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Abstract: Inherilance of length of growing pet'iod (days front transplanting to the beginning offlowering)
was investigated by crossing Basma tobacco variety with shorter groving period and VelikiHercegwac
varigty vtith longer growing periocl. It could be statetl that all plants in F1 generation.began theirflowering
in the same time vith parental variety wilh shorter grotving period. Fron the self-potlinated lybrid
indivi&nls of F1 generatiorx 3/4 of plants in F2generation hacl short grotving period (tmder the influence of
dominant allele) and l/1 of planls had long gro,,';ing period under the influence of recessive attete. Sptit
ralio was 3.1 ancl.fi'equencies distrihulion yvas ctssessed by K (chi-square.) tesl.

Knotving lhat hreedingutork oflen imposes the use of charcrcters inherited in a rnonoltybricl recessive mode,
we made efforls to use lhis type of inheritance in creation oJ'new, ntore procluclive tobacco genolypes with
longer growing period compared to the early maturing variety, preserving in lhe sane time ils quality
features. Transmission of this recessive trait hy the backcross method tvill be also presented.

Keywords: oriental lobacco, growing period, recessive inheritance, monohybrid - Ft, F, and Fj
generation, backcross BCt, BCtand BC:

1. INTRODI]CTIoN

ln hybridization process, genetically stable parental components. according to Mendel. always
have allelomorphic, i.e. allelic characters, which are homozygous and have AA or aa alleles
(Borojevic S., Boro.ievic K., 1976; Stojkovski C., Ivanoska 5., 2002, etc). These organisms
produce one type of gametes. By merging the gametes with different alleles from both parents, the
first hybrid generation (F1) is obtained, the progeny of which is heterozygous (Aa). Hybrid units
of this progeny are equal with regard to the character invesiigated, in accordance with the First
Mendel's Law, i.e. the priuciple of uniforniity of Flindividuals. F1 hybrid self-pollinate to create
F2 generation, in which segregation of chalacters in certain phenotypic and genotypic ratio is
made, in accordance to the Second Mendel's Law on segregatiou in Fr generation(Cenchevl980,
Marinkovicl9S2,Gershensonl983, Ayala F. j., Kiger i.A.1984, Dirnitrieski, Miceska 2014 etc.).
ln modern selection. hybtidization is the rnost appropriate rrethod for creation of the necessary
diversity of initial breeding material fi'om which new varieties of plants can be created and
stabilized.

ln selection work and hybridization, sornetimes it is necessary to preserve some properties that
have a recessive trait. The goal of our investigations was to show practically the model of
monohybrid recessive inheritance and stabilization of the trait iength of the growing period, in
hybridization of the oriental varieties Basrna (with short growing period) and VelikiHerzegoyae
(with long growing period), as well as transnrission of this tfait via the backcross method.

2. M,'rTtRtlrL AND METHODS

The trials were set up on the Experimental field of Tobacco lnstitute Prilep in 2008.
Basma tobacco (with short growing period) and Veliki Herzegovac (with long growing period)
were used as starting material for hybridization. [n Basma variety, the length of growing period
from planting to flowering was about 55 day,'s and f}om planting to the end of maturation of top
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leaves 95-110 days. ln Veliki Herzegovac, it was about 120 days lrom planting to flowering and
over 180 days from planting to the end of maturation of top leaves (Uzunoski, 1985). The
selection of parental varieties was made in accordance with the results of previous research. The
crossing process was performed in 2008, with varieties Basma as a mother and Veliki
Herzegovacas a father, by the rnethod of interspecific hybridization and according to the Mendel's
laws of heredity, using the pattern of monohybrid recessive inheritance of the observed trait
(Scheme 1). Flprogeny was obtained in 2009, Fr and Fzin 2010 and F3in 2011. The Fz generation
was monitored for cleavage (segregation) of the trait and distribution of frequencies was
determined by the chi-square (12) test (Ayala F.J., Kiger J.A., l984).statistical analysis of
cleavage in F2 generation was obtained from the ratio between the actual (empirical) and
theoretical values. according to which the probability P is estimated in case when deviation is
regular, using the Fisher's table. In agricultural science, the p-value is arbitrarily taken as equal to
0.05.

Transmission of the recessive trait long growing periodin Basma variety (with short growing
period) was performed by backc;ossing of the hybrid progenies of F1, BC1, BC2 and BC3
generations with the dominant parent, applying a suitable scheme fbr transmission of the observed
trait (Scheme 2). Hybrid progenies of F1. F2 and F3 generations, as well as the progenies of
backcross generations BCr, BC2 and BC3 were grown on suitable area and with sufficient number
of individuals, in accordance with requirernents of the br'eeding program.

3. RNStnrS ANO DISCUSSIoN

3.l.Monohybrid Recessive in heritance of the Trait Length of the Growing Period

The process of hybridization stafied by crossing the oriental shorter-growing variety Basma (AA)
as maternal component and semi oriental longer-growing variety VelikiHerzegovac (aa) as
paternal component. In hybrid progeny of F1 generation heterozygous, phenotypic ally uniform
individuals (Aa) with respect to the investigated character were obtained. All hybrid individuals
had a short growing period, i.e. they flowered almost sirnultaneously with the parent with shorter
glowingperiod, which indicates that this alternative character (allele) is dominant, and the longer
growing period is recessive. Gornik (1973) reported that the period required for flowering
sometimes appears as a dominant and sometimes as recessive character, depending on the
varieties taken for hybridization. Such mode of inheritance of the length of growing period was
also statedby other authors. Thus, Chinchev (1979), usingthe top-cross method in his analysis of
F1 hybrids, reported the lowest GCA value fbr the character days to flowering in oriental varieties
Krumovgrad 988 and Plovdiv 7, as well as in Virginia varieties NC 2326 and Mc Nair 20, i.e.
they had a shorter growingperiod, while longer growing period was observed in Virginia varieties
1349 and Coker 2521. Stankev (t987) reported the highest CCA value in varieties Krur-novgrad 90,
Rila 544 and line 202-Ia, i.e. those varieties showed the best GCA, i.e. longer growing period,
regardless of the change of varieties that served as a tester. He also sLrggested ihat varieties
Sandanski 321, No 888, Rila 9, Plovdiv 7 and Struma 75 can be used in cases where shorter
growing period is required. Bogdanceski (1984), in his three-year in vestigations of various
hybrid combinations, reported differences in the inheritance of the character length of the growing
period until 50% of flowering. Thus, Prilep x Nevrokop 261 and Prilep x Pazardzik l7 and their
reciprocal "crossings showed dorninant inheritance of this character, i.e. all plants flom F1

flowered simultaneously rvith the valiety Prilep (rvith shortel growing period), and other hybrid
combinations showed interrnediate inheritance.

Tabfel. Ratio behveen the plants with short ancl long growing period in hybt'id combination Basma x
VelikiHerzegovac. .

Variants

Number of plants in F'
generation

x' P
rvith short

grorving period
rvith long

grorving neliod
Investigated individuals experimental fieures(e) 2t9 87

x2:Ltl2/t

v2:l 9)
0,05=3,84

Expected individuals theoletical Irgules(t) 229.5 76.5
Deviation (d) I 0.5 r0.5

d' r 10.25 I 10.25

d'tt 0,480i I .441 1
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From self-pollinated hybrid individuals of F1 generation, phenol tpically different plants were

derived in a ratio 3: 1, i.e. 3 plants (75Yo) are with shorter growing period and I plant (25%) is

with longer growing period. The results of statistical analysis (Table l) of plants with short / long

growing period ratio in F2 progeny showed that the oretically expected segregation (3: i) was

obtained. Since in our case the ca.lculated value otX::1.92 does not exceed the Table value for
P:0,05 (3,84), it means that actually obtained segregation is in compliance with theoretically

expected3: lratio.

Accordingly, it may be concluded that division (segregation) of the investigated character was

observed in F2 generation, where the theoretical ratio of the genot)?es (presented on Scheme 1)

was: lAA: 2Aa'. laa, i.e. 15o/o of the plants in this hybrid progeny had short growing period (Aa

and AA) and25o/o were homozygous, with long growing period (aa). Most of the plants (75%) of
Aa and AA genotype with short growing period were not grouped by their time of flowering,

because the subject ofour investigations was the recessive character long growing period (aa).

The plants with long growing period obtained in F2 (Figurel) pfogeny undoubtedly indicate that

even in this generation we derived hontozygoLrs plants in relation to this recessive character. ln

order to confirm with certairrty the lesulting genotype with long growing period in the hybrid
population, 6 of the plants were selected and isolated (for self-pollination) in accordance with the

intended aim of investigations. These plants were nsed to create specific progenies in F3(F igure 2)

generation and after inspeciion it was determined that all hybrid individuals of the investigated

progenies had a iong growing period, which indicates that they are homozygous with respect to

this character. Hence, it can be concluded that this character was permanently incorporated into

their genome. Our next goal in selection will be to consoiidate these progenies with other desired

morphological, productional and qualitative characters

:.i ar

Figl. (Plot 169)

Fig2. (PIor 1701
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3.2. Inheritance of the Length of Growing Period of Tobacco by Backcross Method

As stated before, the progeny of the hybrid Basnra x VelikiHerzegovac in F' generation gives
heterozygous (Aa) phenotypic ally unitbrm individuals with short growing period which bloomed
almost sirnuitaneously r.vith the variety Basma. From each Flprogeny (Aa), three well developed
uniform plants were selected and then backcrossed with a pollen from the dominant parent -
recipient variety (AA). In the progeny of the first backcross generation BCl(second year) only
one phenotype was obtained (with short growing period), and two genotypes (AA and aA) in a
ratio of l:l (Scheme 2). Since the recessive trait is not manif'ested in backcross with dominant
parent, fbr identiflcation and rnonitoring of heierozygous individuals (Aa) of the BC1 generation
20 plants were selected randorrily, of which l0 flowers were pollinated with the parent with
shorter growing period (AA). The other flowers of the cluster in each plant were left to self-
pollinate in special isolator. Seeds of the self-pollinated flowers and of the flowers poltinated with
dominant parent (AA) tiorn each plant were kept in separate bags and labeled with plant's ordinal
number. ln BC2 generation (third year) we nronitored the trait long growing period of the
progenies obtained fiom the self-pollinated florvers of individLral plants. Identification of the long
growing period in these progenies sr-rggests that the plant fi'om which the seed was taken is
heterozygous (Aa). This convinced us that the progenies obtained fi'orn pollinated flowers (Aa x
AA) wiil also give heterozygous plants (Aa) rvhich contain the trait long growing period in their
genome. Therefore, only fi'om this hybrid cornbination, 20 plants were selected randomly once
again and they were backcrossed (10 flowers) with the dominant parent. In the lburth year, the
selection procedure was perforrned in the same manner as in the third year, first determining the
heterozygous progenies (Aa) obtained t o* r.1l--pollinated flowers of hybrid individuals in which
cleavage with plants with long growing period was present. In the same manner, the progenies of
the pre-determined heterozygous hybrid individr-rals received from the pollinated flowers
backcrossed with the donrinant parent (AA) u,ere in BC3 generation and they rvere considered as
Fr generation. For these progenies appropriate selection procedure was applied, fbllowing the
model of monohybrid recessive inheritance according to Scheme l. From the most typical
progenies (BC3 generation - F1), which were phenotypically uniform and most similar to the
recipient variefy (Basma), seed rvas taken fi'om 25-30 self-pollinated progenies in the current
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Recessive Inheritance of the Length of Crowing Period
and Backcross Methods

Some Oriental Tobaccos bv Monohvbrid

year. The next (flfth) year,25-30 progenies in BC3 generation - F2 were grown from the seed of
these plants. They were used for selection of progenies typical for the recipient variety, which
consisted only of plants with long growing period (aa), showing absolute homozygosiry with
respect to the studied trait.

According to Cornik (1913), the receivel variety can be renewed with less than 6 backcross
generations, which depends not only on the plants selected for backcrossing but also on the
parents used in investigation. It should be also mentioned that the resistance to diseases to some
varieties is more easily transmitted than to others. The same author (quote from Lukas, 1965),
reported that oniy two back crossings will be enough for transmission of the resistance to blue
mold, by further use of the method of individual selection, with obligatory testing of the
progenies obtained from the selected resistant plants.
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4. CONCLUSIoN

Research was made on the recessive inheritance of the trait length of the growing period by the
methods of monohybrid and backcross hybridization, perfbrrned with varieties Basma (with shorr
growing period) and VelikiHerzegovac (with long grorving period). The obtained results lead to
the following conclusions :

. The trait long g'owing period has a monohvbrid recessive mode of inheritance.

' The recessive nature of the investigated trait nrakes the selection process more complicated
because it doesn't appear in F1 generation. Therefore, it is necessary to transplant higher
number of plants (over 150) in F2 generation, to achieve higher probability for determination
of plants that are carriers of this trait.

. Monohybrid recessive inheritance of the trait from the parent with long growing period will
allow plant breeders to obtain hornozygous plants (aa) even in F2 generation, and the trait can
be easily controlled because flowering is a visible biological characteristic.
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. The applied Scheme I is simple and, along with monitoring the growing period, it allows
parallel selection of hybrid individuals with respect to other quantitative and qualitative traits.

r The backcross method, accompanied by appropriate breeding procedllre, ailows completely
controlled and successful transmission of this recessive frait in oriental tobacco varieties.

. Scheme 2 applied in our research is a very practical and effective model for transmission of the
recessive trait long growing period and it can be used ibr transrnission of this trait in other
varieties without negative irnpact on other quality traits. lt can be alsousedfor transmission of
some other traits inherited in a rnonohvbrid recessive mode.

RBrsRsrces

lll Ayala, F.J.Kiger, J.A. (1984). Modern Genetics. The Beniamin Cummings Publishing
Conrpany, Inc. Menlo Park, California

t2l Eor.qaHqscxti, M. (1984). I,lcnumyeame Ha xenxepomltalHom e(texm xctj trarcedotcrcume
munollt mvmvH. ,{oxropcxa 4uceprauuja, YHlreeprurer "Cn.Kltpti:r ri MeroAHj"
3entj ogelcxu rpaxy:rrer- Cxonje.

Borojevii, S. Boro.jevii. K. I976 Genetika. Univerzitet u NovomSadu,
Poljoprivrednifaku ltet, Novi Sad.

I-eHveB, f. (1980). fettenuxcr - npo(t.ire*ru, nocmuucarLrjr, nepcneKmrtsa. II IonlnI{TeJIHo
n3AaHHe. 3eNtns.nar, CorpHr.

feprueHson, C.M. (1983). Octrextat coepeuetrrtori zeilemuKlt. AxaAeMltq uayt Vrpar,rucxori
CCP l,IHcruryt MonexyntpHor,"r 6uo,roruu r.r FeHerr,IKr,r. Hayxoea AyMKa, KueB.

foputrx, P. ( 1973). O6t a:opodyeefte H(1 tnyntyHot"t. llpr.rnen

M. Dimitrieski, G. Miceska(201a). Monohibrid Dominant Inherentance of TMV Resistance
in Some Oriental Varieties ol Yaka Tobacco. IJAIR Vol. 3 Issr-re 3, ISSN (on line) 2319-
1 47 3, p. 7 92-7 94.l J AlR: lCV: 5, 82, UI F : 1,126020 1 4

t8l Marinkovii, D. Tucic, N I(akic. V. (1982). ()enetikq. Naudnaknjiga. Beograd.

t9] Ll'raHxee, I..(1987). O5u1a xo.u6uHanllrzHct cnoco6uocm Ha opueHnxLL\cKLt coptnole nuorurcH.

fenerraxa 14 ceireKur.u, Co$nx. f og. 20, N"4, 3 I l -3 18.

[10] CrojxocKLI, U.LleaHoacxa, C. (2002). fetrentuxa. YHueepzHrer "Ce.Kltpul H MeroaHj"
3euj oAer cxu Qaxyrrer- Cxonj e.

[11] t{nuuee, E. (1979). Vcnttlroe:rcaue rrnr6utLttnn.tlttLoTlLt cnoco6uctcm Lta copmole mrcmrcH
Bztpctcurrtju no t.tfltioLt tio.ltNecilt6euu tTprt':itLLtLl'u. [orcropcxa.{r,tcepraultja-aerope(repar,
flroearre.

AUTHOR,S BIOGR.\PHY

Miroslav Dimitrieski

Full professor - senior research f-elow

1995 - Doctoral dissertation: The effects o/'laser light on the yield and
c1truliry'of tobucco. def'ended at the Faculty of Agriculture, Ss.Cyril and
MethodiLrs Universitl, -Skopje 1993 - MSc thesis:, Ss.Cyril and
MethodiLrs Un ivelsity -Skop.je

Professor at Postgraduate studies in Tobacco Institute-Prilep in the following courses:
Mathematical- statistical methods in research

. Member of commissions for giving eligibiliry to 5 PhD candidates and for defense of 7

doctoral dissertations, mentorship to I PhD and 2 MSc in the fleld of genetics and selection of
tobacco;

Publications: -Practicum on genetics, selection and seed control; Tobacco map of the Republic of
Macedonia

Authorshrp on patents/varieties: Author of six newly created and registered orienial tobacco
varielies: Prilep 66-917, Prilep 123-112, Prilep I 12-211. Prilep 146-3/2,Prilep 146 -111, Yaka 141-
317 and Yaka b 65-821 ltQd (in nl'^.pqe nt'reoi5112lien)Participant in the creation of four tobacco

Internltional Journal of Research Studies in Biosciences (IJRSB) Page | 6


