2 univa· 
lent s in a ll the pollen mot her cell s (PMCs) of Av . 56213141/5 3 as compared to normal 

20 bivalents pe r PMC. It is highly likely th at the o riginal mo nosome (Satellite-2, Hafiz 
1978) has undergone mon osomic shift. Furthermore, it disturbs o the r homoeo logous 
chromosomes because of grea ter affinit y co mpared to the homologous partner. The 
paper also discusses the implica ti on of monoso mic analysis for gene· chromoso me asso­
ciation in practical plant breeding. 

Through monosomic analysis, several genes have successfully been located on spe­
cific chromosomes of crops such as wheat (Triticum sp.) and Avena sativa L. 
(Metzger and Silbaugh 1970, Morris 1973, Bares and Kosner 1975, Hafiz and Larik 
1981 , 1982, 1983). A gene associated with a particular chromosome can easily be 
transferred using the monosomic system (Sears 1953). It is recommended , howe­
ver, that the derived progenies be periodically analyzed cytologically to ensure the 
absence of monosomic shift (Hafiz 1978) . 

During the course of a back crossing program that was initiated primarily to 
(a) establish a monosomic series in the genetic background of A. sativa cv . Sun II , 
and (b) to use the newly produced monosomics to establish gene-chromosome 
associations, an opportunity was provided to study in some detail the problem of 
monosomic shift. 

This paper describes the results of such a study. 
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Material and Methods 

The 42- and 41-chromosome plants and their derivatives used belong to the 
common oat, Avena sativa (2n = 6x = 42) . Their sources and the schedule of the 
backcrossing program used has been reported earlier (Hafiz and Thomas 1978). 
Monosomic (2n = 41) individuals were allowed to self-pollinate and all progenies 
with 40-chromosomes were grown to maturity to confirm their nullisomic status . 

The staining procedure for mitotic and meiotic studies adapted was that descri­
bed by Snow (1963) . 

Results and Discussion 

The loss of either a single chromosome (monosomy) or of a homologous pair 
of chromosomes (nullisomy) usually disturbs the genetic behaviour of an organism . 
The mature 40-chromosome plants initially obtained from the progenies of seJfed 
monosomics were generally dwarf, feeble, and sterile with a reduced panicle size 
as compared to monosomic and disomic plants. The phenotypic similarities were 
uniform within and between families of Manod and Borreck GMl-1 series (Hafiz 
and Thomas 1978) , however, in BCF1 hybrids, all siblings resembled one another 
and exhibited 20 bivalents (Plate 1) . The only exception was provided by Av 
562/3/41/53 which possessed 19 bivaJents and 2 univalents (Plate 2). 

A particular monosome, would be in a different genetic background compared 
to another monosome belonging to same genome and consequently the behaviour 
will also be different in making the other chromosomes desynapse (Hafiz 1978) . 
In the present study, the SAT-2 chromosome, that is responsible for monosomy 
in Borreck GM1-I , made two of the twenty pairs to desynapse (Plate 3) and 
behave as lagging chromosomes. The reason could be that in hexaploids each gene 
locus is triplicated and the monosome tends to pair with a homoeologous chromo­
some . The incidence of dimonosomics (2n - 1 - 1 = 40) in present study points 
to the fact that such meiotic disturbances could lead to the occurrence of monoso­
mic shift (Plate 2). Such phenomena have also been recorded by Person (1956) in 
wheat , Hacker and Riley (1965) in oats , and Larter and Shigenaga (1971) in triti­
cale. 

That the incidence of univalent shift is more likely to occur in the earlier, 
heterozygous genotypes, is further supported by the present investigation in which 
the phenotypic expression within families was more uniform in later backcross 
generations as compared to earlier ones. However, it can be rather difficult to 
detect the occurrence of monosomic shift unless definite genetic and/or cytogenetic 
markers are identified specific for the particular chromosomes involved. 

As suggested earlier (Hafiz and Larik 1982) the breeding program should 
always be associated with cytological examination of the breeding material to avoid 
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Plate 1. BCFt hybrid showing 2011 at metaphase . 


Plate 2. Dimonosomic (2n - 1 - 1 = 40) Av 562/3/41/53 of BCFt showing 19n + 2t at metaphase. 


Plate 3. Showing 5 dividing univalents at anaphase . 
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varied complications , the most important of which is the univalent-shift. The in­
complete series of monosomics of A. sativa is an another limitation in this respect. 
It has been suggested that several factors affect the frequency of aneuploidy in the 
progenies derived from aneuploid parents (Khush 1973, Larik 1981) . These include 
the loss of univalents during gametogenesis, certation effect of the pollen tubes 
from euploid and aneuploid pollen grains, and the differential viability of different 
zygotic combinations. The direction in which the cross is made can also differen­
tially affect monosomic frequencies (Siddiqui 1972). As a result of one or more of 
these factors, n-1 gametes are produced in a disproportionately high frequency. 
As a result, chromosome numbers ranging from 38 to 44 were observed in the 
material under study, therefore the possibility of univalent-shift cannot be excluded 
(Person 1956). 

The occurrence of univalent shift unless detected by routine cytOlogical 
analysis, can obviously introduce errors into the monosomic analysis method for 
gene mapping. Furthermore, as in the present study, the occurrence of a double 
monosomic in the BCF I progeny, clearly points to the need for a cytological exami­
nation of each (or at least, alternate) backcross generations to ensure that the 
desired monosomic is being transferred. For the successful application of the 
monosomic technique in the transfer of a specific monosome, it is essential that 
cytological analyses be conducted concomitantly with the breeding program. 

References 

Bares, I. and Kosner, J. (1975) Location of genes controlling some characters in the spring 
wheat variety. Zlatka by monosomic analysis, EuphYlica 24: 557-567. 

Hacker, J .B. and Riley, R. (1965) Morphological and cytological effect of chromosome 
deficiency in Avena saliva, Can. 1. Genel. CylOl. 7: 304-315. 

Hafiz, H.M.I. (1978) Incidence of univalent shift and association of asynaptic gene with 
Sat-2 of A vena saliva, Biologia 24: 45-52. 

Hafiz, H.M.1. and Larik, A.S. (1981) Gene-chromosome association for pubescence on the 
secondary floret of Avena sativa L. , Genet. agr. 35: 187-190. 

Hafiz, H.M.I. and Larik, A.S. (1982) Association of gene for grain color with monosome 
XIV of Avena saliva L., Euphytica 31: 93-95. 

Hafiz, H.M.I. and Larik, A.S. (1983) Determination of gene-chromosome association for 
mildew resistance to race 2 of A vena sativa L., Pak. 1. Bot. 15: 39-42 . 

HafIZ, H.M.I. and Thomas, H. (1978) Genetic background and the breeding behaviour of 
monosomic lines of Avena saliva L., Z . PflZuchl. 81: 32-39. 

Khush, G.S. (1973) Cytogenetics ofAneuploids, Academic Press, N. Y. and London, p. 301. 
Larik, A.S. (1981) Inheritance of chromosome deficiency and duplication in Avena sativa 

L., Genelica 54: 251-260. 
Larter, E.N. and Shigenga, S. (1971) Further evidence on the derivation of univalents in 

hexaploid triticale, Can. 1. Genet . CylOl. 13: 895-898. 
Metzger, R.J. and Silbaugh, B.A. (1970) Location of genes for seed coat in hexaploid 

wheat, Trilicum aeslivum L. , Crop Sci. 10: 495-496. 



713 Univalent Shift - A Prob lem in Monosomic Analysis for . 

Morris, R. (1973) Summary of wheat genes on chromosomes and chromosome arms by 
aneuploid or other method, EWAC Newsl. 3: 74-83. 

Person, C. (1956) Some aspects of monosomic wheat breeding, Can. 1. Genet. Cyto!. 34: 
60-70. 

Sears, E.R. (1953) Nullisomic analysis in common wheat, Am. Nat. 87 : 245-252. 
Siddiqui, K.A. (1972) Extraction of ancestral constituents of na tural polyploids . IV . Fre­

quencies of pentaploids (AABBD) followin g backcrosses to hexaploid strains of 
Triticum (AABBDD), Hereditas 70: 265-270. 

Snow, R. (1963) Alcoholic hydrochloric acid-carmine as a stain in squash preparations, 
Stain Techno!. 38: 9-12. 

(Received 04102/1984; 
in revised form 1210511984) 



714 H.M.I . Hafiz el al. 

~~ ~w..., - ~)I i"'-'.J"'J.}JI JU::;I 

~I'; ~j :.r ~)I i"'-'.J"'J.}JI !l~ 
i"'-'.J"'J.}JI ~ ~I~ 

J+..a.II ~ ~Y- f. .!J/~ )L.JI ~ f. V"'~I ~ .wl> 
..!lLl1 .t....~ - -iNI ~& ~G;JI .t)5' -~WI c.bl ~ 

~~~/~~/~/-~/-~ 

~U\.., ~JjJ-AJ.? f· J ~u..1 j-JI ~I.J.) ~.) 

U..r-J1~I J' A. Saliva J ~.;--ll C=,,-.r~1 J' 

Borreck GM-I-1 u.rll ~I t: (2n = 6x = 42) Manod 

e\..,j~1 .)~ J ~r'y"J.? 01JJI ~ J~ ..!..lJ':'J 

. (2n - l) I..l>-IJ ~ 

~ .!Jl.J, 0\ ~J\ ~r'y"J.?J1 w~JI;-:J1 

~~ irYJ'? ~I .)"u"j w~ elJ) ? 
c.LWI ~r.d- ~I ~J\;ll J' ~ J5 J c::jyjl ,-:?.)Ijl 

JI ~).il~ ,-~lbJ Av 562/3/41/53 ~y-ll Ul;-:JI w~ 

. wliL:J1 ~ U j J.rJ ,-:?.)WI JL.:JI 01JJ';I1 

Jj ~UI ~r'y"J.r>J1 01JJ';I1 0~ ~I J' 


JI tS.)\ Jj J~I ~ ~J f...,..>1 t: J.)~I ~~ J\ 

~IJ ~jJl ~rYJ.?J1 elJj)U ~WI ilk.; ~ 


elJ) J I ~.JW~ ~ ;uj~1 ~ JI tS~ Jj ..!..lJ':' J 

. ~jJl 4.:y'~1 wlorYJ.r>J1 



715 Univalent Shift - A Problem in Monosomic Analysis for . 

~y~j..,s:J1 01;';)\.1 yW ~~I Ih 

~1.J"i iy~j.?J1 ~ ~I ~ ~~ ci~j ~UI 
. ~I ul:;l7J1 ~; 


