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Aim. To determine the inheritance of the millet morphological traits: seed color, size, anthocyan coloring of
its parts, race specified resistance to smut and genetic linkage relationships between these features, which are
a reliable basis for the breeding of a new generation of varieties. Methods. Genetic analysis of the F1, F2 and
F3 hybrids. Results. The interrelations between the seed size, its color and shape, and especially race specified
resistance to smut have been determined. Conclusions. The degree of linkage between the loci of genes that
control the expression of the relevant characteristics in experimental combinations interbreeding has been

stated.
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INTRODUCTION

Due to insufficient explorations of the millet’s spe-
cific genetics, the dedicated literature has no well
matched and sufficiently deep scientific ideas about
the special features of the inheritance of such clearly
visible morphological traits as seed color, size, antho-
cyan coloring of its parts, race specified resistance to
smut (RaceSRS), and also the genetic linkage between
these traits, which could become a reliable basis for the
breeding of the millet’s varieties of the new generation.

The current state of the scientific ideas concern-
ing the issue is caused by the technological com-
plexity of the explorations of the kind [1]. However,
team of scientists under the guidance of Professor
1. V. Yashovskyi some successes has been achieved by
the in the Institute of Agriculture NAAS (now NRC
“Institute of Agriculture NAAS”) [2].

They paid the significant attention to study of the spe-
cial inheritance features of the millet’s separate signs
and, in particular, to the genetic linkage between them.
The literature provides very limited and insufficiently
coordinated information about these subjects.

MATERIALS AND METHODS

The explorations of the defined traits inheritance was
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accomplished using the genetic analysis of F1, F2 and
F3 hybrids by the comparison of the actual relationship
of the plant phenotypes number with the various mani-
festation of the examined traits with those theoretically
expected, which mostly corresponded to one or another
type of action and interaction defined as classical ones,
according to the contemporary genetics of the self-pol-
linated plants; the millet is among them.

The selective varieties and lines of the elder genera-
tions of the hybrids (F6-F12) isolated from the pre-
vious crossings have been used as the parental plants in
the majority of the crossing combinations. As of their
phenotypes, all these varieties and lines are homozy-
gous enough and characterized by the combination of
economic valuable traits or properties.

RESULTS AND DISCUSSIONS

The principal attention in course of explorations was
focused on the study of the special features of the seed
color, size and form inheritance and their genetic lin-
kage with other traits.

The experimental results will be demonstrated based
on the example of the genetic analysis of the hybrids
obtained from two crossing combinations. In combi-
nation # 1 the hybrids are obtained from the crossing
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of the line # 823 (coccineum variant, typical brick red
seed color and resistance to the smut of races # 1, 2)
with line # 481-97 (subaureum variant, typical golden
yellow seed color and resistance to the smut of races
# 1-3). In F, of these hybrids the golden yellow color
of seed prevailed, while in F, the splitting occurred
(Table 1), which statistically reliably corresponded to
the monogenic ratio of presence-absence features of
anthocyan painting (3> = 2.59), and also the ratio of the
golden yellow seed color to the red one (y*> = 1.33), and
finally, independent digenic relationship 9: 3: 3: 1 ac-
cording to both traits simultaneously (y*> = 3.23).

Among the total number of 122 F2 plants obtained
from this crossing combination 38 descendants (a
quarter from each of four groups of phenotypes) were
evaluated concerning the resistance to the smut of race
#3, since the parental forms differed in the resistance
to this race.

According to the results of estimation, nine of
38 tested descendants demonstrated the receptivity
to race # 3 (approximately, a quarter of their total
amount). That gives evidences on the monogenic na-
ture of the inheritance of resistance to the indicated
race of smut in hybrids from this crossing combina-
tion (x* = 0.60). However, the amount of the geno-
types susceptible to the race #3 among the descen-
dants of four studied F2 phenotypes comprised: in
the anthocyan golden yellow group — 6; in the of
brick red group — 1; in the golden yellow group with-
out the anthocyan — 0; in the brick-red group without
anthocyan — 2 pcs.

The discovered ratio of resistant and susceptible geno-
types to race # 3 in the above mentioned phenotype
groups of the hybrids’ descendants testifies about the
independence of the genes of resistance to the smut of
race # 3 from the genes controlling the presence of an-
thocyan coloring of millet, and also genes controlling
either golden yellow, or brick red coloring.

Table 1. Phenotypes Parameters of I, Millet Plants (Line
823//Line 481-97), Plot 1206-99

Plants Amount in Phenotypes Groups, pcs

With Anthocyan Without Anthocyan
Golden | . o | Golden | Brick Total
Yellow ek e Yellow Red
67 17 30 8 122

46

For the hybrids from crossing combination # 2 line
# 832 (taken apart by the individual selection from the
Ilinovske variety, sanquineum variant) served as a ma-
ternal form. It is characterized with the reddish brown
seed color, and simultaneously, resistance to the smut
of'races # 5 and 2 (the genes’ conditional block of Sph2
[3, 4]). The pollinator was line 612-97 (subaureum
variant) noted by the specific golden yellow seed color-
ing and also resistance to the smut of races # 1 (1, 5,
4, 6) and # 3. The features of the anthocyan presence
and the golden red seed coloring prevailed among the
F1 ones.

The results of the genetic analysis of the F2 plants
from this crossing combination give enough evidences
on the fact that the parental forms of hybrids differ in
the alleles of only one of two known genes — Pr1 or Pr2
(purpl) critical for presence or absence of anthocyan
coloring of millet (> = 1, 32).

Concerning the seed coloring, three phenotypes
groups are discovered: golden red — 62 (both with an-
thocyan and without it), golden yellow — 47 and typi-
cally reddish brown — 27 plants. The specific features
of this inheritance are not mentioned in the dedicated
sources.

The actual ratio of the kind as for the indicated groups
of the plants corresponds with high probability to the
theoretically expected trihybrid independent ratio 27:
21:16 (x> = 1.92). It is necessary to note that the ra-
tios of the kind were observed for the groups of plants
either with the anthocyan coloring, or without it (> =
= 1.64 and 1.68 respectively). That indicates the ab-
sence of the genetic linkage of the genes controlling
seed coloring and presence of anthocyan. This assump-
tion is also coordinated with the actual ratio between
the first and the second of three groups of mentioned
phenotypes (¥* = 0.09) and also actual ratio of the
first two groups of plants together to the third one as a
monohybrid one (3> = 0.92).

Thus, the foregoing data outlined make it possible
to draw the grounded conclusion that the parental
forms of combination # 2 differs in the alleles of two
complementary (inhibiting) genes, whose dominant
alleles are together capable of enlightening or “gold
coloring” the conditionally reddish brown seed to the
golden red one. Due to the presence of dominant al-
leles of only one among these genes, which possess a
half-epistatic nature of action, i.e. without the pres-
ence of dominant alleles complementary to it epistatic
component only yellow, slightly golden seed coloring
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is manifested, which is typical for the parental form i.
e., pollinator.

Since in the dedicated sources such genes are not
identified, it is justifiable to introduce the symbol of
the revealed genes. For one of these genes, which dom-
inant alleles are capable of gold-coloring the yellow
coloring to the yellow-gold one by themselves, the
symbol of GIdI is introduced, and for another gene,
complementary to it, which conjointly weakens the
intensity of gold-coloring of reddish brown pigmenta-
tion to the golden-red — the symbol of G/d2 is intro-
duced.

For the sake of the given epistatic-hypostatic model
of action and interaction between the identified genes
corresponding to the data obtained experimentally, it is
necessary to assume the presence of the dominant al-
leles of only one of two complementary genes — Gld |1,
which even in case of absence of Gld2 complementary
component’s dominant alleles ensure the yellow-gold
painting of seeds in the genotype of pollinators. How-
ever, in the maternal line of 832 alleles of GldI gene
are recessive, but dominant alleles of another gene —
Gld?2 are noted, which in the absence of the basic “part-
ner” either does not work, or its expression is little no-
ticeable.

Concerning the F3 hybrids of the discussed crossing
combination on the background of artificial infection
separately with races # 1, 5, 4, 6, 2 and 3, 41 descen-
dants of F2 plants selected with the observance of the
corresponding relationship according to the types of
coloring have been tested for race-specified resistance.

While estimating, the following amount of descen-
dants susceptible to appropriate races of smut was re-
vealed: #1 -7, #5-0,#4-7,#6—-6,#2—-8,#3—10.
No susceptible families have been stated on the back-

ground of race # 5 only, but as for the rest — the rate of
the susceptible descendants in F2 genotype was about
1/4 part of their total number. This indicates that the
F2 hybrids’ splitting in crossing combination # 2 as of
the resistance to races # 1, 4, 6, 2 and 3 occurred in the
monohybrid rates (approximately 3:1) and only as of
the resistance to race # 5 no splittings were observed.
Thus, the parental forms of the explored hybrids differ
in the alleles of the genes controlling resistance to races
#1,4,6,2 and 3, and are resistant to race # 5. The data
of the kind are well in line with the evaluations of the
race-specified resistance to smut of the parental forms.
Line # 832 is resistant simultaneously to races # 5, 2
and susceptible to races # 1, 4, 6 and 3, while line 612-
97 is simultaneously resistant to races # 1, 5, 4, 6 and 3
and susceptible to race # 2.

No genetic linkage has been revealed between the
traits of seed coloring and presence of anthocyan
with the race-specified resistance to smut in these
hybrids.

Due to absences of the data on the connections be-
tween the seed size and other its features in the dedi-
cated sources, the search for the possible connections
between the seed size, its coloring and form and, es-
pecially, with the race-specified resistance to smut has
been carried out.

For that end, the genetic and genetics-immunological
analysis of hybrids from a number of the specially se-
lected crossings combinations has been accomplished
and the following results have been obtained.

In hybrids obtained from the crossing of big-seed line
843 (red brown, coccineum variant, 1000 grains mass
— 8.0-8.2 g, resistant to the smut of races # 1, 4, 5 and
6) with the small-seed sample of cat. BIP 1456 (strip
yellow, tephrum variant, 1000 grains mass — 6.0 g, re-

Table 2. Millet Plants Phenotypes Distribution in F2 (Line 843//Catalogue Sample 1456), As For Seed Coloring and Size,

Plot 324
Plants Amount in Phenotypes Groups, pcs
Striped No Stripes
Yellow Red Brown Yellow Red Brown Total
Small Big Small Big Small Big Small Big
56 0 16 10 1 8 13 119
56 26 16 21

82 37

AGRICULTURAL SCIENCE AND PRACTICE Vol.1 No.2 2014

47



RUDNYK-IVASHCHENKO

sistant to races # 1 and 2) in F1 the following features
dominated: a sprawling plume, small size and strip
yellow coloring of seed, while in F2 the splitting was
observed for all features with the appearance of their
new combinations in various ratios (Table 2).

Relying on the revealing of the specific inheritance
features of such traits as quantity of the genes control-
ling each of them, nature of their action and interaction,
and also presence of linkage between these genes, the
analysis of the F2 hybrids obtained from the experi-
mental crossing combination with the group of pheno-
types on three corresponding pairs of the investigated
features (Tables 3-5) has been accomplished.

Comparing the actual number of plants in the groups
with different phenotypes with the theoretically esti-
mated one, peculiar for various types of splitting, in-
dicated in Table 4-6, it is possible to distinguish ratios
determining the special features of explored features
inheritance: the monogenic rate of phenotypes with
the dark longitudinal strips in seed coloring (82 pcs) to
ones without stripes (37 pcs, x> = 2.18) (Table 3).

The clear digenic ratio between the groups of yellow
seed phenotypes (72 pcs) and red seed ones (47 pcs)
as 9:7 (x> = 0.86), and also the monogenic ratio of the
small-size phenotypes (95 pcs) to big-size (24 pcs) as
3:1 (%> = 1.48) (Table 4).

The low indices of the fitting criteria (0.86—2.18)
give evidences on the high probability of the given ac-

tual rates to the theoretically estimated ones according
to the indicated features (0.15—0.60).

The results of analysis confirm that the parental forms
of these hybrids differ only in alleles of one among two
known Str genes controlling the presence of strips on
a millet seed. Likewise, the parental forms also differ
in the alleles of only one among the genes controlling
the seed size. In this case it has been revealed that the
dominant alleles of this gene cause small seeds, while
the recessive alleles — the big ones.

The distinct digenic relationship (9:7; ¥* = 0.86)
between yellow seed (72 pcs) and red seed (47 pcs)
phenotypes proves the fact that the parental forms of
hybrids differ in the alleles of two known complemen-
tary genes of Y/ and Y2, whose dominant alleles cause
yellow coloring of a seed only subject to conjugated
action, whereas the recessive ones of any of the genes —
red coloring.

Thus, the clearly dependent nature of experimental
hybrids’ splitting as for the pairs of the features has
been revealed: stripes and yellow or red coloring of a
seed (Table 3); coloring and size of a seed (Table 4);
stripes and seed size (Table 5).

That is confirmed with the high indices of the statisti-
cal fitting criterion — x* (for the first pair of features —
23.24, for the second — 36.97 and for the third — 21.33).

On the ground of the exploration applying the y? cri-
terion it is reasonable to draw the conclusion that a lo-
cus of one among two complementary genes of yellow
seed coloring (Y7 or Y2) is genetically tightly linked
with the locus of the gene of stripes (Str). They are lo-

Table 3. Results of the Genetic Analysis for F2 Hybrids (Line 843//Catalogue Sample 1456)
Due to Phenotype Grouping as for Seed Coloring and Stripes Presence

Actual Number of Plants in Group, pcs Splitting Estimated Rate
Fitting o
Phenotype Yellow Seed Red Seed As for One Feature o Splitting
.. Criterion,
Group Coinci- 2 Nature
. Without . Without . . dently
Striped Stripes Striped Stripes Coloring | Stripes
Coincident 56 * 16/38 26/17 21/13 27:21:9:7| 23.24 Trigenic
50 ** Obviously
3:1 2.18 Dependent
As for Colo- 72 47 9:7 0.86 Digenic
ring 67 52 Independent
As for Stripes Striped — 82/89 3:1 2.18 Monogenic
Without Stripes — 37/30

Note. * — actual number; ** — estimated number; n = 119.
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Table 4. Results of the Genetic Analysis for F2 Hybrids (Line 843//Catalogue Sample 1456)
Due to Phenotype Grouping as for Seed Coloring and Size

Actual Number of Plants in Group, pcs Splitting Estimated Rate
Fitting i
Phenotype Yellow Seed Red Seed As for One Feature . Criterion, Splitting
Group Coinci- ) Nature
. . . . dently X
Small Big Small Big Coloring | Size
Coincident 71 % 1 24 23 27:21:9:7| 3697 Trigenic
50 ** 16 40 13 Obviously
Dependent
As for Colo- 72 47 9:7 0.86 Monohybrid
ring 67 52
As for Size Small seed — 95/90 3:1 1.48 Monogenic
Big seed — 24/30

Note. * — actual number; ** — estimated number; n=119.

cated within one and the same chromosome (Table 3)
in parental forms in the phase of connection.

The data of Table 4 also testify about the high level of
genetic linkage of one of the complementary genes of
yellow seed coloring (Y7 or Y2) with one of the genes
of small seed size in the phase of connection as well.
The obtained values of y? for the mentioned rates prove
that the authenticity of conclusions about the presence
of the noted connections exceeds 99.99 per cent (stan-
dard deviation is 0.01 per cent). However, the degree
of the revealed linkage remains undetermined still yet.

The determination of the linkage degree between the
loci of the genes controlling the manifestation of the
relevant features in the experimental crossing combi-
nation has been accomplished according to Immer’s
formulas and tables [5].

The actual number ratio between the phenotypic
groups according to the presence of yellow, red seed
coloring and presence of strips, and also as for the seed
size was estimated applying the formula for the case
of linkage in the phase of connection or — for the case
in the phase of separation. According to these indices

Table 4. Results of the Genetic Analysis for F2 Hybrids (Line 843//Catalogue Sample 1456)
Due to Phenotype Grouping as for Seed Size and Stripes Presence

Actual Number of Plants in Group, pcs Splitting Estimated Rate
Fitting
Phenotype Striped Without Stripes | As for One Feature . Criterion, | Splitting Nature
Group Coinci- v
Small Big Small Big Stripes Size dently
Coincident | 72 * 10 14 23 9:3:3:1 21.33 Digenic
87 ** 22 8 13 Complementary,
Obviously
Dependent
As for Stri- 82 37 3:1 2.35 Digenic
pes 90 30 Independent
As for Size Small seed — 86 90 3:1 2.31 Monogenic
Big seed — 23 30
Note. * — actual number; ** — estimated number; n = 119.
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with the aid of the appropriate tables the indices of the
distance between the coupled loci V  (value of cross-
ing-over) and their deviations in the units of crossing-
over or per cent were calculated.

It has been revealed for the first time that the linkage
degree (V) between the genes of yellow seed coloring
(Y) and stripes (Str) in combination #3 works out: V
=4.7 £ 2.0 per cent. This testifies about the very close
linkage between the indicated traits .

The data given in Table 4 also confirm a very close
genetic linkage between one of the genes of yellow
seed coloring and one of the genes of small seed size
in the phase of connection. The value of this linkage
works out 3.3 + 1.8 per cent of crossing-over units.

The results represented in Table 5 are obtained with
the use of a formula with other than in Table 4, rate
of number in the phenotypes groups () intended for
the linkage in the phase of separation. The sufficiently
close genetic linkage between the genes of stripes and
seed size has been also revealed. The degree of this
linkage according to the V_ index composes 11.6 +
1.1per cent.

It is important to note that the comparison of the
results of the paired connections analysis as for the
features between themselves according to the data of
Tables 3-5 reveals on some disagreement of the ob-
tained data at first glance. If there is a close linkage
between the genes of yellow seed coloring with the
genes of small seed size and stripes presence, then what
can explain the absence of linkage between the genes
of stripes presence and small seed size determined ac-
cording to the same results of analysis? As a possible
explanation that can completely match the results of
analysis as for all paired genetic interrelations of the
investigated traits , can be the fact that the discovered
genetic linkage of one of the independent comple-
mentary genes of yellow seed coloring (for example,
Y1) exist only with one of another independent pair
of the complementary genes of stripes presence (for
example, Strl). The similar idea is obviously correct in
respect of the genetic connections between the features
of yellow-red seed coloring and small-big seed size.

Quite possible, that the similar nature of genetic lin-
kage exists also in the manifestation of other traits in
the millet. This is coherent with the fact that, despite
the discovered close linkage between the genes con-
trolling seed color and size, stripes presence etc., the
considerable amount of phenotypes is observed, in
which the recombination of these trait occurs. Consid-
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ering the frequency of its manifestation, it cannot be
caused only due to the crossing-over.

CONCLUSIONS

The results obtained from the accomplished explo-
rations have proven to satisfaction the epistatic-hypo-
static nature of interaction of different genes control-
ling yellow, red seed coloring and stripes presence in
the millet, and also the epistatic alleles of small seed
size over the dominant alleles of the genes of big seed
size. All the aforementioned gives evidences on the
fact that the denoted traits are controlled with epistatic-
hypostatic nature of interaction between different
genes, though never — by either dominant, or recessive
alleles within the limits of only one gene, as this is in-
terpreted in the dedicated publications [6—8].

Oco0/1uBOCTI yenaIKyBaHHS OKPEMHX 03HAK IPOca
(Panicum mileaceum L.)

O. 1. Pyaauk-IBameHko

IncrutyT caniBannrea HAAH
Byn. Canoga, 23, Hosocinku, Kuiecbka o0macts, 03027

e-mail: rydnik2014@mail.ru

Meta. BusnaueHHs ocoOmuBOCTEH ycmaakyBaHHS MOpGo-
JIOTTYHUX O3HAK Ipoca: 3a0apBIIeHHs 3epHIBKH, 11 BEJIMUHHA,
HAsBHICTb AHTOI[IAHOBOTO 3a0apBJCHHS ii YacTHUH, Paco-
crienMdiyHa CTIHKICTh 0 CAKKH, & TAKOK TCHCTHYHHX 3B’SI3-
KiB MDDK IIMMHU O3HaKaMH, SIKI € HaJIHHOIO OCHOBOIO IS Ce-
JIEKI[il HOBOTO TIOKONIIHHS COPTIB Ii€i KymbTypu. MeToau.
T'enernunnit anani3 riopuni F1, F2 ta F3. Pesyabraru.
BceranoBneHo 3B’S3KH MiXK BETHUHUHOIO 3€PHIBKH, ii 3a0apB-
JCHHAM 1 (hOPMOIO Ta 0COOIHBO, PACOCTICIIU(ITHOIO CTii-
KICTIO JIO CA)KKH. BucHOBKH. Bu3HaueHO cTyIIiHb 34eTIeHHS
MiX JIOKyCaMH TeHiB, III0 KOHTPOIFOIOTH POSIB BiIOBITHIX
O3HaK y MiJI0CIiIHIf KoMOiHamii CXpelyBaHHs.

KurouoBi cioBa: mpoco MociBHe, TEHETHYHE 3YeTICHHS,
yCHmaaKyBaHHs, MOP(HOJIOTiUHI O3HAKH.

Oco0eHHOCTH HACJIeJOBAHUSA OT/AeIbHbIX IPU3HAKOB
npoca (Panicum mileaceum L.)

O. U. Pynauk-MBammeHko

WuctutyT canoBonctea HAAH
Vn. Cagosast, 23, Hosocenku, Kuesckast oonacts, 03027

e-mail: rydnik2014@mail.ru

Heas. Onpenencane 0cOOCHHOCTEH HacIenOBaHUSI MOP(O-
JIOTUYECKHX TPHU3HAKOB MPOCa: OKpacka 3epHOBKH, €€ Be-
JIMYMHA, HAJTWYUE aHTOLMAHOBOM OKpacku ee 4acTeil, paco-
crierpuyeckas yCTOMYUBOCTh K TOJIOBHE, a TaKXKe IeHe-
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TUYECKUX CBSI3€H MEXIy O3THMH TPH3HAKAMH, KOTOpBIE
SIBISIFOTCSI. HAJEKHOW OCHOBOM [UISl CENEKIMH HOBOTO II0-
KOJIEHUSI COPTOB 3TOM KynbTypbl. Metoabl. ['eHeTnueckuit
ananmu3 Tuopunos F1, F2 u F3. Pe3yabrarbl. YcraHoBieHa
CBSI3b MEXK/Iy BEJIMUMHOM 3epHOBKH, €€ OKpackoi 1 popmoit
1, 0COOCHHO, C pacocnenu(puIecKoil YCTOHIUBOCTBIO K TO-
snoBHe. BeiBoabl. OnpeseneHa CTENEHb CLEMICHUS MEXTY
JIOKyCaMH T€HOB, KOHTPOJIHUPYIOUUX MPOSIBIEHUE COOTBET-
CTBYIOIIMX TNPH3HAKOB B MOAOMNBITHON KOMOMHALMU CKpe-
LIMBaHMUSI.

KiaroueBble ciioBa: IIPOCO IMOCEBHOE, TECHETUYECKOE CIICTI-
JICHHEC, HACJICIOBAaHUC, MOp(I)OJIOFI/I‘IeCKI/IC IIPpU3HAKH.
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