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ABSTRACT

The results of long-term experiments to study teeetbpment of traits and biolo-
gical features at the distant hybrids currantsgoukeberries with a different genomic
composition. It was established that amfihaploidfed from the original parental
forms with character of growth and color shootsselfitting bud palet, bud shape, the
size of leaves, inflorescence, flowers in the floveeemes. It was determined the possi-
bility of using allotriploidy forms as an intermatt in the preparation of allotetraploid
and fertile diploid recombinants with economicaligluable traits. It was identified
that some forms of amphidiploids have the complepes immunity, increased win-
ter hardiness, fruits with large and small seeds.

Key words: currants, gooseberries, breeding, polyploidy, aaplitid, allotriploid, am-
phidiploids

INTRODUCTION

Among fruit and berry plants which are cultivated Belarus, currantRibes
nigrum L.) and gooseberry@rossularia reclinataMill. [= Ribes uva-crispa.. subsp.
reclinata(L.) Rchb.]) berry bushes are important. Theiriesrare rich ira valuable
set of vitamins, minerals, and enzymes and playngortant role in a balanced diet,
prevention, and successful treatment of many hufisgases.

Gooseberry and currant have not only a number lofisée economic characteri-
stics but also some shortcomings preventing them fivider introduction in agri-
cultural production. The possibility to create farimased on the hybridization and
combining the best features of currants and goosgebgewhich are deprived of their
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shortcomings, offers great opportunities in thect@n of these crops for increasing
the production of multi-vitamin products.

In spite of the progress made on creation and sifidigtant reciprocaRibesx Gro-
ssularia hybrids (Bavtuto 1980, Dubrovski 2012, Knyasew04£ Sankin 1993,
Chuvashina 1980), there are no data on the maatii@stof the whole complex of
properties of distant hybrids with different genoraomposition.

In this respect, the aim of our research was tdysthe manifestation of the
properties and biological features in the distaytirtls of currant and gooseberry
with different genomic composition.

MATERIALS AND METHODS

Hybridization of black currantR. nigrumL.) with gooseberries@r. reclinata
Mill.) at diploid and tetraploid levels, reciprocalossings of tetraploid forms with
the original diploids, and backcrossings of theaitatd tetraploid hybrids @&. nigrum
x Gr. reclinata tetraploid with the original tetraploid forms alled us to obtain
plants with various combinations of the genomesrijinal forms. The objects of
study were 16-chromosome amfihaploids (Ag) withgkaomic composition of BG
and GB, 24-chromosome allotriploids (Td) with thengmic composition of BGG
and BBG, 32-chromosome allotetraploids (At) witte tgenomic composition of
BGGG and GBBB, and 32-chromosome amphidiploids #ith the genomic com-
position of BBGG in our selection (the symbol oé thlack currant genome is «B»
and gooseberry genome is «G») (Buchenkow 2012, &kaw 2013).

Cytological analysis and chromosome calculation easied out on permanent
and temporary samples obtained by the standarchitpeh of cytological research
(Ribin 1967).

Self-fertility was determined in per cent, and &smased on the results of the
fruit inceptions at self-pollination of flowers uedthe insulator.

The immunity study was performed in the conditiafishatural plant infection
with pathogens (%) or insect damage (points).

Winter tolerance was measured with a 5-point sicalie method; the principle of
the method was in the annual recordings of theadegf shoot freezing.

The quality of the pollen was determined by itengi@ation in wet chambers on
the medium consisting of agar-agar and 10% sucrose

Field experiments, observation and descriptiorhefgroperties were carried out
according to the Program of the study of fruit,ripemd nut crops (Ogolcova 1999).

RESULTS AND DISCUSSION

The combination oRibesandGrossulariagenome in these hybrids can be repre-
sentedas1:1,1:2,2:1,1:3,3:1, 2A 2omparative study of distant hybrids
with different genomic structure has allowed usestablish the patterns of inher-
itance and feature display in F1 in the combinatiepending on the number of ge-
nomes of parental forms (Fig. 1).

Ag, combining the equal number of currant and gbesy (BG) chromosomes,
are distinguished in intermediate nature of theiithnce of the original parents and
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Fig. 1. Chromosomes &. nigrumx Gr. reclinata(anaphase | of microsporogenesis): a — am-
fihaploid (BG), b — allotripploid (BVG), ¢ — amphifoid (BBGG)
Source: own research

a number of new structures; among them the suppres$ such a feature as the
amount of burrs of the shoots is important. Suekufes of currant as crinkles of the up-
per side of the leaf, pubescence of a flower racame brownish shade of the shoots
which are completely suppressed by doubling thebmuraf gooseberry chromosomes
and are manifested as dominant features in Ag .

The increase in the number of gooseberry chromosdrom 8 to 16 also affects
the nature of the manifestation of other featunels.i Thus, Td (BGG) is characteri-
zed by the intermediate type of inheritance of sadhait as the amount of burrs:
small burrs are formed only on young shoots, plapadsely and disappear quickly.

Amplification of gooseberry characteristics witte timcreasing number of its ge-
nomes affects the structure of a flower racemeA§aoaceme is 6,1 + 0,2 cm (currants
have 7,1 = 0,3 cm and gooseberries have 1,4 trfl)7and carries 4 + 2 flowers in
average (the number of flowers in currant raceness chot exceed 8 + 3 as for
gooseberry, this number is 2 + 1). Outstretchedmecposition in Ag refers to new
structures compared with a down-curved raceme wénts and gooseberries. Td is
characterized by short (1,2 £ 0,7 cm) down-cunazkeme with 2 £+ 1 flowers. The
flowers of Td are larger than Ag flowers (the flawength of Td is 8,5 + 0,5 mm,
when Ag flower has the length of 7,5 £ 1,5 at;flbdver diameter is 9,5 + 0,5 mm,
when Ag's is 8,5 = 0,5), which gives them a reskamte to the gooseberry flower.

The differences among Ag and Td in the inheritamicgtructural features of the
parts of the flower are marked. Ag sepals are afi@mnowly lanceolate (the currant
property) with a wide range of variations. Td sefald petals are similar to the goose-
berry. Some properties of the gooseberry are itdteAs a dominant in Td and Ag,
i.e., the truncated tip of the sepals and petalstlam bent position of sepals.

The feature of sepal coloring appears especiallifli hybrids. The feature of
green colored sepals is completely suppresseceietls one gooseberry genome.
Ribeseolored sepals are dominated as the green colielg to be determined by
the recessive genes. By doubling the number ofejmsy chromosomes, this fea-
ture is not fully suppressed, and the sepals aneixed red-yellow-green color.
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The doubling of gooseberry genome also causesdhendnce of a number of
features typical for gooseberry, i.e. the shapie®tush, the color and the character
of the surface of the shoots, the position of teegae on the shoots, the form of the
leaf base and dense fluffing of its lower surfabe,absence of white tips on the ser-
ratures on the leaf edge and ethereal glands,spirfilkiwers, ribbed ovary, duality and
the stile pubescence.

Thus, doubling the number of gooseberry genomégtimids FIR. nigrumx Gr.
reclinata enhances the manifestation of its properties. Thiss up in changing in
the size of vegetative and generative organs ofiyhed: the gemmae, flowers, sep-
als and petals, stiles, ovary, flower racemes,thachumber of flowers in a raceme,
i.e., quantitative traits that have probably pohigetype of inheritance. At the same
time, doubling the number of gooseberry genomdsldR. nigrumx Gr. reclinatahy-
brids leads to inheritance a number of alternajisaditative features: the shape and color
of gemmae, leaf laminae, the petals and sepalshaniime required for phenophases.
To dominant features manifested regardless ofuh@er of genomes of original forms,
sprawling types of bush, high winter tolerance, tsedmmunity should be included.

A number of new structures arising from Ag, doesdigappear in Td with doubling
the number of gooseberry chromosomes. These sgadnhclude the heterotic type of
the bush, leaves varying in shape and color, tapesland the length of hypanthium,
and in the length and the width of the sepals. &qmently, somatic (powerful bushes,
large shoots, leaves, and gemmae) and reprodiietige flowers) heterosis are mani-
fested in Td, as well as in Ag. Unpretentiousnégfie hybrids to the growing condi-
tions and handling, immunity and winter tolerarean explain the adaptive heterosis.

However, the doubling of the gooseberry genomesléadhe disappearance of
some features which are common to Ag. These featncdude the formation of two
gemmae instead of one in the leaf base, the uratsblipe of the raceme and pluri-
partite leaves. It can be assumed that the appmaHrthese features is associated
with such phenomenon as fasciation. The disappsaufasciations in Td is the proof
that they are not derived from the original forrbgi they are the result of interac-
tion of parental chromosomes, which are equal mber.

Adding gooseberry genome in BGGG allotetraploideases the expression of
its features even more. This affects the color thednature of the shoots, the color
of the gemmae and their position on the shootsktiage and the color of the leaves,
petals and sepals, the form of ovary, stile, fifitit color and the peel type, and the
hybrid inability to reproduce with woody sprigs.

The increase in the number of chromosomes of & ldacant from 8 to 16 leads
to the strengthening of its characteristics in Fdgwith the genomic composition of
BBG. This is manifested in the color of shoots #mel nature of their surface. Td
BBG have vinous and exfoliating shoots. The stiesiging of black currant proper-
ties is also expressed in following: the predomagaof 5-lamina leaves, dark green
color, the absence of burrs on the shoots, crinkigiire of the upper side of the
leaf, pubescence deficiency on the lower sidéeféaf, the occurrence of white ra-
re tips on serratures of the leaf edge (they aserdtin Td BGG ), the prevalence of
5-7-flowered brush (Td BGG have dominated solithowers, rarely 2-flowered
brush), pubescence flower raceme (Td BGG have nedaainmes), and the position
of the sepals. In the presence of two blackcuiganbmes, the following characteri-
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stics as the shape and color of the berries, rfrattgpeel and such undesirable chara-
cteristics as misaligned fruits in a raceme aradite dominated. Regardless of the
number of the genomes, tRébesattribute as stames location at the same levél wit
petals andsrossulariaattribute as sprawling type of the bush, deficieatgthereal
glands and the ribbed ovary are steadily dominated.

From the above comparison, it is seen that in adigdbids, at the equal ratio of the
number of chromosomes of initial speciBsheshomozygous condition of the ge-
nomes determines the dominance of many valuabterésaof currants. At the same
time, such properties of the original forms asdh®unt of burrs on shoots and pe-
culiar currant smell, despite homozygous conditbérihe genes determining their
manifestation, are recessive.

Comparing the peculiarities of manifestation of tharacteristics in Ad, Cd and
Ag (Fig. 2), it may be noted that the number newcstires develop only at equal ra-
tio of the amount of genomes of original forms{in Ag and 2 : 2 in Ad).

Fig. 2. The Leaves oR. nigrumx Gr. reclinata a — amfihaploid (BG), b — allotriploid
(BBG), ¢ — amfidiploid (BBGG)
Source: own research

Changing the equal ratio of the number of genoméisuch features as pluri-
partite shape of the leaves, the presence of tworge in the leaf base, the varia-
tion of the color of leaves, the length of the flavetem, and 5-7-flower raceme dis-
appear. For expression of these features, notdke df currant and gooseberry ge-
nomes is important but their equal ratio of 1: 2or2.

However, there are a number of features, whichramifested only at the ratio of
a certain number of chromosomes of original foffhgse features appear only at the ra-
tio of 2 : 2 and disappear at 1: 1. Here, firsalgfAd fertility and Ag sterility are meant.
In some cases, there has been an increase in coha@acteristics with the addition
of gooseberry genomes. For example, the positidgheonthers in the flower can be
explained by the change in the number of genomeshwdoes not lead to a simple
summation of the dose-response effect of each geheauses allele interaction of the
same and different genes at the genome increais gdn give an unexpected effect.

Comparing the character of the manifestation offéatures with a doubling of
the chromosomes of each parent, and analyzing aptfilds (BG, 2n = 16) and am-
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phidiploids (BBGG, 2n = 4x = 32R. nigrumx Gr. reclinata it is clear that at the
doubling of the genomes of each parent, the charattthe dominance of the pro-
perties in a number of cases varies. So, Ad cordgardg, the enhancement of some
currant properties is observed. The charactereo&thiface of the shoots is changed.
They are smooth and grey-brown, while the Ag shaotsgray-maroon and exfol-
iate Ad gemmae have rounded shape with a blunt tiprttzdies them similar to cur-
rant gemmae, while Ag gemmae are conical, pointdtth, tightly adjoined squame.
With black currant Ad, unlike Ag, they have simitars in the absence of pubes-
cence on the lower side of the leaf, in the natditte base form of the leaf, and in the
leaf edge with scanty white tipgs Ad the expression of currant characteristiosalor
and shape of the berries is enhanddukrefore, the presence of a single currant ge-
nome suppresses the mentioned properties, as afipaRibesgenes controlling
them are recessivén doubling the number dribeschromosomes, the phenomenon
of the dominance of these properties is more explEspite the double number of
Grossulariagenomes. At the same time, some properti€gro$sularig which were
recessive in amphihaploids, dominate in amphidigorhey include the dense ar-
rangement of gemmae square, large ovary, the féthedruit flattened at the poles,
almost smoothed the size of the fruit, and darkemiarcolor of berriesConsequent-
ly, for the domination of a number of valuable teat ofRibesandGrossularig it is
necessary that the genes of these species ar lmthozygous state.

Certain properties don’t change the nature of datian at doubling the genomes
of parental forms. In amphihaploids as well asriphidiploids the following proper-
ties of Ribesdominate: the shoots are without burrs, shrunkemacter of the upper
side of the lamina, predominance of the 4-6 flovememe and its pubescence, sepal
color, the form of the hypanthium, anther positamg good rooting ability of the sprigs.
The dominant properties of Ag and Ad@fossulariahave the deficiency of aromatic
glands, the ribbed surface of ovary, the dualitg pnbescence of the stile. The hy-
brids with 2n = 16 and 2n = 32 have the followirtgrshant agricultural features: high
winter tolerance, immunity and resistance to curgati mite. Amphihaploids are fully
sterile. They bloom heavily, setting single seexifagt. Amphidiploids are normally fer-
tile and differ from amphihaploid plants in thedéwof pollen fertility (Fig. 3).

e

Fig. 3. Pollen ofRibes nigrunx Gr. reclinata a — amfihaploid (BG), b — allotriploid (BG),
¢ — amfidiploid (BBGG)

Source: own research
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Our research has shown that amfidiploid forms haeephologically balanced
pollen (from 79,8 + 1,04 to 86,4 = 2,11% in diffeteyears), normal size (49,6 +
1,16-50,1 + 0 44 microns), and a high percentdggeonination (from 60,6 + 0,16
to 69,6 + 0,84%). Morphologically normal pollen amfihaploids consists of only
0,96 + 0,09-1,32 £ 0,01%. Pollen grains are snzdll{ + 0,18-22,8 + 30 microns).
They do not germinate on artificial nutrient medium

26,8 + 0,06-54,0 = 0,35% berries are set in Adperopollination, but Ag only
have single seedless fruits. Ad berries are latge2(+ 0,14-1,2 + 0,17 g), oval,
slightly flattened at the poles, of dark vinousacpivith a smooth shiny peel, and of
sweet-sour taste. The berries in size are almageffled and ripen in mid-August.
The number of seeds in a berry is approximateljn&@ + 0,19 to 5,6 £ 0,63. The
average weight of 100 seeds is equal to 0,36 =084 + 0,02. The seed plump-
ness is not less than 76.2-81.3%. Seed germinaiémom 30,6 + 1,02 to 38,0 +
0,05%. Seedlings don't appear synchronically dufidg2 days. Single Ag berries
are small with the weight of 0,19 + 0,03 g. Seealsot develop in them.

The formation of fertile pollen and viable seedgegévidence of the normaliza-
tion of the meiosis process during sporogenesisweloenpared to Ag sterile forms.
Ad fertility allows using them in crosses with gebsrries and currants to enhance
the desirable traits. Uncrossing with diploid forofsRibesandGrossularig Ad in-
terbreeds with their tetraploid forms. When palting of autotetraploid form dr.
reclinata (BBGG genomic composition) with the pollen of anggbloids R. nigrum
x Gr. reclinata (genomic structure is BBGG), allotetraploids witew genomic
composition BGGG were obtained, but after poliorabf autotetraploid?. nigrum
(genomic structure BBBB) with the pollen Ad, aditetraploids with the genomic
composition GBBB were gained.

CONCLUSIONS

1. The obtained reciprocal amfihaploids Rf nigrumx Gr. reclinatawith ge-
nomic composition such as BG and GB (2n = 16) diifem the original pa-
rental forms and hybrids with another genomic cositm by the nature of
the growth and shoots colour, the adjacency of squhmes, the bud forms,
and also by the size of leaves, flowers, and fleviethe racemes.

2. The sustainable sterility doesn't allow to usent directly for practical purpos-
es. However, a number of valuable new structusgscal for amphihaploids,
gives the possibility to consider them as a vakeaolurce of breeding material
for further breeding.

3. The reciprocal amphihaploid forms Rf nigrumx Gr. reclinata with genomic
composition such as BGG and GBB (3n = 24) can bd as an intermediate link
in the preparation of allotetraploids with the gaimcomposition such as BGGG
GBBB, as well as diploid fertile recombinants wéttonomically valuable traits.

4. Amphidiploids ofR. nigrumx Gr. reclinata,with the genomic composition of
BBGG and GGBB (4n = 32), are characterized byraptex immune system,
high winter tolerance, a high percentage of noyn&imed pollen grains,
large-sized fruits, and a small quantity of seeds.
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SUMMARY

It was established that amfigaploidy differ frone toriginal parental forms with
character of growth and color shoots, close fittingl palet, bud shape, the size of
leaves, inflorescence, flowers in the flower raceniewas determined the possibility
of using allotriploidny forms as an intermediatetlie preparation of allotetraploid
and fertile diploid recombinants with economicalluable traits. It was identified
that some forms of amphidiploids have the compleapss immunity, increased
winter hardiness, fruits with large and small seeds



