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Table 1- Sequences of allele specific primers for vernalization and photoperiod genes at

the VRN-1 and Ppd-1 loci.

RYASIRY!
. . P it w . . PCR Ll 2
-SRI COR SENE 6—3) S5kl Jigs (bp) B PCRJM
Trait locus  Primer name Primer sequence Band Size Allele conditions
(bp)
94¢° 3 min;
VRN1AF GAAAGGAAAAATTCTGCTCG 965+876 Vrn-Ala
(94c° 30s;
66¢° 30s;
VRN1- .
INTIR GCAGGAAATCGAAATCGAAG 714 Vrn-Alb 72¢" 45s); for
35 cycles
VRN- vrn-Al or
Al 34 Vrn-Alc
Intrl/A/F2 AGCCTCCACGGTTTGAAAGTAA 1170 94¢° 3 min;
(94c° 45s;
Vrn-Alc 51c” d5s;
.5 Intrl/A/R3 AAGTAAGACAACACGAATGTGAGA '
_g: 'E 72¢ 1 min);
-,3\ E for 35 cycles
9 § Intr1/D/F GTTGTCTGCCTCATCAAATCC 997 vrn-D1 94¢° 4 min;
Intr1/D/R3 GGTCACTGGTGGTCTGTGC 1671 vrn-D1 (94c" 45s;
VRN-
D1 61c” 45s;
Intrl/D/R4 AAATGAAAAGGAACGAGAGCG 72¢" A min);
for 35 cycles
Ex1/B/F3 GAAGCGGATCGAGAACAAGA 709 + 1235 Vrn-Bla 94¢° 2 min;
Intr1/B/F CAAGTGGAACGGTTAGGACA 673+1199  Vrn-Blb (94c" 30s;
VRN- 1ntr1/B/R3 CTCATGCCAAAAATTGAAGATGA 849 Vrn-Blc . e
B1 52¢” 30s;
Intr1/B/R4 CAAATGAAAAGGAATGAGAGCA 1149 vrn-B1 72¢" 90s); for
35 cycles
Ppd- Ppd-D1_F: ACGCCTCCCACTACACTG 94¢° 3 min;
D1 414 ppd-D1b
Ppd-D1_R1 GTTGGTTCAAACAGAGAGC (94¢" 45s;
54¢° AOs;
Ppd-D1_R2: CACTGGTGGTAGCTGAGATT 288 Ppd-Dla 5
3 72¢* £0s); for
% d:g,_ 35 cycles
N ~ N R
N S Ppd- TaPpd ACACTAGGGCTGGTCGAAGA 1600 Ppd-Bla 95¢” 3 min;
S B1 BlproFl
(95¢° 30s;
TaPpd- 64c” 60s;
BLintlR1 CCGAGCCAGTGCAAATTAAC 1292 ppd-Blb

72¢* 90s); for
35 cycles
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Figure 1- PCR amplification of specific markers for a) Vrn-Al locus, B) Vrn-Bllocus, and c) Vrn-D1

locus. Lane numbers from 1 to 19 are Alamoot, Alvand, Azar2, Bezostaja, Hirmand, Qouds, Niknejad,

Shole, Karaj3, Darab2, Kavir, Hamoon, Rooshan, Rasool, Shahpasand, Pishtaz, Star, Verinak and Shiraz,

respectively.
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Figure 2 - PCR amplification of allele specific primers for; a) Ppd-B1 locus and b) Ppd-D1 locus.
Lane numbers from 1 to 19 are Alamoot, Alvand, Azar2, Bezostaja, Hirmand, Qouds, Niknejad,
Shole, Karaj3, Darab2, Kavir, Hamoon, Rooshan, Rasool, Shahpasand, Pishtaz, Star, Verinak
and Shiraz, respectively.
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Table 2- The allelic combinations of vernalization and photoperiod genes at the VRN-1
and Ppd-1 loci.

Allelic composition T _.s 5 W
VRN-1 Ppd-1 Genotype
Y 3 gl sl
vrn-Al, vrn-B1, Vrn-D1 Ppd-D1a, ppd-B1lb T

Allamot-Alvand-Azare2
o im Nl jlaim ot o ST

vrn-Al, Vrn-Bla, Vrn-D1 ppd-D1b, Ppd-Bla
Akfarm4-Pishtaz-Shahpasand-Shori
Vrn-Ala, Vrn-Bla, Vrn-D1 Ppd-D1a, Ppd-Bla S
Darabe2-Kohdasht-Kavir

Vrn-Ala, Vrn-Bla, Vrn-D1 Ppd-D1a, ppd-B1b e edad

Shole-Qods-Karaje3

SO ol SRl S S s
Vim-Ala, Vin-Bla, vrn-D1, Ppd-Dla, ppd-B1b Ohadi-Backcross Roshan-Cross Sabalan-
Karim

Vrn-Ala, Vrn-B1b, vrn-D1 Ppd-D1a, Ppd-Bla Rizhav-Kaskogen o3 suls— i3
Vrn-Ala, Vrn-Blc, vin-D1 Ppd-D1a, Ppd-Bla Atrak-Star LS 5
Vrn-Ala, Vrn-Blc, vin-D1 Ppd-D1a, ppd-Blb Stork-Dez 3>~ gl
Vrn-Ala, vrn-B1, Vrn-D1 Ppd-D1a, ppd-B1b Bezostaya Ll
Vrn-Ala, vrn-B1, Vrn-D1 Ppd-D1a, ppd-Blb Hirmand .. ,.»
Vrn-Ala, Vrn-B1b, Vrn-Dla Ppd-D1a, ppd-Blb Roshan .2,
Vrn-Ala, Vrn-Blc, vrn-D1 Ppd-D1a, ppd-Blb Zarin o5
Vrn-Ala, Vrn-Bla, vrn-D1 ppd-D1b, ppd-B1b Arg S
Vrn-Ala, Vrn-Bla, Vrn-D1 ppd-D1b, ppd-B1lb Niknejad 15 S
Vrn-Ala, Vrn-B1b, vrn-D1 Ppd-D1a, Ppd-Bla Rasad -,
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VIn-Al, asiol; estiol ppd-D1b, Ppd-Bla Rasol J ss s
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Abstract

Major flowering time genes including vernalization and photoperiod response play a
crucial role in the geographical and agronomical adaptations, and potential yield in cereals.
Assessment and understanding of the distribution of allelic variations for vernalization and
photoperiod genes is of special importance in wheat breeding programs and parental selection.
Therefore, the objective of this study was to evaluate 38 bread wheat varieties for allelic
variations at the VRN1 and Ppdl loci, using functional molecular markers. In this study, the
frequency of vrn-Al, Vrn-Ala and Vrn-Alb alleles at the Vrn-Al locus were 57.9, 39.5 and
2.6 percent, respectively. At the Vrn-D1locus, vrn-D1 and Vrn-D1alleles had the frequency of
73.7 and 26.3 percent, respectively. At the Vrn-Bllocus, the most frequent allele was Vrn-Bla
with 44.7 percent, while the frequencies of Vrn-B1lb, Vrn-Blc and vrn-B1 alleles were 21,
18.4 and 13.2 percent, respectively. Allelic variations at the Ppd-1 gene were also detected in
the studied population. As allelic frequencies of Ppd-Dla and ppd-D1b at the Ppd-D1 locus
were 71 and 29 percent, respectively. At the Ppd-B1 locus, 18 genotypes had Ppd-Bla allele,
while 20 others showed ppd-B1lb allele. In general, Ppd-D1 was the most frequent allele,
followed by Vrn-Ala, Vrn-D1, Ppd-Blb and Vrn-Bla. These results indicate that the
frequency of dominant allele at the VRN1 and Ppdl genes was the highest. Therefore,
according to these results, most genotypes can be considered as spring and insensitive to
photoperiod.
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