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LINKA GE STUDIES BETWEEN MS AND
MARKER GENES IN SUNFLOWER

Numerous papers have announced the dlS—. '
covery of l-3, or even more genes controlling
sunflower male: sterility. The identification of the
ms genes by their phenotypic effect k1 _’{‘grather‘
relative because the pollen and stamen atrophy -
due'to different genes could be very similar
(Putt, Helser, 1966; Leclercq, 1968;. Anashchenko,
1969; Vranceanu, Stoenescu, 1970; Burlov, 1$70;.
Kovalik, Skaloud, 1973). The ms genes can be-
1dent1f1ed by cross studies ory “which is even
more eff1c1ent by detecting the linkage between
these genes and different marker genes,

The linkage between ms "and marker genes
in sunflowers proved to e very useful both in
‘theory and practice, In 1966, Leclercq found that
the ms geéne and the T .gene,.w_hich produces
- plant anthocyanic- colour, lie: on the same chromo-
some, He also suggested the utilization of thls
linkage in hybrid seed produchon.

- Test studies carried out at the Research In—
stitute for Ceéreals . and Industrial Crops - Fundu-
lea emphasized. that. only the dominant allele -of
one gene, namely ms; , is linked with the .gene -
- T (Vranceanu, Stoenescu, 1970). The frequency
of ms is much lower in c0mparlson w1th the
other _ms genes. :

This 1 linkage has been used successfully for
producing the first commercial - sunflower hybrids
in -Romania (Vranceanu, Stoenescu, 1974 Vrén-
ceanu, et al, 1974). o

Five independent genes ms were 1dent1f1ed v
at Fundulea between 1965-1969, This paper is
concerned with the detection and measurement
of linkage between these genes and four mar-
‘kers. Some particularities of ms] and T gene’
lmkage are specmed too. -
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The ms and marker genes are presented in
the Table.

The gene T, reported by Satsyperov in 1974
(F. Safiperov, 7974) controls the anthocyamc co-
lour of the entire plant.

The recessive gene Yy, descmbed by Hockett
and Knowles in 1970 (E. Hockett, P, Knowles,
1970), produces a temporal yellow-xanta colour
of the terminal leaves. -

The gene la, announced by Vrdnceanu' et al.
in 1974 determines the wh;te-yeltow colour of »
ray flowers. - ‘

The fl gene c:ontrols the presence of small
tubular ray’ flowers. It was: found by Vré.nceanu .
et al. in 1974. ~

Mating - and selfings were performed in the
breeding field and greenhouses.

The classxflcatmn of the fertile 'and sterile

‘plants was done visually, with the exception of

plants with small amounts of pollen the fertility -
of which was examined by microscope. =

In order to measure the strength of the lin-
kage, the X2 values were broken down into com-
ponents (Mather K., 1963).This was possible
because the mhemtance of . the factors involved
m crosses were. known:

‘ . | 2
(for ‘the first pair of genes .—_.(a_.__"'b".3(0+d2]
[a+ c- 3(b+d,2

’

Xa

2 for the second air of genes) =
%2 (for the Pair of g ) 3N

(a=3b-3 c+9d)
~ ON

x L (for A/B lmkage) =

_ Each X has one degree of freedom. N'is

" the total number of the offsprings.

The recombmatxon fraction has been: ‘estimat--
ed by means: of product method, initiated by
owen (F. Owen, 1928) and F‘xsher and Balma-
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kund (R, Fisher and I Balmakund, '1928) and

improved by Baily (N. Baily, 196l) and Fisher

and Yates (A, Fisher, F, Yates, 1963),
Standard error (SEp) has been used as the

test of significance. SEp (repulsion) =
-p2 2y . ' . : -
\’m ¢ "VNj in coupling, p is substituted

for 1~p§ p represents recombination fraction for.
repulsion phase, except the parental combination
fraction for coupling, ' ‘ - =

The combined value of more recombination ;
fractions (p) was calculated employing "the weight-
ed average amount of information -method" propos-
ed by Immer and Henderson (N. Baily, 1961):

pc = E&I_, I represents information arhbunt of

21

- the experimental eror I = —l Je The standard
. SEpz o

error of the new wvalue pc is equal to \l—g&r

Tests of hetercgeneity were carried ou‘t.'xz's '
were analysed for the separate segregation ratios
and for the existence of linkage to find out if the
data were uniform, ’x% heter = Xg£ total - x% :
gen. The degrees. of freedom have been found
out by méans of substraction. too,

The data obtained show: clearly the indepen~
dence of the ms; gene and the marker genes

"Ys & and fl. In one case, ms] x la, ) for hete~

rogeneity calculated for the  marker gene indica-
tes a probability between 5% and 1%. Thus, the
two  offsprings appear to be not homogeneous.
The main cause ‘seems to be the small numbers
of the second offspring, ,

The results of the cross ms; x T give a
strong evidence of.the linkage. The combined
amount of the recombination was 1.3+0.2 and the

crossingover value for the whole Fg offspring

group was 10+0.5. The crossingover fractions
varied from 0.0 to 3.7+0.5. All these data have
been very closed to 1% obtained by Leclercq

(P. Leclercq, 1966). "The values cobtained after~
wards at Fundulea in the process of hybrid seed
production, were also very close to 1%, '
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The epec1ﬁc feature of TMsl/tmsl linkage is
the existence of # Ms mS] crossovers (nonan-
thocyanic fertile plants) and not the expected A

50% tt Ms) ms) + 50% Tt I't msymsi. In order to ex-
plain this phenomenon, one can suppose the exis-
fance of a lower wviability of Tms; gamets or

Tt ms]l ms; - zygotes, Our. data suggest, however,
an evxdent incomplete penetrahon of ms; when =
located on the same chromosome with T. The par-
tially fertile plants, usually classified as fertile,
should be considered as Tt msj msl crossovers,
The manifestation of ms] linked to T seems to.be
influenced by the genotype. The ms] penetrance

. is higher in inbreds AS-1294 and AS-V-3319 T,
‘ The Tt msj msl crossovers are not difficult

to detect in crossing fields, being discarded in
-the first vegetation stages because they are of
antocyanic colour,

© The hypocotyl colour proved to be very im-
portant for a clearcut elimination of the fertile
anthocyanic plants at the beginning of- vegetation.
The gene T determines a . strong violet colour..
Besides thxs, a large scale of pink~red tints; es-
pecxal,ly on the southern part of the hypocotyl is
visible to the most of genotypes, ‘producing con-
fusion in decu:hng which plant is anthocyanic and
which is not, It is thus desirable that the inbreds
slated for transformahon into male sterile lines
marked with anthocyanin have a completely green
hypocotyl in different environmental conditions. The
frequency of such genotypes is rather low. Among
6852 inbreds studied at Fundulea only 1.3% show- -
ed uncoloured hypocotyl.

Data accumulated in the course of. obtenhon
and multiplication of the lines with monogenzc ‘male
sterility marked with anthocyanin have indicated
that repeated selection of offspring with the lowest
percentage of crossovers leads to the maintenance
" of a minimum recombinant fraction level or even to -
its reduction, After 5 generations yields.ng proge-

. nies with the lowest proportion of recombinant ty-
' pes, the inbred AS-116 had an almost halved
crossingover fraction,
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.Our data show clearly an independent seg-
regation or no linkage between mso and T, ¥
and la_ marker genes, The ms2 and fl genes
appear to be locédted on the same chromosome

~in the repulslon phase, because the d group
of offspring is much smaller than the value
claimed by 9:3:3:1 matio, and . ad/bc fraction is
also-less than 1, The combined ‘crossingover
value 19.3+5.3 is very close to the 19.1+7.5 va-
lue - calculated for the whole progeny group. This
linkage could not be used successfully in hyb-
rid seed production process because of the too
hlgh recombination fraction.

' The correlation of the actual and expected
3:1 and 9:3:3:1 ratios proves the independence
of n_x_e_g -msg genes from the marker genes.

C onclusions

In the case of the already known lmkage ‘
between ms] and T, the combined amount of the
recombination was 1.3+0.2 and the crossingover
value for the whole F2 offspring group was
13+0.5. The repeated selection of progenies with
the lowest percentage of. crossovers leads to
the maintenance of the: same crossmgover frac-
tion, or even to its ‘reduction.

The genes ms, and fl proved to be located
on the .same chromosome in the repulsion phase,

All the other ms genes proved to be mdepen—
dent from the respectlve marker genes. '
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