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CYTOGENETIC STUDIES OF HYBRIDS -

- HELIANTHUS BOLANDERI A. GRAY AND
HELIANTHUS ANNUUS L. " - : o

‘Studies of the character of relationships bet-

ween different species of the genus Helianthus -
are important for establishing their specificities.

Such studies are even .more important for the
section "Annuii" which also includes. the culti=
vated sunflower and for which specific delimi-
tations based on morphological studies alone
cannot be a sufficient criterion. Regardless of
some cytogenetic studies in this section (Heiser,
1949, 1951; Georgieva, 1970, 1973), relation-
-ships b_etweeh separate species have not been
studied so far. Scholars belico@ (Heiser, 1949; -
Stebbins, 1950, et als) that introgression is &
'cqmmon'phenom‘enon in morphologically close :
species and that it has played: an important
role in the separation of new species under
natural conditions. The species H, annuus and
H. bolanderi may serve as examples of such
hybridization.: o o ; . .

Generalizing our studies, we aimed to use
. experimental hybridization and detailed cytoge-~
" netic analysis in order to study relationships
petween these two systemically close species.
On the other hand, introduction of H. bolanderi
resistant to diseases into hybridization with ©
cultivated sunflower may present interest to. . '
practical sunflower breeding.. . == o

H. bolanderi  was used as initial source, It.
was grown’ in the field for several years. The
Peredovik variety was used as the second .. =
initial source., Both species  are annual diploids
* (2n = 34). Peculiar to H. bolanderi is the fact

that the majority of its plants clearly show male

sterility allowing their utilization as female pa-
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rents. A number of biological properties were .
studies in hybrids. o '

To 'study meiosis in initial species and in
hybrids, buds were fixed in acetalcohol in a
certain stage of development and treated with
acetocarmine according to the Schwach method.
Meiosis was analyzed on 25-100 cells in dia-
kinesis, e S . :

Chromosome: behaviour during meiosis was
studied by the following ‘features: , '

' ‘a)., pollen viability, judging by its ability to
be. coloured by acetocarmine; ‘ ;

'b) fertility of plants under open pollination
of initial species and hybrids, Co o

Hybridization was carried out during four -
years under different weather conditions. Re-
sults - show. that in general crossability was low.
Percentage of successful crosses in certain
years ranged from 0.41 to 25,12%. o

- The first hybrid generation was characteri~
zed by diversity typical for hybrids obtained
when crossing genetically distant forms. One
part of hybrids inherits the wild form, another
inherits the cultivated form, but the majority of
plants are as a rule of intermediate type. Al-
most all hybrids are viable, but in telophase
Il ‘retarding chfomosome are observed., Pollen
Viability of H. annuus (Peredovik variety) is

98,0-100%, and that of H. bolanderi ranges
from O to 38.10% for 1974 and from O to 23.2%
for 1973. ‘ . R S
© Meiosis in FPC. hybrids. H. bolanderi x
H. annuus in F3; was almost normal in some
plants, Bivalent associations were observed in
diakinesis. In few cases associations of four
-chromosomes were observed in the form of
Closed -or open ring. In metaphase ! chromoso-
mes advancing ahead are observed in some
~cells (2,44-5.38% of the total number); Residual
chromosomes are observed in anaphase 1 and
;e_lop'halsel I in 6.06-16.32% of cells. Only in
ew cells 'in anapha in ic
- 1681/74-1 in twc? cesl.les Iot.(linozh§22 bf:% chro-
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mosome bmdges were™ observed “and “in the
hybrid 1681/74-7 (in three out of 462 ‘cells)
micro nucleoli were- observed.,However, in -spi-
te of the normal memsls _behaviour the pollen
v1ab1hty in- studied: plants remams low, from 0.
to 19.25%.
It is of interest to note that in some plants
along with the format.lon -of 17 :bivalerits one
additional chromosome is observed in the form
of univalent. Percentage of cells with an addi-
tional chromosome. ‘is ‘variable. For- example, in
the . +hybrid 196‘3/74 from the total of 82 cells
in diakinesis 17 bivalents and one univalent -
are-observed of ‘15 b1va1ents, ‘one q ‘
and one univalent.'In the hybrid -1502/75-3 in
all 120 cells in- diakinesis 17 vxbalents and one
addxtlonal chromosome were. observed. As a
rule, plants with additional chromosomes ‘do not
show serious deviations durmg meiotic phases.
By their morphologlcal properhes these plants
are intermediate .ones, in some cases being
simjlar to either of the parents. By the pollen
- viability rate and fertility these plants do not
differ from the plants w1th normal chromosome
number. -

Following the detalled analysxs of bivalent
forms in -diakinesis the average chxasma rate
in bivalent has .been calculated as well as the
total- clfuasmata number for the cell. These va-
lues are vamable in different plants,,rangmg
from 1.04 to. 1,23 -for bxvalents and from 18,0
to 20,83 for cells.

MelOSlS in FPC hybmds in BCl and BCZ
is almost normal Some deviations were obser-
- ved similar to those indicated for. Fj1. Some
plants show- much larger devxa’uoas in meiosis.
For example, in the plant 1502/75-13 101 .
cells out of 556 had unincluded chromosomes.
" in metaphase I, In 13 cells. from 22 in diaki-
'nesis additional chromosomes were observed.
These plants showed some other. deviations.
Cells 2-3 tlmes larger than ‘normal oenes ap-
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peared with the anblhty of pollen bemg 65 12%
and fertility 52.98%. BC2 progeny from the

plant 1502/75 had. some other deviations from
meiosis as well as (chromatolysis, meiotic division
delay in prophase). However, regardless of
deviations, plante are able to form a certam

.percentage of normal- pollen.

Studies of species H. bolanderi and ‘H, an-
nuus of section Annuii have shown that, re-
gardless of their systemic position it is diffi-
cult to cross. them under normal. conditions.
High pollen stemhty ‘of hybrids F4q, BC1 and
BC2 and low seed fertility show their good ‘iso-
lation in nature, and using the Steffins classifi-
cation’ (1950) their isolation mechanism could .
be defined ag hybrid " sterility. Considerable di-
verSLty of hybrids in certain morphological and
biological properties also indicates their gene-
tic distance. One and two backcrosses show

. that experimentally partial iransfer jof chromoso-

mes from one species into another is possible.
In this respect Heiser's supposition that these
two species are. 1ntrogresswe in nature is
rather reasonable., In our case it is 1nterestmg
to determine the duration of backcrocsmg with -
an eye to obtéunmg a new species experimen-
tally. Such stuoues were conducted by Lamp-
recht (1941). High sterility of hybrids after
three backcrosses leads to a conclusion that
hybridization between these two species under
natural conditions is a lengthy process..
Absence of direct relationship between
meiogis disturbances of male pollen’ cells and
low viability of pollen indicate that sterility:
is genetically controlled, Normal chromosome
distribution in telophase II in the majority of
examined plants and formation of non-viable
follen- suggest that there are qualitative diife-

.rences between .genomes' of both. species.

High frequency of dlscover'ed bivalents also
points "to this, resulting in lower hiasma values
in hybrids. The fact that quddmvalent associa=-

. tions -are observed in some cells H,. bolandem
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indicates that genomes  H, bolandem and H. an-.
nuus have different translocation, while . quadn—
valent assocra’uons in a small percentage of’
cells in Fy hybrids and- their predominant rod-
like form indicate that translocation has taken

- place between short segments.

One addmonal chromosome during d1akme519
‘in some hybrids sugges’cs more serious ‘chromo-
somal reconstruc’uons of unknown ‘nature. . :

Results of studies of BC4 and. BC, indicate
that to obtain . a hybrid of a cultivated sunflower -
type ugable . in prachcal breedmg it is necessary
- to backcross hybrids " to cultivated . species.

The foregomg discussion suggests “the con-
‘clusion that though H. bolanderi and A. annuus
are: sistematically’' very close” they are geneti- .
cally isolated from. each other. Experimental
hybridization has shown that though these spe- _
‘cies are not geograpmcally 1solated they possess
isolation barriers accounting for their existence
as two separate spemes.,Though introgression -
is possﬂole a. long period: is necessary for the .
gernietic material of one  species to find its place
in the other species. In ‘this respect mtrogres=.51—
ve hybmdxzatlon is poss—nble between these two
annual I-Iehanthus spec1es.
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