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GENETIC ANALYSIS
OF A CROSS-POLLINATED SPECIES,
SECALE CEREALEL., FOR THE
CHARACTER WITH POLYMORPHIC
GENETIC BASIS

Thearetical basiz and an algorithim of caleulations for fre-
quencies of genes and genotypes in the population of species with
obligate cross-poliinasion under assessmeni for the character of
polymorphic genetic basis are proposed. Use of four rve popula-
tigns and the F, and I, from their crossings allows fo determine
genetic control of B-amylase specirum through identiffcation of
two genes, establishment of the allele number in each gene, and
showing the linkage berween [i-Amy-1 and the gene for self-
incomparibility 52,
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Introduction. The interest to genetics of cultivated
rve (Secale cereale L.) is caused by its importance
as the pivotal cereal crop in the regions with poor
sour soils and inclement winters, where cultivation
of winter common wheat ( Triticum aestivum L.) is
ineffective. In addition, rye is an important source
of resistance genes to pathogens, pests, and abiotic
factors of environment for common wheat. By now,
several genes, Lr, 5S¢, Pm, the resistance genes to
Hessian fly and to the high content of aluminium in
the soil were transferred from rye into wheat [1].

Investigations on ryve genetics are hampered in
mainly by its biological peculiarity, namely, by
obligate cross-pollination caused by genetic system
of self-incompatibility [2]. To overcome this diffi-
culty, special genetic plant material (usually inbred
rye lines) is developed and used. Such plant mate-
rial is developed by selection of the most produc-
tive plants out of self-pollinated generations of
spontaneously forming self-fertile rve mutants [3].
However, the inbred lines are characterised by low
cyvtogenetical stability as well as by inbred depres-
sion that restricts their use in genetic analysis [3].
This approach is long and laborious, it has also
some other defects. The self-incompatibility genes
are located in three chromosomes out of seven
chromosome pairs in rye genome [4], and the self-
fertile lines are produced as a result of artificial
selection. This can influence results on localisation
of genes located in the same chromosomes, where
the self-incompatibility genes are situated, by dis-
tortion of Mendelian segregations. Differencies in
chromosome localisation of a number of genes for
morphological and biochemical characters revea-
led in quite different plant material (the wheat-ryve
addition and substitution lines, on the one hand,
and self-fertile rve lines, on the other hand) can be
considered as an indirect evidence of the possibility
of such contradictions [1, 5, 6].

Rye populations which we have investigated
were developed by Dr. V. Skorik from the same
initial population by directed selection for the
plant height trait with continual cross-pollination
inside the populations during 20 vears. Concerning
the other genes, which are not involved in control
of the plant height, the rye populations kept their
peculiar level of heterozygosity securing the preser-
vations of fertility inside the population of this
obligate cross-pollinator [7] that allows us to con-
sider them as populations with free pollination.

Genetic analysis of the ryve population as for the
trait of electrophoretical spectrum of p-amylase
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Fig. 1. Patterns of f-amylase spectrum in the rve populations
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Fig. 2. Frequencies of components in electrophoretical
spectrum of i-amylase in the populations BK (celumn 1),
G | (column 2), G 2 (column 3), and G 3 (column 4)

was performed when realising the program on the
search for marker genes, linkage of which with the
genes for short stem allows to optimise genetic
analysis and breeding of ryve for this most important
trait [8].

Material and methods. Four populations of rye
(Secale cereale L.), Gnom 1 (G1), Gnom 2 (G2),
Gnom 3 (G3), and Bolgarskaya Korotkostebelnaya
{BK) were used as the object of genetic analysis. We
have described their origination in detail earlier
[7]. Hybrid populations F, and F, were obtained
and analysed from the following crosses:

Grom | = Gnom 3
Gnom 3 = Grom 2 Gnom 2 = Gnom 3

Cinom 3 = Bolgarskaya Korotkost. Bolgarskaya Komitkost, « Gnom 3

Hybrid seeds F, were obtained using the usual
for rye technigue: in female plants, the spikelets
were cut with scissors in a top one third of the
glume; in two days, after appearance of loose stigma
out of flowers, the male spike with mature pollen
was put under parchment bag to the prepared
female spike.

Each enumerated population was grown in field
conditions in four repetition under its own textile
bag. In such manner, it was isolated from the out-
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side pollen. The free cross-pollination was realised
inside the population. To characterise the plants
on their f-amylase spectra, four seeds from each
plant were taken and used for obtaining four spectra
of f-amylase according to the methods elaborated
for wheat [9]. A four seed sample is minimum,
which allows us to distinguish the homozygous and
heterozygous plants for the critical gene (p < 0,01).
The results were processed according to the algo-
rithms generalized by Rokitskii [10].

Results and discussion. Several typical [-amy-
lase spectra out of the obtained spectrum body are
presented at Fig. 1. The frequency of every isozyme
(the spectrum component) was calculated using
the binomial (p + r)’, where p is the frequency of
allele a,, producing the considered band of the
electrophoretical spectrum, and r= 1 — pis the fre-
guency of its absence, allele a,. The corresponding
component appears in the spectrum, when the
plant possesses g, allele in any dose. The index p,,
the frequency of this allele, is calculated as p, +
2p(1 — p,) = g,, where g, is the portion of dominant
phenotypes in the studied population. Therefore,

p, = (2—v4—4g)/2 (1)

When the gene is polymorphic (there are sever-
al alleles) and the second allele produces its own
component in the spectrum, the frequencies of
three alleles were calculated [11], and the results
were the same (Fig. 2). According to the corre-
sponding calculations [10], four rye populations
differed from each other for the frequencies of the
componenis in the p-amylase spectrum.

To test the genes for their capacity to be in-
dependently transmitted from parents to offspring
the following steps should be realised (the work
example in the paper is based on the data of cross
G1 = G3): basing on the frequencies of two genes
tested (Table 1), to calculate the frequencies of the
gametes with different combinations of these genes
in two parental populations (step 1, Table 1); to
determine the frequencies of the genotypes for
these genes in F| offspring from the cross of these
parental populations (step 2, Table 1); to deter-
mine the frequencies of gametes produced by F,
plants. The frequencies of the gametes in F, are ob-
tained from Table 1. step 2, as it is demonstrated in
step 3. Using the calculated frequencies of gametes
(step 3), to determine the frequencies of the geno-
types involving two genes tested (step 4, Table 1).
Through the use of the value of the empirical sample
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Table 1
Testing the pair of any components in the f-amylase spectrum as to independent transfer
of the genes controlling them into offspring
Cross component characterisation on §-Amy allele frequencies
Allele frequencies on 1* gene (&) Allele frequencies on Al eene (b)
Gnom | a 0.012 b, 0.614
Gnom | (1-a) 0,988 {1-b) 0.386
CGinom 3 a, 0.555 b, 0,269
Cinom 3 (1-a,) 0445 (1-h.) 0.731
Step 1
Gamete lorming in the Gnom | population Giamete forming in the Gnom 3 population
0.614{b,) 0.386(1-b) 0.269(h,) 0.T31-b,)
1012 (a) 0.0074 0.0046 0.555 (a,) 0.1493 0.40571
0,988 (1-a,) 0.6066 0.3814 0445 (1—a,) 0197 0.3253
Sum of gamete freguencies = 1 Sum of gamete frequencies = |
Step 2
Forming of the F| genotypes
Gnom | Gnom 3 = ab, (1—-a,)b, a,(1-b,} (1-aHl-b)
Il K L M N
(11493 0.1197 (4057 00,3253
ab, 1 0.0074 0.0011 0.0009 0.003 0.0024
(1-a b, 2 (L6066 0.0906 0.0726 0.2461 0.1973
afl-b) i L0046 00007 01,06 00019 00015
(1—a)1-h) 4 03814 0.0569 0.0457 0.1547 0.1241
Sum of gamete frequencies = |1
Step 3
abh = KI+|2K2+ 1 2K3+1 KA+ 1201+ 14031281+ 1 AMI+] /4N = 01252
(1—ajy = L2+ | 2K2+ 1 AR+ 1211+ AL+ 1204+ 1AM+ 12N+ /M4NT = 03163
a(l—b} = M3+1/2K3+12M 1+ 1 2M4+ | 2N+ AR+ 1AL+ 1 AM2+H 1 /aM D= 001583
(1—ad 1-b)=N2+1 204+ 1/20Ma+ 12N+ 1LINI LKA+ LAAL3+ | AAM 2+ I /4N = 0.4002
Step 4
Calculation of frequencies of the genotypes on components of B-amylase spectrum in F,
ab i1—ajh all-h) i 1—a)l—h)
K L M N
0.1252 01.3163 0.15%3 040072
Ab 5 0.1252 0.0157 0.0396 0.0198 0.0501
(1—ajb B 0.3163 (L0396 1, 101 0.0501 0. 1266
ail-h) 7 0.1583 00198 (L0501 10251 00634
(1—ad1-h) ] 0. 4002 0.0501 0. 1266 00634 0.1601
Sum of genotype frequencies = |
Step 5
ah = KS+K6+KT+KR+LA+LT+M3+Ma+N5 = 0,3348 - 852 = 285 (62)
b = L6-+N6+L8 = 0,3532 - 852 = 301 (659)
80 = MT+ME+NT =0 151K - 8§52 = 120 (40)
00 = N& = (b, 1601 - 8532 = 136 (51)
ISSN 0564-3783. Humoaoeun u cenemura. 2004, Ne 3 31
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F, (852), to calculate theoretical values of the phe-
notypic classes and compare them with the empirical
values (empirical values are represented parentheti-
cally after the calculated ones) using ¥* (step 5). If
the %* value exceeds appreciably the table values for
df =3, genes a and b cannot be considered as inde-
pendent at transmission from parents to offspring.

Following the algorithm (1)—(5), the genes cont-
rolling all nine components of f-amylase spectrum
were lested in pairs for independent transmission,
The %* values (Table 2) indicate that it is necessary
to test the hypothesis of two allele groups repre-
senting two independent genes: the spectrum com-
ponents 5, 6 and 7 (one gene) are transmitted inde-
pendently of spectrum components 1, 2, 3, 4, 8,
and 9 (another gene) in the majority of pair combi-
nations of the components.

Comparison of the spectra obtained from differ-
ent seeds in four parental populations and F, from
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all crosses shows both the spectra without any
components and spectra containing 8 components
out of 9. So, the spectrum can contain all six com-
ponents controlled by the second gene, whereas
only two components out of three ones controlled
by the first gene were discovered in all spectra. Rye
is diploid organism and any gene can be represented
in its genome by two alleles only. So, the first gene
has four alleles in the populations studied. Exp-
ression of three alleles of four ones results in the
spectrum components 5, 6, and 7, while the fourth
allele does not control synthesis of any isozyme
(null-allele).

Comparing theoretical frequencies of phenotypic
classes for the first gene f-Amy in F, (they are cal-
culated according to the algorithm step 1—step 5,
Table 1) with the empirical ones in the column BC,
Table 3 shows their discrepancy in all cases (see the
vZvalue in the same column). The character of this

Table 2

Results of studying the paired associations of the B-amylase spectrum components as to independent inheritance
of the genes controlling them (g values, df = 3)

Component Cros Component Cross
pair BK x G3 GIxG} | G2xG3 pair BKxG3 | GIxG3 G2 x G3
1-2 88,375 354,042 24,455 -7 40,037 25,689 22,884
1-3 91,902 300,22 9,150 3-8 40,854 45,508 61,117
1—4 68,949 388,062 55,788 3-9 46,470 124,460 39,331
1-5 10,998* 311,549 9,085 4-5 14,044 154,036 34,693
|—6 6,759 276,117 4,058 || 46 10,952 113,916 34,764
-7 14,950 272,782 25,093 4-7 15,936 109,537 45,204
-8 22,504 154,495 56,344 4-8 23,063 152,141 £4.436
-9 21,675 359,747 34.819 44 25,992 202,87 67,104
2-3 118,379 183,822 15,647 5-6 5,686 54,959 2740
24 45,664 177,716 38,541 5-7 10,792 52,000 25,546
2-3 19,823 111,763 3,05 5-8 12,104 74,788 55,55
26 18,043 71.906 11,187 =9 15,64 148,731 34,167
21,813 66,316 35,906 6-7 15,08 8263 33,641
2-% 24,939 92,148 54,559 68 6,785 32,761 54,732
259 3214 159,879 33,085 || 69 10,527 109,11 33,302
34 58,443 126,926 41,930 -8 36,109 28,144 63,513
-5 38,900 68,932 9,212 -9 19,176 104,514 45,028
16 34,77 26,120 9,801 49 18,883 144,941 46,071

* The values, which do not exceed the table values (o =0,001), are marked in thick print.
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Table 3
The frequencies of gametes and phenotypes on the first gene of S-Amy in generations F, and F,
from crossing four different rye populations
o CGiamete frequencies
Phenotype Empirical Theo- | Compo- F
classes retical nent i
BC AL B AL BC AL
BE = Gnom 3
T 47 64 frd T 01165 01,1745 01,1766 10,1206
b -+ 3l i) 0,058 00375
35 9 9 11 5 0,02 0,02 0,0422 0,02884
] 238 238 07 0 0,8053 0,08055 0,7436 (0,850
76 13 5
73 b 9 1
65 3 1
¥ 33,92 17,72 a0
Gnom 3 x BK
77 29 LT3 63 7 0.1165 00,1745 0, 1186 0, 1156
66 1 u b 0,0961
55 11 11 10 5 0,02 0,02 00385 0.0210
0 233 233 202 1] 0.8055 0, 8055 0, 7468 0.8633
7h 16 4
[k i 2 1
63 2 1
b i 2494 8,15 2
Gnom 2 % Gnom 3
77 46 70 42 7 0,126 0,075 0.2875 0, 1968
(] 1 26 ] 0,0815 0,065
35 2 2 b 5 (0.026 0,026 00125 0,0075
0 127 127 I8 0 (0. 7665 0, 7665 0,635 0,7957
76 23 4
3 { | 1
65 1 I
%! 41,63 4,29 200
Gnom 3 = Gnom 2
77 7 11 54 7 0126 0, 2075 00327 0,0233
66 I 34 f 0,0815 00115
55 14 10 11 5 0,026 0,026 0,004 00214
[1A] 233 238 53 0 0,7665 01,7665 0,915 0,9554
Th 3 5
T3 0 I 2
b5 1 1
e 88,35 84,66 260
Gnom 1 = Gnom 3
77 132 158 M1 7 0,1585 0,204 0,1561 0,098]
i3 24 56 6 00,0455 0,0299
55 1% I8 121 5 10,0945 01,0945 0,0217 00012
00 675 675 419 L] 0,7015 0,7015 04,7922 00,8906
Kis] 2 12
75 ] I 6
G5 I T
¥: N4 87 199 85 B5l
* BC — empirical frequencies before combining classes 77, 66, 76 in class 77, as well as the classes 75, 63 in class 75; AC —
empirical frequencies after class combining,
ISSN 0564-3783. umoaceun u cenemura, 2004, No 3 33
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discrepancy as well as our experience concerning
assessment of spectra allow us to suggest that the
components 6 and 7 are not always distinguished
from each other. In addition, in all cases the
empirical frequency of phenotypes 00 exceeds the
theoretical one. To correct the frequencies, the
phenotypic classes 77, 76, and 66, as well as 75 and
65 were combined (the column AC in Table 3).
Now we have four phenotypic classes instead of
seven ones and the fitting value of ? (see values ¥*
in column AC) for three crosses out of five crosses
studied. In two crosses, G3 = G2 and G1 = G3, the
empirical distribution of phenotypic classes was
not corrected by class combining. Just these two
distributions are characterised by essential excess
of the 00-penotypes in comparison with three
other crosses and lack of spectrum components
affects all three components, 5, 6, and 7. Qur expe-
rience allows us to perceive any methodical dis-
crepancy at developing the [-amylase spectrum,
which can not be now fixed and corrected.
Obviously, just owing to this circumstance, the
above crosses did not show the independent trans-
mission of alleles of the two hypothetical genes fi-
Amy (Table 3). According to the Hurdy-Weinberg
law [11], the frequencies, formed in the population
of gametes produced by the F, plants, will agree

with the frequencies of gametes produced by plants
F, under free interchange of gametes when there is
no selective pressure against specific ones. Gamete
frequencies with different alleles of the first gene -
Amy in these two generations are shown in Table 3.
Frequency fluctuations of the same gametes in two
consecutive generations were found to be casual by
comparison of their confiding interval at the signi-
fication level 0,001. According to our data, they
depend mainly on the experience error when
developing and assessing the electrophoregram-
mes. So, transmission of the first gene of B-Amy
from parents to offspring is suggested to be inde-
pendent of any selection factor.

Since 2nd gene of f-Amy can be represented in
the same genotype with six components of spec-
trum, the cluster nature of the alleles of this gene
may be deducted. To observe in diploid organism
the phenotypic dispersion from the absence of any
isozyme (component) in the spectrum up to six
isozymes including all possible combinations of
different isozymes, which was actually in our case,
minimum 12 alleles controlling synthesis of speci-
fic isozymes and 0-allele should be available in the
parental populations (Table 4). The allele compo-
sitions are supposed by common determining of
sufficient minimum of alleles taking into account

Allele frequencies of cluster 439812 in populations of the cross components*® Table
Baolg korotkost. Cinom 1 Grmom 2 Gnom 3
Alleles
BC AC BC B AC BC AC

439000 ] 0 0.0039 0.003 0.0577 0.038% D.0046 0.0046
OE12 0 1} 0 0 0144 (.0144 0.2315 0.1944
4000 00174 LKIIRT 0 0 0.0769 L0577 0. 1667 01667
A0EH 0145 0.0MET 0 0006 (10288 0144 0.0231 00231
4 000K 0.0872 0.0872 0. 1965 0. 1964 0.1 00577 0 0
00012 01221 0.1221 0.0178 00119 0.4038 0.4038 0.4120 0.412
(0802 0.0174 0.0116 0 0 (0096 (00596 00417 0.0417
(RO i 0 1] ] 0 i} 0.0092 (L0093
SO 0.5058 (h.505% (.5357 0.526% (L1683 0. 1298 (L0556 0.0509
000002 0. 1889 {11889 0. |488 0,128 00961 0.0817 00556 0.0417
CHOORDD 0.0232 0.0116 (044 (L0149 (.0240 0.024 0 0
OO0 ] ] 00327 0.0179 1} ] il 4]
LM 0.0232 00523 (005336 00952 00192 0. 1683 i 0.0556

* Frequencies, in which the values in the BC and AC columns differ from each other, are in thick print.
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Empirical and theoretical values of the phenotypical classes on the B-amylase spectrum in FJ' Table?
from erossing the four rye populations®
Phenatyp. BE= G3 Gl = G3 G2 = G3

clusses E ] o | AR E | & | &g E | B | A

4359000 9 334 31.31 20,27 1899 647 4.44
439812 2 017 014 1. (.63 1.53 0.90
430EK) 7 (.04 (.03 11 0.17 014 1 0.47 0.26
435012 (). 0.39 1.94 1.37 5.08 1.51
430802 .04 (.04 0.19 .13 0.32 0.22
439002 0.18 0.17 0.92 .55 0,94 0.53
000812 3 4364 36.06 3 92.53 T8.36 1505 JLES
409812 2 £ 5.69 7 16.89 14.19 I 6. 10 478
400E12 [ 25.83 2271 Il 67.47 6176 11.26 9.9
430812 3.23 .71 18.78 16,27 248 1.20
009812 (h.34 0.29 0.91 0.77 i 0.23 0149
030812 i 0 323 |48 0 0
OS0RI0 ] 2104 12,59 54.69 6. 58 9.32 11.97
SRR 1.85 1.29 I 27 324 1540 1.42
G001 2 3 15.73 15.24 | 30.52 30,10 2 19.87 18.30
409802 2 1.74 1.52 K 2958 2% I 1.25 1.5
409002 4 7.2 1, 58 14.51 12.04 4 369 277
400800 i 587 4,56 104 10.37 13.06 2.06 2.11
43R0 16 (.69 0.52 i 413 4.03 .65 029
400802 19 7.14 6149 105 12.92 12.87 2 210 1.58
30000 (=1} 877 988 87 T0.95 75.07 2 2.96 2,50
43(M112 13 T.45 7.45 34 8% 315.47 2 8.24 4,71
430802 .82 0.74 338 3.49 0.52 0.29
430002 341 n 1 16,58 14,19 1.53 0.71
(0012 il 45.71 51.75 v K6l 96.15 102 47.23 G1.61
(2012 0.7 070 1.6% 1.67 2 0.75 0.75
400012 44 47,97 47,58 43 108, 28 104,33 5 18.26 14.74
030012 | 0 ] 599 2 1 0 0
(OOR02 1w 364 3 .51 T.40 1.50 233
(802 (.04 (.08 (.16 .16 0.047 .05
(30R02 0 ] (.58 0.32 0 0
Q0000 0.0 0.17 0.23 el 0.02 0.21
(VM2 1 0.36 34 081 0.67 Q.14 0.11
ORI8O0 003 002 (.06 0.0 .02 0.02
(139000 0 0 13 0.07 0 0
A0 3 27,30 3441 95 57.96 108.21 10 293 5.68
400002 4ix 21.96 20,54 219 5147 41.75 2l 139 223
Q00002 | 5.69 B.23 33 13.56 17.03 i3 L.44 3.52
020002 | ] 0 2 285 1.20 i} 0
(R 2 013 0,21 0,39 1040 0.07 0.57
(130G 0 1] | 0.24 011 1] 0

* BC — theoretical frequencies are calculated wsing gametes out of BC columns of Table 4, AC are calculated using the
gametes out of the AC column of Table 4,
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the composition of all zygotes. Appearance of any
spectrum out of the totality of spectra which we
have recorded in four parental populations and in
F, from three crosses may be justified through the
pair combination of these alleles. Sorting the spectra
for the components 1, 2, 3, 4, 8, and 9 allows us to
determine availability and frequency of the alleles
listed in Table 4 in parental populations using for-
mula (1). Such simple deliberation was initial: the
genotype producing gametes contains two alleles,
they may be either identical or distinguish. In over-
whelming majority of cases, the observed spectra
allow us to differ heterozygotes from homozygotes
taking into account the listed minimal set of alleles
{column BC, Table 4). The main exception is for-
med by those genotypes, which may be heterozy-
gous over the gamete with 0-allele. In such cases,
the frequency of 0-allele was compared with the fre-
quency of that allele pairing with which the 0-alle-
le forms the zygote of doubtful genotype. When
the frequency of O-allele is essentially lower than
the frequency of expressing allele, the genotype is
regarded as homozygote. Then, involvement of
D-allele is excluded, decreasing in that way its fre-
quency in population. When the frequency of
0-allele is comparable with the frequency of
expressing allele, the genotype is regarded as hete-
rozygous (column AC, Table 4). In addition, there
are other doubtful conclusions about composition
of gametes giving rise (o specific zygote, such cases
are not numerous and the possible errors are disre-
garded. The frequencies of different alleles com-
bining one or another components of spectrum
vouch for such order of genes controlling the spe-
cific components in the cluster;

4 3 4 ] 1 2
- . . - “__ =
- L] L] - .__»

0 0 4] 0 0

Recombination inside of cluster, which was reali-
sed during evolution of rve, resulted in the great
number of alleles, which is detected in genetic ana-
lysis of the rye populations for f-amylase spectrurm.
The number of presumed alleles is restricted with
that minimum, that can explain the appearance of
actual genotypes. It is possible that the number of
alleles is greater. However, using the material rep-
resented, it cannot be revealed.

36

According to the algorithm (1)—(5), the theore-
tical values of phenotypic classes in the F, popula-
tions of the studied crosses were calculated. The
empirical frequencies never agreed with the theo-
retical ones (Table 5). However, there are two
common peculiarities: 1) lack of genotypes including
the alleles, which high frequencies are inherent in
the cross components; 2) the reciprocal crosses
show different results (data are not presented).
These two peculiarities are typical in a situation,
when the critical gene is linked with the self-
incompatibility gene. One of the genes for self-
incompatibility, 52, is indeed situated on chromo-
some SR [5], where the identified f-amylase gene,
f-Amy- 1, is localised |5]. Possibly, the gene which
we have identified is identical to fi-Amy-1 gene.
Comparison of the frequencies of gametes in two
consistent generations, F, and F,, shows two man-
ners of change in frequencies of gametes with dif-
ferent alleles for gene B-Amy-I: abrupt decrease in
high frequencies and abrupt increase in low fre-
guencies. At that, in contrast to the situation that
was considered for the first gene, which can be pre-
sumed to be f-Amy-2 gene earlier localised, on
chromosome |RL [5], confiding intervals for the
frequencies of the same alleles in generations F, u
F, never intersect. Such peculiarity is typical for
inheritance of genes linked with gene for self-
incompatibility [11]. So, the gene identified in our
rve populations is suggested to be identical to gene
f-Amy-1, situated on chromosome 5K and linked
with self-incompatibility gene S2, situated on the
same chromosome |3].

PEIKIME. JaHo TeopeTHUeCKHE 0DOCHOBAHNE W Mpea-
CTARMEH ANrOopHTM PACHETOR, CBAZAHHBIX C ONPEIcncHHEM
YACTOT TEHOB W MEHOTHIIOR B NONYIALHE TPH paboTe ¢ no-
NHMOPDHEM MPHIHAKOM, KOTIA TeHETHUECKOMY aHATHIY
TIOABEPraeTCd BHL C ODMHTATHEIM MEPeKPeCTHEIM ONbLTE-
Hues, Mnonbaoeaqme SeTeipex Nonysimi psH o rMdpH-
nos F,u F, 07 1X CKPeLLMBAHAA APYT C ADYTOM MO3BOMAN0
YCTAHOBHTE TEHETHULCKHI KOHTPONE COEKTPa f-aMHnased,
HOcHTHHUNPOBAE B2 MCHA, YCTAHOBME KOMHYCCTRO Ane-
DEH LIS KERCIOND M3 HUX M MOKAEE HLTHUHE CLETUICHHA
MeRay reHos J-Amy- 1 1 reHoM CaMOHECOBMECTIMOCTH 52

PEINOIME. Jano TeopeTHude obTPYHTYBAHHA | Hape-
OEHD AITOPHTM POSPAXYHKLS, NORATAHHK i3 BCTAHORISH-
HAM YACTOT TEHIB | TeHOTHNIR B NOMYAALT nNpH poboTi 3
FID."IJ'HGDIiIHOH] OIHAKOK, KOIHW MHETHYHOMY adaniay
AAaHD BHA 1 0ONIraTHHM MepexpecHiM JAmHIe HHAM.
BHKOPHCTAHHA 4OTHPLOX NONYAAWii xuTa i ribpuais F|

[55N 0504-3783. Lumoasoeus w eenemuna. 2004, Mo 3
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Grenetic analysis of a cross-pollinated species... B

ta F, Biz iX cXpellyBaHHA OIHOTO 3 OLHHM OAN0 3MOTY
BCTAHOBHTH MEHETHYHHA KOHTpONb cnexkTpa [f-aminaiu,
IOeHTHOIKYBABINK ABd IEHH, BUTAHOBHBIUKH KiNbKICTh
ANenin 418 KOKHOTO 3 HHX | NOKASARIN HAABHICTL CYen-
neHHs Mix reHos 3-Amy-/ Ta renom camoHecyMicHocTi 52
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