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Modern Ukrainian bread wheat varieties are not enough characterized by the al-
leles of Ppd genes and there is very restricted information about haplotypes of these genes
in Ukrainian wheat genetic pool. The dominant alleles (a) of Ppd-A1 (2A), Ppd-B1(2B),
Ppd-D1 (2D) genes reduce sensitivity to photoperiod thus shorten the period until earing and
genotypes with recessive alleles (b) have a strong reaction to the photoperiod. Haplotypes
of Ppd-D1 gene could also affect photoperiod sensitivity. According to PCR analysis with
allele specific primers most investigated varieties were characterized by Ppd-A41b and Ppd-
B1b alleles. 40 varieties (81.2 %) had the deletion upstream the coding region of Ppd-DI
gene, that distinguish Ppd-Dla allele. Also, we analyzed haplotypes of Ppd-D1 gene. There
was shown presence of VII haplotype of Ppd-D1 gene for 79.6 % of varieties. The varieties
with I (2 %), 11 (6 %), 111 (10 %) haplotypes of the Ppd-D1 gene were less frequent. One va-
riety was heterogeneous by Ppd-D1a/b alleles. From the tested ones only varieties of winter
bread wheat from The V.M. Remeslo Myronivka Institute of Wheat (MIP) were polymor-
phic by investigated genes that highlight the importance of Ppd-A1b, Ppd-B1b and Ppd-D1a
alleles for environmental conditions in the Ukraine. The haplotype (III) was detected in
genotypes of 5 varieties — three of them from MIP and in varieties Etos and Yevdokiia. Also
this haplotype was found in the well known old variety created in 1938 year — Odes’ka 3 —
by Guo et al. [14], thus transposable element (TE) insertion in the 1 intron of Ppd-D1 gene
was historically present in the background of Ukrainian wheats. Simultaneously, spring
wheat varieties have higher level of genetic polymorphism at Ppd-D1 loci than winter bread
wheat varieties, maybe this locus and sensitivity to photoperiod is not critical for adaptabil-
ity of spring wheat.
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The growth and development of plants are significantly affected by light period. Cereals,
including bread wheat (Triticum aestivum L.), react to change in the duration of light day by ac-
celerating or slowing down the development. The degree of such reaction in bread wheat depends
mainly from three genes that are localized in the second chromosome of each wheat subgenome
A, B and D: Ppd-Al (2A), Ppd-B1(2B), Ppd-D1 (2D). The dominant alleles (a) of Ppd genes
reduce sensitivity to duration of the day thus shorten the period until earing and genotypes with
recessive alleles (b) have a strong reaction to the photoperiod [17].

According to Langer et al. [16], Ppd-D1 gene is the major factor affecting flowering time
in population of 410 winter wheat varieties (that was evaluated in multi-location field trials),
explaining 58 % of the genotypic variance. Copy number variation at the Ppd-B1 locus explains
only 3.2 % of the genotypic variance [16].
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Previously well characterized Ppd-DIa and sensitive Ppd-D1b alleles did not perfect-
ly explain the broad adaptation of wheat to photoperiod variation. Guo et al. [14] detected se-
veral mutations in nucleotide sequences of Ppd-DI which designated six haplotypes (I — VI)
of the Ppd-D1 gene (Fig. 1). The highest expression level (pick time in the morning in short-
day conditions) was observed for haplotype I with shortest days to heading [14]. All haplotypes
also affected significantly other agronomic traits: days to heading, plant height and 1000-kernel
weight tested in three environments in China [14].
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Fig. 1. Schematic structure of Ppd-D1 gene according to Guo et al. [14] with localization of the primers

that have been applied in this investigation. Tall rectangles represent coding regions, low rectangles
represent the introns, 5'UTR and 3'UTR regions

Previously there was no information about haplotypes of Ppd-D1 in Ukrainian varieties.
The aim of the work was to determine alleles of genes Ppd-A1, Ppd-B1 and haplotypes of
Ppd-D1 for modern winter and spring wheat varieties using molecular markers.

Materials and methods

As the material there were used the mostly modern winter wheat varieties from: Bilat-
serkovska Experimental Breeding Station (BEBS; 41°64° N 31°08’ E) — Bilatserkovska polu-
karlikova (1999), Olesya (2001), Pearlyna lisostepu (2001), Elegiya (2003), Yasochka (2006),
Lybid (2006), Tsarivna (2008), Lisova pisnya (2008), Romantyka (2009), Vidrada (2010), Tsche-
dra nyva (2011), Charodiyka bilotserkivska (2011), Vodogray bilotserkivsky (2014); The V.M.
Remeslo Myronivka Institute of Wheat (MIP; 49°64° N; 31°08° E) — Beregynya myronivs’ka
(2016), Horlytsya myronivs’ka (2016), Economka (2008), Zymoyarka (2007), Kryzhynka (2002),
Legenda myronivs’ka (2012), Myronivs’ka zolotovercha (at the varietal testing), Myronivs’ka 65
(2000), Myronivs’ka storichna (2009), Myronivs’ka rann’ostyhla (2002), Oberig myronivs’ky
(2014), Pamyati Remesla (2009), Svitanok myronivs’ky (2014), Juviliyar myronivs’ky (2009);
Poltava State Agrarian Academy (PSAA; 49°71’ N, 34°51° E) — Dykan’ka (2005), Levada (2005),
Sahaydak (2010), Sydor Kovpak (2008*), Tsarichanka (2013), Lyut’enka (2009*), Sonata pol-
tavska (2018), Vilshana (2010), Govtva, Orzhytsa (2013), Karmelyuk (2015), Kolomak 3 (1997),
Kolomak 5 (1997), Ukrainka poltavska (2000); spring wheat varieties — Krasa Polissia (2003)
(Nosivska Breeding and Research Station), Ethos (Saaten-Union GmbH), Struna myronivs ka
(2008) (MIP), Yevdokiia (2007) (The Plant Production Institute nd. a. V. Ya. Yuryev of National
Academy of Agrarian Sciences of Ukraine), Etiud (2006) (MIP), Nedra (2007) (National Scien-
tific Center “Inctitute of Agriculture of NAAS”), Natasa (2009) (Institute of Field and Vegetable
Crops, Novi Sad, and “NS SEME-UKRAINA”, Torchyns’ka (Peasant farming “Roden’ 10”).
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DNA was isolated according to [5]. Allele-specific PCR with the primers recommended
by Beales et al. [10], Nishida et al. [19] and Gao et al. [14] to Ppd-A1, Ppd-Bl, Ppd-D1 genes
were used (Table 1).

The amplification products were fractionated by electrophoresis in 1 % agarose gel and
visualized using the Gel Doc ™ XR + System Bio-Rad video system (USA) and also in 7 %
polyacrylamide gel strained with AgNO,, according to Promega [20]. The sizes of the amplified
fragments were estimated using the standard molecular weight pUC19 / Msp I, Gene ruler 100
bp and ladder mix.

Table 1

PCR primers for detecting alleles of Ppd-A1, Ppd-BI and Ppd-D1 in bread wheat,
that have been applied in the investigation

Locus Allele Forward and reverse primers EXFS) ie;;e(tti)[l)))a nd Reference
Ppd-Al  Ppd-Ala ?Zfﬁiifg"gggigﬁiﬁiaics 338 Nishida et al. [19]
Ppd-Al  Ppd-Alb gz:;%ttga‘;;gzgtggtg;gz_’y | 299 Nishida et al. [19]
o aelmcny 00 i

5’-acgcctcecactacactg-3’
5’-cactggtggtagctgagatt-3’
5’-acgcectcecactacactg-3’
Ppd-D2 Ppd-DIb 5’-gttggttcaaacagagage-3’

16 bp insertion 5’-gatgaacatgaaacggg-3’
Exon 8 5’-gtctaaatagtaggtactagg-3’
5’-aggtccttactcatactcaatctca-3’

Ppd-DI  Ppd-Dla 288 or 2377 Beales et al. [10]
414 or 453 Beales et al. [10]

Ppd-P3 320 or 336 Beales et al. [10]

Ppd-P4 TE deletion 5*_cteccattgtiggtatigtta-3° 2612 Guo et al. [14]

prars Hbdionos TS g5 Gt (9

Ppd-ps 0P deletion g::ﬁgf;iiig;fff;;_‘;: 1,032 0r 1,027 Guo et al. [14]

Ppa-p7 Qb GSletion 3 et 1840r179  Guoetal.[14]
Results

According to our previos data [1] MIP wheat varieties have been differentiated into three
groups, with different genotypes corresponding to the alleles of Ppd-1 genes: I group — genotype
Ppd-Ala Ppd-Blb Ppd-D1a — Horlytsya myronivs’ka (in later investigations we detected also
Ppd-A1b allele in this variety); Il group — genotype Ppd-A1b Ppd-B1b Ppd-DIa — Kryzhynka,
Legenda myronivs’ka, Myronivs’ka 65, Myronivs’ka rann’ostyhla, Oberig myronivs’ky, Pamyati
Remesla, Svitanok myronivs’ky, Juviliyar myronivs’ky, Economka; III group — genotype Ppd-
Alb Ppd-B1b Ppd-D1b — Beregynya myronivs’ka, Zymoyarka, Myronivs’ka zolotovercha, My-
ronivs’ka storichna.

Almost all of these varieties had significant pair differences according to the earing date on
the natural photoperiod, with a minimum difference of 5.38 days for Myronivs’ka storichna and
Beregynya myronivs’ka, the maximum difference was observed between Myronivs’ka storich-
na and Zymoyarka — 27.82 days [1]. The difference in flowering time between Myronivs’ka
storichna and Zymoyarka could not be precisely explained by the alleles of the Ppd-A1b Ppd-B1b
Ppd-D1b. Also we detected significant differences (P=0,05; P=0,01) between MIP varieties with
Ppd-Alb Ppd-Blb Ppd-Dla genotype in natural photoperiod in vegetable vessels in each year
(2014, 2015 and 2016). Thus, we analyzed haplotypes of Ppd-D1 gene in MIP wheat varieties.
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Winter wheat varieties from the breeding stations of Central (BEBS) and East (PSAA)
region of Ukraine were characterized by alleles Ppd-A1b/Ppd-B1b/Ppd-D1a. The start of the ear
emergence for BEBS varieties differ not significantly in average 5 days in three years field trials.
Spring wheat varieties were divided into two groups: Ppd-A1b/Ppd-B1b/Ppd-Dla
and Ppd-A1b/Ppd-B1b/Ppd-D1b. Plants from varieties Krasa Polissia, Yevdokiia, Nedra and
Torchyns’ka were characterized as strongly sensitive to photoperiod, whereas Etiud was weakly
sensitive to photoperiod; Struna myronivs'ka, Natasa and Ethos have middle sensitivity to photo-
period according to State Register of Plant Varieties Suitable for Dissemination in Ukraine [3, 4].
As a result of investigation of Ppd-DI sequence structure by using molecular markers
recommended by Beales et al. [10] and Guo et al. [14] different haplotypes have been revealed
among investigated varieties (Table 1). Two polymorphisms: a 2089-bp deletion upstream the
coding region and the mariner-like transposable element (TE) insertion in intron 1 were found in
Ukrainian bread wheat varieties (Table 2). Thus among 49 wheat varieties analyzed in this study,
40 varieties (81.6 %) had a 2089-bp deletion upstream of the coding region corresponded to the
photoperiod-insensitive Ppd-Dla allele. One variety — Nedra — was heterogeneous according
the presence of this deletion. The photoperiod-sensitive Ppd-D1b allele was detected in the 8
remaining varieties. In the genotypes of 5 varieties absence of the mariner-like TE in intron 1
of the Ppd-D1 gene were detected (Fig. 2, A, B). Thereby, 4 combinations of the 2 mentioned
polymorphisms (Table 2) were detected in the tested wheat varieties.

Table 2
Ppd-D1 haplotypes identified in the investigated bread wheat varieties
Ppd-D1 haplotype | Variety [24bp+15bp] 2kb [TE | 5bp | 16bp
I Etiud - - — + -
/11 Nedra - +/— - + -
r Krasa Polissia, Torchyns’ka, B N B n B
Zymoyarka
Myronivs’ka storichna, Myronivs’ka
r zolotovercha, Beregynya - + + + -
myronivs’ka, Etos, Yevdokiia
vIr- Other 39 varieties + + -

Notes. " — Haplotypes designated by Guo et al. [14]; ™ — Haplotype designated by Chen et al. [12]. Insertions
and deletions are indicated by +and -, respectively

A B
Fig. 2. Electrophoresis of PCR amplification fragments of wheat varieties with marker Ppd-P5: A — 1 —
Beregynya myronivs’ka; 2 — Myronivs’ka storichna; 3 — Zymoyarka (1); 4 — Zymoyarka (2); B—1—
Krasa Polissia; 2 — Ethos; 3 — Struna myronivs'ka; 4 — Yevdokiia; 5 — Etiud; 6 — Nedra; 7 — Natasa;
8 — Torchyns’ka; M — pUC 19 / Msp I; M1, M2 — molecular weight marker ladder mix
In variety Zymoyarka (MIP) TE insertion from the first intron was absent (Fig. 2A), all
other varieties from MIP had this insertion. The presence of TE insertion in the first intron reduces
the expression level of Ppd-D1b [12] and, as we assume, due to this, MIP varieties with Ppd-D1b
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eared later for 11-28 days than Zymoyarka on the natural photoperiod in artificial conditions [1].
Although in this variety the biggest difference between time of earing was detected on the natural
and short photoperiod in artificial conditions as compared to with winter wheat varieties from
MIP. According to Vlasenko et al. [2] variety Zymoyarka is not a descendent of varieties Ukrain-
ka or Myronivs’ka 808 as a majority of other investigated MIP varieties, but could have in the
pedigree cv. Krymka or germplasm of some other Ukrainian varieties. It is known that Krymka
is one from the old and very heterogenic varieties. Deletion in exon 7 (size 5 bp) was absent in
tested varieties from MIP.

Investigated varieties from BEBS and PSAA have not polymorphism in Ppd-D1 locus, all
these varieties have 2089-bp deletion upstream of the coding region, TE insertion in 1 intron; 5
bp deletion in exon 7 and 16 bp insertion in exon § were absent in their genotypes and thus these
varieties were corresponded to the VII haplotype.

Discussion

According to Langer et al. [16] allele Ppd-D1a is rare in the UK, Denmark, Germany, Po-
land, the Czech Republic and in Austria, and it is predominant in Eastern Europe and Russia. In
our previous investigations among the 27 varieties of spring wheat from the collection of Natio-
nal Centre of Genetic Resources of Ukraine, 22.2 % of tested varieties were characterized by the
presence of the Ppd-D1a allele, indicating weak sensitivity of varieties to the photoperiod, 11 %
of varieties were heterogeneous, and 66 % had the Ppd-D1b allele. All 34 investigated varieties
from Institute of Cytology and Genetics of Siberian Branch of Russian Academy of Sciences
were the carriers of allele Ppd-D1b [7]. We revealed the widespread distribution of the Ppd-D1b
allele among the spring varieties of various climatic zones of Ukraine and the Russian Federation.
It should be noted that among the modern winter wheat varieties from Ukraine, the varieties crea-
ted in the south region mostly have the allele Ppd-Dlia [1, 8, 11]. In this work we revealed that
79.6 % of varieties corresponds to the VII haplotype and only one variety — to the I haplotype.
In the investigations of Guo et al. [14], the varieties with I haplotype have the highest frequency
among world wheat germplasm. The same situation was detected by Chen et al. [12] in the bread
wheat from the Yellow and Huai Valley of China. The difference between I and VII haplotypes
can be explained by absence of TE insertion in the first intron in the I haplotype. Absence of TE
insertion can be identificated by presence of fragment 1005 bp which is generated in PCR with
marker Ppd-P5 and we have not tested amplification fragment 1005 bp with marker Ppd-P5 for
39 wheat varieties. The III haplotype was found in the famous old variety Odes’ka 3 by Guo et al.
[14], thus TE insertion in the 1 intron of Ppd-D1 gene was historically present in the gene pool
of Ukrainian wheats. In this investigation of Ukrainian wheat varieties the 5-bp deletion in exon
7, 16-bp insertion in exon 8 and a 24-bp plus a 15-bp insertions in the 2-kp upstream region were
not found. Earlier Guo et al. [14] have found the genotypes that have 24-bp plus 15-bp insertions
in the 2-kb upstream region among synthetic wheats and Aegilops tauschii Coss. accessions. In
previous work Chebotar et al. [8] also detected 24-bp plus a 15-bp insertions and new variant
of polymorphism — only 15-bp insertion (without 24-bp insertion) in the collection of Aegilops
tauschii accessions.

Most Ukrainian varieties investigated in this work have Ppd-Dla (81.2 %) photoperiod
insensitive allele, according to the previously known nomenclature, or characterized by the VII
haplotype (79.6 %). Observed significant differences in different years between varieties with
the same genotype that leveled off after combining of three years data, that could be due to the
multidirectional effects of environmental factors in different years or the effects of other genetic
systems that affect time of plants development, or modification variability, or epigenetic marks
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(such as levels of methylation).

Investigated in our work spring varieties Krasa Polissia, Yevdokiia, Etiud, Struna my-
ronivs'ka, Torchyns’ka were divided into the haplotypes of Ppd-A1b gene by Muterko et al. [18],
they are: I — Krasa Polissia, Yevdokiia; III — Etiud and IV — Struna myronivs'ka, Torchyns’ka and
haplogroups AlIl — Krasa Polissia, Yevdokiia, Etiud and Al — Struna myronivs'ka, Torchyns’ka.

According to Fayt et al. [6] among 129 winter wheat varieties from different regions of
Ukraine and Russia that have been created mostly at the end of the 20-th century the frequency
of allele Ppd-D1a was 77.5 %. Among varieties and landraces of wheat from Turkey [9], the
frequency of Ppd-Dla is 60 % in spring wheats, and in winter wheat varieties the frequency is
54 %. Among the 20 varieties created from 1960 to 2003 in Bulgaria, a large majority of which
are winter, the frequency of this allele is 93.3 % [15]. Yang et al. [21] in the study of 926 landrace
and wheat varieties from China, showed the presence of Ppd-DlIa in 66 % of genotypes, while
its frequency in landrace — 38.6 %, and in varieties — 90.6 %. The authors note that Ppd-Dla is
present in all “improved varieties” developed and zoned after 1970, with the exception of spring
wheat, created in high latitudes of Northwest China and winter varieties in Gansu and Xinjiang.
According to Chen et al. [12] 89,6 % of bread wheat from the Yellow and Huai Valley of China
have Ppd-D1a. Most tested wheat varieties that are grown in Southern and Central Europe are in-
sensitive to the photoperiod, while British varieties are the most susceptible [13]. Unfortunately,
further large-scale genotyping of wheat germplasms from different geographic regions (except
China) has not yet been performed in terms of photoperiod response alleles. In Ukraine there
were few investigations of Ppd-D1 haplotypes earlier. The results of this study are useful as de-
scription of Ukrainian wheat germplasm and could be in demand for breeding of wheat varieties
for better maturity and adaptability.

Conclusions

We have determined allelic characteristic of Ppd-A1, Ppd-B1 and Ppd-D1 loci for modern
wheat varieties from Central and East regions of Ukraine. Most varieties have Ppd-A1b allele.
With the primers recommended by Nishida et al. [19], the PCR fragment 1292 bp that corre-
sponds to Ppd-B1b allele were detected in all varieties. We have also detected haplotypes of
Ppd-D1 gene. Among all investigated varieties the haplotype VII was the most common (it was
present in 79.6 % of varieties). Simultaneously, spring wheat varieties have higher level of ge-
netic polymorphism at Ppd-D1 loci than winter bread wheat varieties. In 8 spring wheat varieties
to the each of haplotypes II, III and VII were corresponded 25 % of varieties (2 varieties), and
by 12.5 % (1 variety) accounted to haplotype I and heterogeneous variety Nedra. Among winter
wheat varieties 90.3 % (37 varieties) corresponds to the haplotype VII, 2.4 % (1 variety) — II
haplotype and 7.39 % (3 varieties) — III haplotype. Maybe Ppd-D1 locus and sensitivity to pho-
toperiod is not critical for adaptability of spring wheat.
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TAILJIOTUIIU PPD-DI TEHA W AJIEJI PPD-AI 1 PPD-BI
B YKPATHCBKHUX COPTAX M’SIKOI MNIIEHUIII

I. YeboTap, A. Bakyma, B. ®iximonos, C. YedoTap
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CyyacHi yKpaiHCBKI COPTH M’SKOi MIIEHUII HEIOCTAaTHBO OXapaKTepPH30BaHi 3a
ajnensiMU TeHiB Ppd, TakoX HEZOCTAaTHBO iH(opMarii MI040 TaluIOTUIIB 32 IUMH T€HaMHU
Y BITYM3HSIHOMY TeHETHYHOMY Iyii mmeHuii. lominadtHi aneni (a) rewiB Ppd-A1 (2A),
Ppd-B1 (2B), Ppd-D1 (2D) 3HIKYIOTh Yy TJIMBICTh POCIMH MIIEHULI 10 (oTomepiony, TUM
CaMHM CKOPOYYIOYH IEPioJl 1O KOJIOCIHHS, a peeCHBHI aneni (b) XapakTepHi I TeHOTUTIIB
31 CHJIBHOIO peakuiero Ha ¢oTonepion. ['amnorunu rena Ppd-D1 Tako MOXYTh BIUTUBATH
Ha (oTonepioAnYHy YyTIUBICTh. 3a pe3ynsraramu I[1JIP-anamizy 3 anens-crierudigauMu
npaiiMepaMy OIBIIICTD AOCHIIPKEHUX COPTIB XapakTepusyBanucs anensmu Ppd-Alb Tta
Ppd-B1b. 40 copris (81,2 %) manu generiro nepex KoxylounM perionoMm Ppd-D1 reHa, sika
BigpizHsae Ppd-Dla anens. Takox Mu mpoaHami3yBanu ramiotunu reaa Ppd-D1. Byno no-
kazaHo HasBHicTh VII ramutorumy rena Ppd-D1'y 79,6 % copriB. Coptu 3 ramtorunamu I
(2 %), 11 (6 %), 111 (10%) rena Ppd-D1 Tpamnsmiucs 3 MEHIIO YacToToro. OauH copt OyB
TeTEepOreHHUM 32 anensiMu Ppd-D1a/b. 13 1ocnipKeHUX TUIIE COPTH 03UMOT M’ SIKOT IILICHU-
i MupoHiBceKkoro iHcTuTyTy nineHnni iMeHi B.M. Pemecno (MIIT) Oynu momimMoppHIMEU
3a reHamu Ppd-1, mo miaKpecroe BaxauBicTs anenis Ppd-A1b, Ppd-B1b ta Ppd-Dla nns
BHPOILLyBaHHS POCIMH B €KOJOTo-Teorpadiuanx ymoBax Ykpainu. [ammorun (I1I) 6yB Bu-
SIBICHUH y TeHOTHIaxX 5 coptiB — y Tprox 3 MIII i B sipux coprax Etoc Ta €BHoKis, Takox
LIeH TarmIoTHIT ETEKTOBAHO Y CTapOIaBHHOMY Ta BimoMomy coptTi Oxeckka 3 (CTBOpEHOMY
y 1938 p.) B poboti Guo et al. [14], Takum unnom, TE B 1 iHTpOHI rena Ppd-D1 Oys ic-
TOPUYHO HASBHUM Y COpTax MIIeHUII B YkpaiHi. LlikaBo, mo copTH sSpoi NIeHuIi MaroTh
OUTBII BHCOKHH PiBEHb T€HETHYHOTO MONIIMOP]i3My B JOKyci Ppd-D1, HiX copTH 03UMOL
M’ SIKOT MIIEeHHUIT. MOXINBO, el JIOKYC 1 4y TIHBICTH 10 (HOTONEPiony HE € KPUTHIHUMHU IS
aIanTHBHOCTI PO MIICHHUIIL.

Knuiouosi cnosa: aytnusicts 10 (oronepiofy, ramiotund, Ppd-reHu, copTy mie-
HUAL



