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Table 1. Name, pedigree, origin and selection history of bread wheat genotypes

S Pl
Genotype slaze
No. Name/ pedigree o i /pl Origin Selection history Ozl a6
Gl Mihan (Check#1 for Cold zone ) SPII -
G2 Heidari (Check#2 for Cold zone) SPII -
G3 Zarineh (Check#3 for Cold zone) SPII -
G4 Zareh (Check##4 for Cold zone) IWWIP -
G5 Alvd/4/Ghk''s"/Bow"s"//90Zhong87/3/Shiroodi SPII 1-C-19324-1
G6 Alvd/4/Ghk''s"/Bow"s"//90Zhong87/3/Shiroodi SPII 1-C-19324-2
G7 Charger//CMH80A.768/3*Cno79/3/Zm SPII 1-C-19467-1
G8 Charger//CMHB80A.768/3*Cno79/3/Zm SPII 1-C-19467-2
G9 Spb"'s"//K1349/Go/3/\Vee"s"/4/Bkt/90-Zhong 87 SPII 1-C-19369-1
G10 Shahpasand/Norman SPII 1-C-19521
Gl11 Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi SPII 1-C-19324-1
G12 Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi SPII 1-C-19324-2
G13 Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi SPII 1-C-19324-3
G14 Spb"'s"//K1349/Go/3/\ee"s"4/Bkt/90-Zhong 87 SPII 1-C-19369-2
AU/3/MINN/HK/38MA/A/Y MH/ERA/S/PMF/
G15 CNO/GLL/6/KAUZ//ALTAR 84/AOS/7/TAM 105/ IWWIP 0AP-DH61
3/NE70654/BBY//BOW"S"/4/Century*3/TA2450
CGWS05B00072S-099MI-099MI-099M -
G16 GRK79/TUKURU IWWIP 3OWM-OWM
G17 MV NEMERE (DI-9812/AMANDA) Hungry 161230
G18 ARS97135-9/03A-B4//KS0603A~49 IWWIP KS061470K-2
G19 Eryt1554.90/MV17 IWWIP -
G20 Gul96/Shark-1 IWWIP -
G21 Rakhshan (Check#1 for Temperate zone) CIMMYT -
G22 Torabi (Check#2 for Temperate zone) CIMMYT -
G23 WBLL4/KUKUNA/WBLL1/3/WBLL1*2/BRAMBLING CMSS07Y00348S-0B-099Y-099M-099Y-
CIMMYT
19M-0WGY
- CMSS07B00636T-099TOPY-099M-
G24 TUKURU/BAV92/RAYON*2/3/KIRITATI CIMMYT 099NJ-099NJ-LOWGY-0B
G25 Parsi//Attila*2/PBW65 SPII PWSN-Karaj-2017- 4007
G26 Sivand/B k t /90-Zhong87 SPII PWSN-Karaj-2017- 4010
G27 HAAMA-11/Niknejad SPII PWSN-Karaj-2017- 4012
G28 Amin (Check#3 Temperate zone) SPII Iran
G29 Mv22-77//Stephon/3/Mon"'s"/Lmu''s"//Falke/4/Zarin/ Pl PWSN-Karaj-2017- 4065
5/Parsi/6/ B k t /90-Zhong87
G30 PBW343*2/KUKUN(50Y)//Yaco/2*Parus/3/PRL/ SPII PWSN-Karaj-2017- 4090
2*PASTOR
G31 PBW343*2/KUKUN(50Y)//Parsi/3/PRL/ SPII PWSN-Karaj-2017- 4096
2*PASTOR
G32 Seri 82//Shuha"S"/4/Rbs/Anza/3/Kvz/Hys/Y mg/ Pl PWSN-Kermanshah-2017
Tob/5/Yacol2*Parus/6/Parsi
G33 TUI//CMH76-252/PVVNS/3/Ghods SPII PWSN-Zarghan-2017
G34 KATILA-8/4/SKAUZ/BAV92/3/CROC-1/AE.SQUARROSA CIMMYT ICW06-50319-2AP-0AP-0AP -02 5D
(224)/ OPATA/S/IMUNIA/ALTAR 84//MILAN
G35 SERI.1B*2/3/KAUZ*2/BOW/IKAUZ/AIKAUZ/IFLORKWA-1  CIMMYT  AISBWO05-0086-4AP-0AP-0AP-1AP-0AP
CROC_1/AE.SQUARROSA(205)//BORL95/3/PRLISARAIT CMSA10M00468S-099ZTM-099NJ-
G36 SIVEE#5/4/FRET2/6/MTRWA92.161/PRINIA/S/SERI*3/RL ~ CIMMYT  099NJ-3WGY-0B
6010/4*YR/3/PASTOR/4/BAVI2
G37 ROLFO7/SAUAL/3/TRCH/SRTU//KACHU/4/ROLFO7/SAU CIMMYT CMSS10B01019T-099TOPY-099M-
AL 099NJ-099NJ-26WGY-0B
G38 CROC_1/AE.SQUARROSA(205)//BORL95/3/PRLISARAIT CIMMYT CMSA10M00201T-050Y-099ZTM-
SINEE#5/4IFRET2/5/2*BAVIS #1 099NJ-099NJ-7WGY-0B
G39 SAUAL/YANAC//SAUAL*2/3[TACUPETO F2001/ CIMMYT CMSS11Y01150T-099TOPM-099Y-
BRAMBLING*2//[KACHU 099M-0SY-11M-OWGY
CROC_1/AE.SQUARROSA(205)//BORL95/3/PRL/SARA/IT CMSA10M00468S-099ZTM-099NJ-
G40 SI/VEE#5/4/FRET2/6/MTRWA92.161/PRINIA/S/SERI*3/RL ~ CIMMYT  099NJ-5WGY-0B

6010/4*YR/3/PASTOR/4/BAVI2

CIMMYT: International Maize and Wheat Improvement Center.
IWWIP: International Winter Wheat Improvement Program.
SPII: Seed and Plant Improvement Institute, Iran.
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Table 2. Temperature cycles of specific markers

& sl (18 s s p3) Lo
Cycle « ~ Cycleno. Temperatur (°C) Time ol
Primary denaturation sl (sjle i il 1 94 3.0 minutes 4335 dur
Denaturation Sl bl 38 94 30 Seconds Wb g

Primer annealing ST Juasl 38
Extension 2SS 38
Final extension Ll 2SS 1

ST 26l ¥ Jsior Golas

(According to the table 3 for each primer) 30 Seconds 4l

72 1.0 minute 4ds oS
72 70minutes  4iss s
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Table 3. Sequence characteristics of primers used to identify allelic diversity in VRN loci

Gl ole 35 0 Bl s 55T ST Js Jlait gles St 5 5 ga 03101 o
Vernaization locus Allele Primers Primer sequence Attachment temperature (°C) Expected size Reference
Yan et
Vm-Al VmAla &VmAlb VmlAF GAAAGGAAAAATTCTGCTCG 55.0 650-750 bp (VrnAla) & 480 bp (Vr Alb) al., 2004
ViR TGCACCTTCCCCCGCCCCAT
Yan et
VmAla & VmAlb VmilAF GAAAGGAAAAATTCTGCTCG 50.0 876-965bp (VrnAla) & 714bp (Vi Alb)  al., 2004
VRN1-INT1R GCAGGAAATCGAAATCGAAG
Fu et al,
vrn-Al Intrl/C/F GCACTCCTAACCCACTAACC 56.4 1068bp 2005
Intrl/AB/R TCATCCATCATCAAGGCAAA
709bp Fu et al,
Vm-B1 Vm-B1 Intrl/B/F CAAGTGGAACGGTTAGGACA 58.0 2005
Intrl/B/R3 CTCATGCCAAAAATTGAAGATGA
Fu et al,
vrn-B1 Intrl/B/F CAAGTGGAACGGTTAGGACA 56.4 1149bp 2005
Intrl/B/R4 CAAATGAAAAGGAATGAGAGCA
1671bp Fu et al,
Vm-D1 Vm-D1 Intrl/D/F GTTGTCTGCCTCATCAATCC 61.0 2005
Intrl/D/R3 GGTCACTGGTGGTCTGTGC
Fu et al,
vrn-D1 Intrl/D/F GTTGTCTGCCTCATCAATCC 61.0 997bp 2005
Intrl/D/R4 AAATGAAAAGGAACGGAGCG
1200bp Yan et
Vrm-B3 Vm-B3 Vrn4-B-Ins-F CATAATGCCAAGCCGGTGAGTAC 63.0 al., 2006
Vrn4-B-Ins-R ATGTCTGCCAATTAGCTAGC
Yan et
vrn-B3 Vm4-B-Noins-F  ATGCCTTTCGCTTGCCATCC 56.0 1140bp al., 2006
Vm4-B-Noins-R  CTATCCCTACCGGCCATTAG
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Table 4. Allelic composition and growth habit of bread wheat genotypes

Sloslg oS J 28" Cabies (sla0; NT S5 S8 jsus, Cosle

<ss50ks _ Allelic composition of different genes controlling vernalization 4850 3 iy Cosle Green house-based
Genotypeno. VRN-A1 VRN-B1 VRN-D1 VRN-B3 Field-based growth habit growth habit
Gl vrn-Al vrn- B1 V- D1 vrn- B3 W w
G2 vrn-Al vrn- B1 V- D1 vrn- B3 F Fw
G3 Vrn-Aln vrn- B1 vrn- D1 vrn- B3 Fw Fw
G4 vrn-Al Vrn -B1 vrn- D1 vrn- B3 w W
G5 vrn-Al vrn- B1 V- D1 vrn- B3 F F
G6 Vrm-Alc vrn- B1 V- D1 vrn- B3 F F
G7 vrn-Al vrn- B1 vrn- D1 vrn- B3 W W
G8 vrn-Al vrn- B1 vrn- D1 vrn- B3 W W
G9 vrn-Al vrn- B1 V- D1 vrn- B3 W W
G10 Vrn-Aln vrn- B1 V- D1 vrn- B3 S S
Gl1 vrn-Al Vrn -B1 vrn- D1 vrn- B3 Fw Fw
G12 vrn-Al Vrn -B1 vrn- D1 vrn- B3 Fw Fw
G13 vrn-Al Vrm -B1 vrn- D1 vrn- B3 Fw Fw
Gl4 vrn-Al vrn- B1 vrn- D1 vrn- B3 W W
G15 vrn-Al vrn- B1 vrn- D1 vrn- B3 W W
G16 vrn-Al vrn- B1 V- D1 vrn- B3 Fw F
G17 vrn-Al vrn- B1 vrn- D1 vrn- B3 w W
G18 vrn-Al vrn- B1 vrn- D1 vrn- B3 w W
G19 Vrn-Alc vrn- B1 vrn- D1 vrn- B3 w W
G20 vrn-Al vrn- B1 vrn- D1 vrn- B3 w W
G21 vrn-Al Vrm -Bl V- D1 vrn- B3 S S
G22 vrn-Al Vrn -B1 V- D1 0 S F
G23 vrn-Al Vrn -B1 Vrm- D1 vrn- B3 S F
G24 vrn-Al vrn- B1 V- D1 vrn- B3 F Fw
G25 Vrn-Aln vrn- B1 vrn- D1 vrn- B3 S F
G26 vrn-Al vrn- B1 V- D1 vrn- B3 F Fw
G27 Vrn-Ala Vrm -Bl V- D1 vrn- B3 S S
G28 Vrn-Ala Vrn -B1 Vrn- D1 vrn- B3 S S
G29 Vrn-Ala Vrn -B1 Vrn- D1 vrn- B3 S S
G30 Vrn-Alc Vrn -B1 Vrn- D1 vrn- B3 F F
G31 vrn-Al Vrm -Bl V- D1 vrn- B3 F F
G32 vrn-Al Vrm -Bl V- D1 vrn- B3 S S
G33 vrn-Al Vrm -Bl vrn- D1 vrn- B3 F S
G34 vrn-Al Vrn -B1 V- D1 vrn- B3 S Fs
G35 vrn-Al Vrn -B1 Vrn- D1 vrn- B3 S S
G36 Vrn-Alc Vrn -B1 Vrn- D1 vrn- B3 S S
G37 vrn-Al Vrm -Bl vrn- D1 vrn- B3 S S
G38 Vrn-Alb Vrm -Bl V- D1 vrn- B3 S S
G39 Vrn-Alb Vrm -Bl V- D1 vrn- B3 S S
G40 Vrn-Alb Vrn -B1l Vrn- D1 vrn- B3 S S
W: Winter gk S:Spring ole
Fw: Facultaive with tendency to winter sk« bl owbe  Fs: Facultaive with tendency to spring olg o blae ult
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Fig. 1. Electrophoresis of VRN-A1 gene for Vrn1R and Vrn1AF primers in bread wheat

genotypes. M: 100 bp molecular-weight marker
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Fig. 2. Electrophoresis of VRN-AL gene for VRN1-INT1R and VRN1AF primers in
bread wheat genotypes. M: 50 bp molecular-weight marker (a): Differentiation of
Vrn-Ala from Vrn-Al (b): Differentiation of Vrn-Alb from Vrn-Al
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Fig. 3. Electrophoresis of VRN-AL gene for Intrl/C/F and Intrl/AB/R primers and

differentiation of vrn-Al in bread wheat genotypes. M: 100 bp molecular-weight marker
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Fig. 4. Electrophoresis of VRN-B1 gene for Intrl/B/F and Intrl/B/R4 primers and

differentiation of vrn-B1 in bread wheat genotypes. M: 50 bp molecular-weight marker
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Fig. 5. Electrophoresis of VRN-D1 gene for Intrl/D/F and Intrl/D/R3 primers and

differentiation of Vrn-D1 in bread wheat genotypes. M: 50 bp molecular-weight marker
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Fig. 6. Electrophoresis of VRN-B3 gene for Vrn4-B-Noins-F and Vrn4-B-Noins-R
primers and differentiation of vrn-B3 in bread wheat genotypes. M: 50 bp molecular-

weight marker
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Fig.7. Dendrogram of 40 bread wheat genotypes based on Jaccard similarity coefficient

and UPGMA algorithm
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Table 5. Relationship of allelic composition of vernalization genes with field/glasshouse-based growth habit of 40 bread wheat genotypes

Slbole 508 Allele fT W (G1) Fw(G4) Fw(G9) Fw(G5) Fw(G10) Fw(G8) F(G6) Fs(G7) S(G3) S(G2)

Vernalization locus 0 [ 0 'y 8 [y Py 'y 'y 'y

Vrn-Ala 0 0 0 0 0 0 0 0 0 1

Vrn-Alb 0 0 0 0 0 0 0 0 1 0

VRN-A1 Vr-Alc 0 0 1 0 0 1 0 1 0 0

Vrn-Aln 0 0 0 0 1 0-1" 0 0 0 0

vrn-Al 1 1 0 1 0 0 1 0 0 0

Vrn-B1 0 0 0 1 0 0 1 1 1 1

a VRN-B1 vrn-B1 1 1 1 0 1 1 0 0 0 0

o)

= Vr-D1 0 1 0 0 0 1 1 1 1 1

K VRN-D1 vn-D1 1 0 1 1 1 0 0 0 0 0

v i Vrn-B3 0 0 0 0 0 0 0 0 0 0

3 VRN-B3 vrn-B3 1 1 1 1 1 1 1 1 1 1
B S: True spring bl o4l :S
2 W: True winter ol w3 W
B F: Facultative oeba F
Fs: Facultative with tendency to spring growth habit olg iy Sosle w plaze ol iFs
Fw:Facultative with tendency to winter growth habit Glie) Loy Osle 4 fleze iy :(Fwy

A odalie Vv oojled i g5 o VIN-ALN T 59 05l s 55 5o VIM-Ale J7*
* Allele Vrn-Alc and Vrn-Aln were observed in genotypes 6 and 10, respectively.
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