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Aim. The study was performed to characterize wheat cultivars of Ukrainian breeding using XBE44541,
Xfcp394 and Xfcp623 molecular genetic markers for the Tsnl and Tsc2 genes conferring sensitivity to the tox-
ins A of the necrotrophic fungi P. tritici-repentis and S. nodorum and toxin B of P. tritici-repentis. Methods.
PCR with primers flanking diagnostic markers of the genes and DNA samples of 160 common wheat (T. aes-
tivum L.) cultivars of Ukrainian breeding was used. Results. The frequency of the marker Xfcp394 allele for
ToxA insensitivity was extremely high and made up 96.3 %. The frequency of the marker Xfcp623 allele for
ToxA insensitivity was lower and made up 60.6 %. The accuracy of the marker Xfcp394 with respect to mark-
er Xfcp623 made up near 59 %. The total amount of the marker XBE444541 for ToxB insensitivity made up
66.8 %. Conclusion. The alleles for the ToxA and ToxB insensitivity of the Tsn1 and Tsc2 genes are common
among Ukrainian wheat cultivars and may be used for pyramiding in breeding process.
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ntroduction. Pyrenophora tritici-repentis (Died.) Drech. is a harmful and worldwide spread phy-

topathogen of wheat (the genus Triticum L.) and causative agent of tan spot. This necrotrophic
fungal pathogen is able to reduce the rate of photosynthesis per unit leaf area resulting in reduc-
tion of the kernel number per ear. It may be responsible for yield losses of about 5-10 % among
susceptible cultivars and more than 50 % under favorable conditions and significantly affect yield
quality [1, 2].

P. tritici-repentis races are determined according to their ability to cause necrosis in plants of
the wheat cultivar ‘Glenlea’ and (or) chlorosis in plants of the wheat lines 6B365 and 6B662. There
are three main host-selective toxins produced by P. tritici-repentis, namely PtrToxA (causes necro-
sis in plants of the wheat cultivar ‘Glenlea’), PtrToxB (causes chlorosis in plants of the wheat line
‘6B662’), PtrToxC (causes chlorosis in plants of the wheat line ‘6B365’) [3].

PtrToxA is one of well characterized host selective toxins, specific for P. tritici-repentis races 1,
2,7 and 8 [4]. Itis a protein of molecular weight 13.2 kDa and length 117 amino acid residues with
a globular structure stabilized by disulphide bonds [5, 6].

PrtToxB is also a low molecular, water-soluble, relatively thermostable host-selective protein
(6.61 kDa) of 63-64 amino acid residues in length [7]. This toxin is produced by P. tritici-repentis
races 5, 6, 7 and 8 [3].

Stagonospora nodorum (Berk.) E. Castell. & Germano is also a dangerous phytopathogen of
common and durum (T. turgidum L.) wheat, causative agent of S. nodorum blotch. It affects epiter-
ranean parts of plants and may cause yield losses among susceptible wheat cultivars up to 50 %
or up to 100 % in case of rainy weather during grain filling and total aggravation of yield quality
[8]. It was shown that S. nodorum fungi produce their own toxin A (SnToxA), which is functionally
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identical to PtrToxA and lends half or less of S. nodo-
rum virulence [9].

PtrToxA and SnToxA sensitivity in wheat plants is
governed by the single dominant gene Tsn1 [9, 10].
The Tsn1 gene was mapped on the long arm of wheat
chromosome 5B [10]. Xfcp393 and Xfcp394 were the
markers recommended as diagnostic for detection of
insensitivity to PtrToxA and SnToxA though according
to the literature for the cultivars ‘Cheyenne’, ‘Jagger’,
‘TAM105’, ‘Forno’, ‘Norstar’, ‘Ben’ and ‘Langdon’ a re-
combination between the gene and the marker was
observed [11].

Lately the Tsnl candidate gene was sequenced.
On the basis of the obtained sequence, the marker
Xfcp623 was proposed as diagnostic. It was localized
in intron 5 of the locus in position 4901...5280 [12].

A single gene localized on the short arm of wheat
chromosome 2B and named Tsc2 is responsible for
the sensitivity to PrtToxB [13]. The detailed investiga-
tion of the distal part of the chromosome 2B short
arm permitted revealing molecular markers flanking
the Tsc2 gene, of which the RLFP marker XBE444541
was modified into STS one. It was assumed to co-seg-
regate with the Tsc2 gene so far [14].

The field tests were performed to study P. tritici-
repentis resistance of Ukrainian wheat cultivars so
far [15—17] but the genetic background has not been
studied yet.

The aim of our research was to characterize wheat
cultivars of Ukrainian breeding using the XBE444541,
Xfcp394 and Xfcp623 molecular genetic markers for
the Tsn1 and Tsc2 genes conferring sensitivity to
PtrToxB, PtrToxA and SnToxA of the necronrophic fun-
gi P. tritici-repentis and S. nodorum.

Materials and methods

We analyzed DNA samples extracted from wheat
seeds of 91 cultivars developed in the Plant Breeding
and Genetics Institute (PBGI) of the National Academy
of Agrarian Science of Ukraine (NAAS), Odessa and 69
ones developed in the Remeslo Myronivka Institute
of Wheat (RMIW) of the NAAS jointly with the Insti-
tute of Plant Physiology and Genetics (IPPG), Ukraini-
an Academy of Sciences (160 in total). The complete
list of the cultivars is shown in tables 1 and 2. Besides
we analyzed the cultivar ‘Bezostaya-1’ as it is involved
in the pedigree of the majority of modern Ukraini-
an wheat cultivars. The ‘Chinese Spring’ cultivar was

used as the control for the «tr» allele of the markers
Xfcp394 and Xfcp623 (associated with the tsnl ToxA
insensitiveness allele of the gene) and the «tsr» al-
lele of the marker XBE444541 (associated with the
tsc2 PtrToxB insensitivity allele of the gene), the culti-
var ‘Katepwa’ was used as the control for the «Ts» al-
lele of the markers Xfcp394 and Xfcp623 (associated
with the Tsn1 toxin sensitive dominant allele of the
gene) and the «Tss» allele of the marker XBE444541
(associated with the Tsc2 toxin sensitive dominant al-
lele of the gene). The cultivars for the control were
kindly provided by the National Center for Plant Ge-
netic Resources of Ukraine of NAAS (Kharkiv). We ex-
tracted DNA from the sample of 25-30 mg. obtained
from grinding 5-7 seeds in a ceramic mortar with fur-
ther use of a Diatom™ DNA Prep100 DNA isolation kit
(the sales representative in Ukraine is Neogene® Com-
pany) following the standard protocol. PCR was per-
formed using GenPak® PCR Core Kits (the sales repre-
sentative in Ukraine is Neogene® Company) according
to the manufacturer’s recommendations. The marker
Xfcp394 has 3 alleles: 383 bp (associated with insensi-
tivity, further — «tr»), 328 bp (associated with sensitiv-
ity, further — «Ts»), null-allele (associated with insen-
sitivity, further — «null») [11]. The marker Xfcp623 has
2 alleles: 379 bp (associated with sensitivity, further
— «Ts») and null-allele (associated with insensitivity,
further — «tr») [12]. The marker XBE444541-STS has
2 alleles: 340 bp (associated with sensitivity, further
— «Tss») and 509 bp (associated with insensitivity, fur-
ther — «tsr», on the agarose gel electrophoresis it is
masked by nonspecific bands) [14].

We lowered the annealing temperature to 42°C for
the primer pair flanking the marker XBE444541. Be-
sides this PCR was performed according the literature
condition [11, 12, 14].

PCR results were visualized by electrophoresis in
2-2.5 % agarose gel in 0.5 x TBE buffer with subse-
guent staining with ethidium bromide and use of the
gel- visualization system VISION Gel.

Results and discussion

The data on the allelic state of the analyzed culti-
vars are presented in tables 1 and 2

As a result of PCR with DNA of the cultivar Bezosta-
ya-1 involved in the pedigree of the majority of Ukrai-
nian wheat cultivars we obtained the «Ts» allele
with the primers flanking the marker Xfcp623 and
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Table 1. The allelic state of the molecular markers Xfcp623 and Xfcp394 diagnostic for the Tsnl locus and XBE444541-STS

diagnostic for the Tsc2 locus in common wheat cultivars of the Steppe zone of Ukraine

. Tsnl Tsc2 . Tsnl Tsc2
Accession Accession
fcp623 fcp394 BE444541 fcp623 fcp394 BE444541

Albatros-odesskii tr tr tsr Olviya Ts -2 tsr
Antonovka tr tr tsr Otaman tr tr tsr
Bezmezhna? tr tr tsr Panna tr -2 tsr
Blagodarka-odeska Ts tr tsr Pelipivkal tr -2 tsr
Borviy! tr tr tsr Pisanka tr -2 tsr
Bunchuk tr tr tsr Podyakal tr tr tsr
Dalnitskaya Ts tr tsr Poklik?! tr -2 tsr
Dobrochyn? Ts tr tsr Poliovik tr tr tsr
Dobropolka? Ts tr Tss Poshana Ts p/m3 tsr
Dyuk Ts tr tsr Povaga tr tr tsr
Ednist tr Ts tsr Priboi Ts -2 tsr
Epokha-odeska tr tr tsr Prima-odesskaya tr -2 tsr
Fantaziya-odesskaya tr -2 tsr Promin Ts -2 Tss
Fedorovka tr -2 tsr Rozmay?! tr -2 tsr
Goduvalnytsya-odeska tr tr tsr Selena Ts -2 tsr
Golubka-odeskat tr tr tsr Selyanka Ts tr tsr
Gospodynya tr tr tsr Sirena-odesskaya Ts tr tsr
Gurt?! tr tr tsr Skarbnitsa tr tr tsr
Istynal Ts tr tsr Sluzhnitsya-odeska tr tr Tss
Kiriya Ts p/m3 tsr Strumok tr -2 tsr
Knyaginya-Olga tr tr tsr Suputnitsya tr tr tsr
Kosovytsya Ts tr tsr Tira tr -2 Tss
Krasunya-odesskaya tr -2 tsr Turunchuk Ts tr tsr
Kuyalnik tr tr tsr Ukrainka-odesskaya tr tr tsr
Kysen? tr -2 tsr Uzhinok? tr tr tsr
Lanoviy! tr -2 tsr Vatazhok?! tr tr tsr
Lada tr -2 tsr Vdala tr tr tsr
Lastivka-odeska tr tr tsr Viktoriya-odesskaya tr tr tsr
Lebidkal tr tr Tss Vyhovankal tr -2 tsr
Lelya tr tr tsr Yubileinaya-75 Ts -2 tsr
Liona tr tr tsr Yunnat-odesskii tr -2 tsr
Lira tr -2 tsr Zadumka? tr -2 Tss
Litanivka tr tr tsr Zagrava-odeskal tr tr tsr
Luzanivka-odeska tr -2 tsr Zamozhnist Ts tr tsr
Lyubava-odesskaya tr -2 tsr Zaporuka? Ts tr tsr
Misiya-odeska tr tr tsr Zastava-odesskaya Ts -2 tsr
Nebokrai tr tr tsr Zemlyachka-odesskaya tr null tsr
Nikoniya tr tr tsr Zhayvirl tr tr tsr
Odeska-napivkarlikova Ts -2 tsr Zhuravka tr tr tsr
Odesskaya-162 Ts -2 tsr Zmina Ts tr tsr
Odesskaya-265 Ts -2 tsr Znahidka-odeska? tr tr tsr
Odesskaya-267 tr tr Tss Zorepad! tr tr tsr
Odesskaya-51 Ts -2 tsr Zustrich tr tr tsr
Odesskaya-95 Ts -2 tsr Zvytiagal tr -2 Tss
Odesskaya-krasnokolosaya tr tr tsr Zysk?! tr -2 tsr
Oksamitna? tr tr tsr

Here and in Table 2: 1 the cultivars names are given by the transliteration rules from the Ukrainian (the other ones are cited according to
http://wheatpedigree.net); 2 no research using a marker was performed; 3 polymorphic samples, both diagnostic bands were obtained
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Table 2. The allelic state of the molecular markers Xfcp623 and Xfcp394 diagnostic for the Tsnl locus and XBE444541-STS
diagnostic for the Tsc2 locus in common wheat cultivars of the Forest Steppe zone of Ukraine

Accession Tsni Tsc2 Accession Tsni Tsc2
fcp623 fcp394 BE444541 fcp623 fcp394 BE444541

Bogdana tr tr tsr Mironovskaya-66 Ts Ts Tss
Demetra Ts -2 Tss Mironovskaya-67 Ts tr Tss
Dobirna Ts tr tsr Mironovskaya-68 tr -2 tsr
Dostatok tr tr tsr Mironovskaya-808 Ts p/m3 Tss
Ekonomka Ts tr tsr Mironovskaya-rannespelaya tr tr Tss
Ekspromt Ts -2 tsr Monotip tr tr tsr
Favoritka tr tr tsr Natalka Ts Ts tsr
Hurtovina Ts Ts tsr Oberig-Mironivskiil tr tr tsr
Ilichevka Ts -2 Tss Palyanitsia Ts tr tsr
Kalinova Ts tr Tss Pamyati-Remeslo Ts tr tsr
Khazarka Ts tr tsr Pereyaslavka Ts tr tsr
Kievskaya-ostistaya tr -2 tsr Perlina-lisostepu Ts -2 Tss
Kolos-Mironovshchiny Ts tr Tss Pivna tr tr tsr
Kolumbiya Ts -2 tsr Podolyanka tr tr tsr
Krizhinka Ts tr Tss Slavna tr p/m3 tsr
Lasunya Ts tr tsr Smila? Ts tr tsr
Legenda-Mironovska? Ts tr Tss Smuglyanka tr tr tsr
Madyarka tr tr tsr Snigurka Ts tr tsr
Mirlena Ts tr Tss Snizhana Ts tr Tss
Mironivska-storichna tr tr Tss Sonechko? Ts tr Tss
Mironovskaya-10 Ts -2 tsr Svitanok-Mironivskii tr tr tsr
Mironovskaya-11 tr -2 tsr Svyatkova Ts tr Tss
Mironovskaya-264 Ts -2 tsr Ukrainka Ts -2 tsr
Mironovskaya-27 Ts tr Tss Unikum (Yavorina) tr tr tsr
Mironovskaya-28 tr -2 tsr Vdyachna tr tr Tss
Mironovskaya-29 tr -2 Tss Vesnyanka Ts tr tsr
Mironovskaya-30 Ts tr Tss Vesta Ts tr Tss
Mironovskaya-31 Ts -2 tsr Volodarka tr tr tsr
Mironovskaya-32 tr -2 tsr Voloshkova Ts tr tsr
Mironovskaya-33 tr -2 tsr Volynskaya-2 tr -2 Tss
Mironovskaya-34 tr -2 Tss Yasnogirka tr tr tsr
Mironovskaya-35 tr -2 Tss Yubilyar-mironovskii Ts tr Tss
Mironovskaya-40 tr -2 tsr Zimoyarka tr tr tsr
Mironovskaya-61 Ts tr Tss Zolotokolosa tr tr tsr
Mironovskaya-65 tr null tsr

the «tsr» allele with the primers flanking the marker
XBE444541.

The examples of the elecrophoregrams with PCR
results are shown in figures 1-3.

The frequency of the «tr» allele of the marker
Xfcp394 for ToxA insensitivity was extremely high and
made up 96.3 % (including polymorphic cultivars). Sin-
gle amplified bands specific for the «Ts» allele were
obtained for the cultivars ‘Ednist’, ‘Hurtovina’, ‘Natal-

ka’, and ‘Mironovskaya-66". The cultivars ‘Katepwa’,
‘Kiriya’, ‘Poshana’ and ‘Mironovskaya-808’ were poly-
morphic. The frequency of the «tr» allele of the mark-
er Xfcp623 was lower and made up 60.6 % (97 culti-
vars of 160 analyzed). For the cultivars developed in
the Steppe zone of Ukraine the amount of those with
this allele made up 72.5 % (or 66 cultivars of 91 ana-
lyzed), for the cultivars developed in the Forest Steppe
zone this proportion was about 45 % (or 31 culti-
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Figure 1. Electrophoregram of the amplification products with the
primer pair flanking the marker Xfcp394 for some cultivars of PBGI
breeding in 2 % agarose gel. L — 50 bp ladder; 1 — ‘Katepwa’; 2 —
‘Chinese Spring’ 3 — ‘Albatros-odesskii’; 4 — ‘Zmina’; 5 — ‘Misiya-
odeska’; 6 — ‘Kosovytsya’; 7 — ‘Gospodynya’; 8 — ‘Kiriya’; 9 —
‘Turunchuk’

Figure 2. Electrophoregram of the amplification products with
the primer pair flanking the marker Xfcp623 for some cultivars
of PBGI breeding in 2 % agarose gel. 1 — ‘Katepwa’; 2 — ‘Chinese
Spring’ 3 — ‘Albatros-odesskii’; 4 — ‘Zmina’; 5 — ‘Misiya-odeska’; 6
— ‘Kosovytsya’; 7 — ‘Gospodynya’; 8 — ‘Kiriya’; 9 — ‘Turunchuk’, 10 —
‘Ednist’; L—50 bp ladder

T 15 2% 8 ok DB & F B3 WAL a2

Figure 3. Electrophoregram of the amplification products with the
primer pair flanking the marker XBE444541 of the Tsc2 gene for
some cultivars of the Forest Steppe zone of Ukraine in 2 % agarose
gel. L — 100 bp ladder; 1 — ‘Katepwa’; 2 — ‘Chinese Spring’; 3 —
‘Vesnyanka’; 4 — ‘Mirlena’; 5 — ‘Mironovskaya-66’; 6 — ‘Snizhana’;
7 — ‘Mironovskaya-61’; 8 — ‘Krizhinka’; 9 — ‘Mironovskaya-67’;
10 - ‘Mironovskaya-rannespelaya’; 11 — ‘Mironovskaya-30’; 12 —
‘Podolyanka’; 13 — ‘Mironovskaya-808’

vars out of 69 analyzed). The accuracy of the marker
Xfcp394 with respect to Xfcp623 made up near 59 %
(the amount of similar data obtained with this mark-
er and Xfcp623 for the cultivars studied). The total
amount of the «tsr» allele of the marker XBE444541
for ToxB insensitivity made up 66.8 % (or 107 cultivars
out of 160 analyzed). The ratio of this allele for the cul-
tivars developed in different climatic zones appeared
to be close and made up 70.3 % (or 64 out of 91) for
the cultivars of the Steppe zone and 62.3 % (or 43 out
of 69) — for the Forest Steppe zone of Ukraine.

We demonstrated rather high frequencies of the
«tr» allele of the marker Xfcp623 of the Tsnl gene
and the «tsr» allele of the marker XBE444541 of the
Tsc2 gene among Ukrainian wheat cultivars. On the

other hand PCR results on the marker Xfcp394 may
be doubted. This marker showed the same results as
Xfcp623 and indicated sensitivity (insensitivity) to the
toxins A according to literature [11, 12] but the possi-
bility of segregation was as well shown [11]. Our study
showed a 59 % coincidence between the results with
the marker Xfcp394 and Xfcp623, the latter is sup-
posed to be more accurate as it was located in the in-
tron 5 of the locus [12].

Recently the contribution of genetic factors in re-
sistance and susceptibility to necrotrophic fungi was
searched for some wheat pathogens in detail [18-20].
It was shown, that many QTLs and yet undiscovered
genes take part in interaction between P. tritici-repen-
tis and T. aestivum [20]. The authors [20] confirmed
the role of Tsn1 and Tsc2 along with other genes in
pathogenesis and revealed additive effects, which
suggested the efficiency of resistance gene accumula-
tion in breeding for tan spot resistance.

According to the previous study among the culti-
vars carrying the «tr» allele of the marker Xfcp623 and
the «tsr» allele of the marker XBE444541, 22 cultivars
proved to carry the «Lr34+» allele of the marker css-
fr5[21] and 8 of the markers calSBP1+caSNP12 of the
Lr34 gene associated with resistance against leaf, stem
and yellow rusts, powdery mildew and barley yellow
dwarf virus [22]. Those cultivars may be a source of
the complex resistance against ToxA-producing races
of P. tritici-repentis and S. nodorum and ToxB-produc-
ing races of P. tritici-repentis and against rust fungi.

Conclusion

One hundred and sixty common wheat cultivars
of Ukrainian breeding were characterized using PCR
markers Xfcp394, Xfcp623 and XBE4444541 diagnos-
tic for the Tsn1 and Tsc2 genes associated with sensi-
tivity to PtrToxA, PtrToxB and SnToxA. The frequency
of the marker Xfcp394 allele for ToxA insensitivity was
extremely high and made up 96.3 %. The frequency
of the marker Xfcp623 allele for ToxA insensitivity was
lower and made up 60.6 %. The accuracy of the mark-
er Xfcp394 with respect to Xfcp623 made up near
59 %. The total amount the marker XBE444541 allele
for ToxB insensitivity made up 66.8. The alleles for the
ToxA and PtrToxB insensitivity of the Tsn1 and Tsc2
genes are common among Ukrainian wheat cultivars
and may be used for pyramiding in breeding process.
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MAPKEPIB FEHIB, ACOLLINOBAHUX I3 YYT/IUBICTIO
00 TOKCUHIB A TA B PYRENOPHORA TRITICI-REPEN-
TIS | TOKCUHY A STAGONOSPORA NODORUM CEPE/,
YKPATHCbKUX COPTIB MIWWEHULI M’AKOI
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Merta. [locnigKeHHs 6yno npoBeseHe 3 METOK OXapaKTepu-
3yBaTW COPTU MLEHULi YKPAiHCbKOI ceneKuii 3 AonomMorow
MOJIEKYNIAPHO-TEHETUYHUX MapKepis XBE444541, Xfcp394
Ta Xfcp623 rexis Tsnl Ta Tsc2, wo 3abesnevyioTb YyTAMBICTb
00 TOKCUHIB A HeKpoTpodHux rpmbis P. tritici-repentis Ta
S. nodorum i TokcuHy B P. tritici-repentis. Metogu. byno Bu-
KopuctaHo MJIP i3 nparimepamu, wo $GaaHKyTb AiarHOCTUY-
Hi mapKepwu reHis i 3paskamm JHK 160 copTis nweHULi M’ aKoi
(T. aestivum L.) ykpaiHcbKoi cenekuii. Pesynbratn. YacTtota
anens mapkepa Xfcp394, acouiioBaHOro 3 HeYyTAUBICTIO [0
ToxA, pocutb BMUCOKa i cknagae 96,3 %. Yactota anena map-
Kepa Xfcp623, nos’asaHoro i3 HeuyTauBicTio f0 ToxA, meHLwwa
1 ctaHoBUTb 60,6 %. TouHicTb MapKepa Xfcp394 nopiBHAHO
3 Xfcp623 cknapae npnbamsHo 59 %. 3aranbHa YacTka anens
mapKepa XBE444541, acoujiioBaHOro 3 He4yTimBicTio 4o ToxB,
cKnana 66.8 %. BucHoBKu. Aneni reis Tsnl Ta Tsc2, nos’s3a-
Hi 3 HeuyTamBicTio Ao ToxA Ta PtrToxB, nowwupeHi cepep, ykpa-
THCbKUX COPTiB NLWEHWLL 1 MOXKYTb BYTM BUKOPUCTaHI 414 nipa-
MigyBaHHA B NpoOLLECi cenekKuii.

Kniouosi cnosa: nweHnua m’aka, })KoBTa NASMUCTICTb, CENTOPI-
03, MOJIEKYNIAPHO-TEHETUYHI MapKepw.
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Lienb. MccnepoBaHune 66110 NPOBEAEHO C LIENbIO OXapaKTepu-
30BaTb COPTa MLEHWLLbl YKPAUHCKOW CenekLumn npu nomoLm
MOJIEKYNAPHO-TEHETUYECKUX MapKepoB XBE444541, Xfcp394
n Xfcp623 reHos Tsnl w Tsc2, obecneumsatowmnx YyBCTBU-
TE/NIbHOCTb K TOKCMHam A HeKpoTpodHbIx rpubos P. tritici-
repentis n S. nodorum v TokcuHa B P. tritici-repentis. Metogbl.
Bbina ncnonbsosaHa MUP ¢ npaimepamu, dnaHkupyowmmm
OMarHoCTMYecKMe MapKepbl reHoB, M obpasuamu HK 160 cop-
TOB MLWEeHULbl MaArkol (T. aestivum L.) yKpanHCKOM cenekumm.
Pe3synbTatbl. YacToTa annenu mapkepa Xfcp394, accoummpo-
BaHHOWM C HEYYBCTBUTE/NIbHOCTbIO K TOXA, AOCTAaTOYHO BbICOKA
1 coctasnset 96,3 %. YactoTa annenu mapkepa Xfcp623, acco-
LUMUPOBAHHOM C HEYYBCTBUTENbHOCTBIO K TOXA, MeHblUe U co-
ctasnset 60,6 %. TouHOCTb Mapkepa Xfcp394 no oTHOWEHUIO
K Xfcp623 coctaBuna npnbamnsmtensHo 59 %. O6was gons an-
nenn mapkepa XBE444541, accoumMmMpoBaHHOW C HEYyBCTBU-
TenbHOCTbIO K ToxB, coctaBuna 66,8 %. BoiBogbl. Annenn re-
HOB Tsnl n Tsc2, cBA3aHHble C HEYYBCTBUTE/IbHOCTbIO K TOXA
n PtrToxB, pacnpocTpaHeHbl cpean YKPanHCKUX COPTOB Mnule-
HULBI U MOTYT BbITb MCMONBb30BaHbI AN NMPAMUAMPOBAHUSA B
npouecce cenekumnm.

KnioueBble cnoBa: nweHuUa MArKas, Xentasa MATHUCTOCTb,
CenTopmnos, MONEKYNAPHO-TreHeTUYECKME MapKepbl.

ISSN 1810-7834. BicH. YKp. moe-8a 2eHemukig i ceneKkuioHepie. 2015, mom 13, Ne 1 17



