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Table 1. Studied markers linked to vernalizationegebased on references

o5 S J e
Gene Marker Allel Reference
Vrn-Al  Vrn-A1-9k001+Vrn5A prom k38 Vrn-Ala (spring), vrniA(winter) Yanet al., 2004
Vrn-Al Vrn Alb Marq Vrn-Alb (spring), vrn-Al (winter) Yaat al., 2004
Vrn-Al Intrl/A/F2_Intrl/A/R3 Vrn-Alc (spring), vrn-Al (wier) Fuet al., 2005
Vrn-Al Vrn-Alv/w Vrn-Alv, Vrn-Alw Eaglest al., 2011
Vrn-B1 Intro B1 Vrn-Bla = 709bp, vrn-B1 = 1149bp Sardral., 2009
Vrn-D1 Intro D1 Vrn-D1 = 1671bp, vrn-D1 = 997bp Eual., 2005
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Table 2. GIS layer of allelic distribution for vélazation genes and associated traits based omdoinvariety
in each province of Iran during 2009-2010
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Vr.A1l Vrn.B1 Vrn.D1 Ppd.D1 Ppd.B1 Ppd.Al

Province ot Cultivar o5,  FLN' DHE —pone—w  aw  abw  ab _ abw
Markazi S Omid Al 10.67 W w w a w b w
Markazi S5 Sardari &)~ 10.00 W w w w b w
Markazi S5 BSI(C:)IS sg]r?)rs] S u:lfj 7.00 57.0 w w w a
Markazi S5 Navid R 7.67 67.3 a w w b b w
Markazi S Pishtaz = ;b 6.67 59.0 b a a a w
Gilan oS Koohdasht c.saess  6.33 52.7 a a a a b w
Gilan oS Zarin B3 8.33 59.3 a w a b w
Mazandaran ohyaisle Falat M6 8.00 57.3 w a a a b b
Mazandaran ohyaiske Golestan w5 7.00 57.7 w b a a
Mazandaran ohyaisle Tajan O 8.33 56.3 Y, a a a w
Azarbaijan-sharghi 5,5 l=b,31  Omid sl 10.67 w w a w b w
Azarbaijan-sharghi 3,5 ol=b)3T  Zarin o 833 59.3 a w a b w
Azarbaijan-sharghi 3,4 ol=b,31  Azar2 Y 31 9.67 W w a a b w
Azarbaijan-sharghi 8,5 =b,31  Sabalan M  10.00 w w a w a b w
Azarbaijan-sharghi 3,5 ;=31 Chamran > 6.00 49.7 w w a a a b
Azarbaijan-sharghi 3,5 ,l=b,31  Atila T 8.33 587 v b a b b
Azarbaijan-sharghi 5,5 ;,l=b,31  Alvand Kl 8.00 62.0 w a w a b w
Azarbaijan-sharghi 8,5 =31 Sardari s, 10.00 w w w w b w
Azarbaijan-sharghi 3,5 ,=b,31 Rooshan oo, 8.33  62.7 w a w a w
Azarbaijan-gharbi ¢ ol=b,s1  Omid sl 10.67 w w w a w b w
Azarbaijan-gharbi ¢ ol=b;31  Zarin o 833 59.3 a w a b w
Azarbaijan-gharbi 5 b3l Azar2 Y 31 9.67 w w a a b w
Azarbaijan-gharbi . =b,31  Sardari  s)ls,  10.00 w w w w b w
Azarbaijan-gharbi ¢ olul,S1 Bezostaia Llkwsy 8.33  74.7 w w b w
Azarbaijan-gharbi ., =31 Sabalan M-  10.00 w w a w b w
Khozestan Olwjs> Star el 7.33 54.0 a a a a b w
Khozestan Olwjs> Yavares )k 6.00 55.7 Y w b a
Khozestan Olwjs> Kavir S 6.67 50.7 a a w w a w
Khozestan Olwjs> Vee/nak Sl 6.67 56.0 a w a a w
Khozestan Olwjs> Chamran o l»= 6.00 49.7 w w a a b
Khozestan RCgYes Atila T 8.33 58.7 v b a b b
Khozestan Olwjs> Chenab <l= 6.67 56.0 a a a a a w
Fars oyl Azar 2 Y 3 9.67 W w a a b w
Fars ol Koohdasht cuess  6.33 52.7 a a a a b w
Fars oy Yavares )k 6.00 55.7 Y w b a
Fars ol Zarin 5 8.33 59.3 a a b w
Fars oyl Marvdasht <uss,.  8.00 60.3 a a w a b w
Fars Pt Shiroodi %92 7.00 59.0 w a a b
Fars oyl Falat M6 8.00 57.3 w a a a b b
Fars oyl Shiraz o 6.33 57.0 a w w a a b
Fars oyl Pishtaz ke 6.67 59.0 w b a a a w
Fars oyl Alvand aigll 8.00 62.0 w a w a b w
Fars oyl Niknejad o3 S 6.33 59.0 a a w a b w
Fars oyl Rooshan s, 8.33 62.7 w a w a w
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Continued Table 2
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Vr.A1 Vrn.B1 Vrn.D1 Ppd.D1 Ppd.B1 Ppd.Al

Province Sl Cultivar o5, FLN* DHE AN alblw  aw _albiw  alb /bl
Fars ol Atila st 8.33 58.7 v b a b
Fars oo Chamran .= 6.00 49.7 w w a a a
Fars oo Star el 7.33 54.0 a a a a b w
Kerman oke,S Rooshan %, 8.33 62.7 w a w a w
Kerman oke,S Omid Al 10.67 w w w a w b w
Kerman OleyS Pishtaz ks 6.67 59.0 w b a a a w
Kerman OleyS Yavares ws,lsb  6.00 55.7 v w b a
Kerman obess Atila s 8.33 587 v b a b b
Esfahan Olero! BSI(C:)IS sg]rzca)rs]s “tif 7.00 57.0 w w w a
Esfahan Sleds! Pishtaz ks 6.67 59.0 w b a a a w
Esfahan Sleds! Omid Al 10.67 W w w a w b w
Esfahan Sledo! Alvand aigll 8.00 62.0 w a w a b w
Esfahan Sleds! Ghods b 7.00 57.0 a a a a b w
Esfahan Hledo! Rooshan %, 8.33 62.7 w a w a w
Sistan Ol Alvand Aigll 8.00 62.0 w a w a b w
Sistan Ol Hamoon (k  8.00 58.3 w a w w a b
Sistan b Kavir 2sS 6.67 50.7 a a w w a w
Sistan Ol Ghods b 7.00 57.0 a a a a b w
Sistan Ol Rooshan s, 8.33 62.7 w a w a w
Kordestan obws S Azar 2 Y L3l 7.67 W w a a b w
Kordestan Ol S Marvdasht css,.  8.00 60.3 a a w a b w
Kordestan Ol S Zarin o) 8.33 59.3 a w a b w
Kordestan Ol S Alvand aigll 8.00 62.0 w a w a b w
Kordestan Ol S Sardari s, 10.00 W w w w b w
Kordestan Ol S Gaskogen 5555 9.67 W w w w b w
Hamadan Shes Alvand aigll 8.00 62.0 w a w b w
Hamadan Shes Omid Al 10.67 W w w a w b w
Hamadan Shes Navid Ry 7.67 67.3 a w w b b w
Hamadan Olden BSI(C:)I? sg]rzca)rs]s u:lif 10.67 W w w w a
Hamadan Ol Falat 8 8.00 57.3 a a a b b
Hamadan Ol Sardari )b, 10.00 W w w b w
Hamadan Olen Azar 2 Y L3l 9.67 W w a a b w
Hamadan Ol Zarin ROy 8.33 59.3 a w b w
Charmahal BEPES Sardari )b, 10.00 W w w w b w
Charmahal BEPES Omid Al 10.67 W w w a w b w
Charmahal BEIPES Alvand asgll 8.00 62.0 w a w a b w
Charmahal BEPES Ghods geR 7.00 57.0 a a a a b w
Charmahal Il Rooshan s, 8.33 62.7 w a w a w
Lorestan Ol Chenab ol> 6.67 56.0 a a a a a w
Lorestan Sl Pishtaz = kg 6.67 59.0 w b a a a w
Lorestan Ol Marvdasht c.ssg,.  8.00 60.3 a a w a b w
Lorestan Ol BE(?E ?:hr?)r;s “’:ljj 7.00 57.0 w w w a
Lorestan Sl Koohdasht cuiaess  6.33 52.7 a a a a b w
Lorestan Ol Azar 2 Y L3l 9.67 w w a a b w
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Province

Cultivar

)

*

FLN

DHE

Vr.A1 Vrn.B1 Vrn.D1 Ppd.D1 Ppd.B1 Ppd.Al

abiviw  alb/w  aw  alb/w a/b a/blw
Lorestan Ol Zagros S, 7.67 58.0 w a a a b w
Lorestan Ol Chamran x> 6.00 49.7 w w a a a b
Lorestan Ol Alvand aigll 8.00 62.0 w a w a b w
Lorestan Ol Sardari s, 10.00 W w w w b w
llam o) Chamran .= 6.00 49.7 w w a a a b
llam ek! Yavares sk 6.00 55.7 % w b a
llam ek! Zagros S, 7.67 58.0 w a a a b w
llam ek! Sardari &)  10.00 W w w b w
llam ek! Chenab ol> 6.67 56.0 a a a a a w
llam L] Atila M3t 8.33 587 v b a b b
Kohkiloeh 49l SeS Simare oy 8.67 53.0 Y a b w
Kohkiloeh 9SS Zagros S 7.67 58.0 w a a a b w
Kohkiloeh 45lSeS Koohdasht c.saess  6.33 52.7 a a a a b w
Kohkiloeh 45l SeS Navid Ny 7.67  67.3 a w w b b w
Kohkiloeh PR 1 Omid el 1067 W w w a w b w
Kohkiloeh a5hSes Chamran >  6.00 497 w w a a a b
Kohkiloeh wslSes Alamot  osd 800 567w w a b w
Kohkiloeh wskSes Alvand Wl 8.00  62.0 w a w a b w
Kohkiloeh 44l Sardari s, 10.00 W w w w b w
Boshehr g Yavares )k 6.00 55.7 Y w b a
Boshehr Jr Koohdasht ciuess  6.33 52.7 a a a a b w
Boshehr JrY Niknejad o35 6.33 59.0 a a w a b w
Boshehr JrY Chamran l»= 6.00 49.7 w w a a a b
Boshehr g Zagros S  7.67 58.0 w a a a b w
Zanjan obs; Pishtaz = ;b 6.67 59.0 w b a a a w
Zanjan RIES)) Azar 2 Y, 9.67 " w a a b w
Zanjan obs; Alvand Al 8.00 62.0 w a w a b w
Zanjan ol Sardari  s,ls~  10.00 w w w w b w
Semnan Ol Ghods ¥R 7.00 57.0 a a a a b w
Yazd S5 Pishtaz ;e 6.67 59.0 w b a a a w
Yazd S5 Kavir S 6.67 50.7 a a w w a w
Yazd S5 Rooshan s, 8.33 62.7 w . a w a w
Hormozgan 50,0 Atila T 8.33 58.7 v b a b b
Hormozgan O 0,0 Chamran l»=  6.00 49.7 w w a a a b
Tehran Ol Shiraz o 6.33 57.0 a w w a a b
Tehran R Pishtaz ki 6.67 59.0 w b a a a w
Tehran Ol Alvand gl 8.00 62.0 w a w a b w
Golestan oS Pastor 5l 7.67 58.7 a a a b b
Golestan ol Zagros S  7.67 58.0 w a a a b w
Golestan oS Koohdasht cuess  6.33 52.7 a a a a b w
Ghazvin 958 Azar 2 Y L3l 9.67 W w a a b w
Ghazvin 2958 Omid Al 10.67 W w w a w b w
Ghazvin 2958 Shiraz 3 6.33 57.0 a w w a a b
Ghazvin 2958 Pishtaz ke 6.67 59.0 w b a a a w
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Continued Table 2 Y Jogoz aslsl
Province e Cultivar PR FLN" DHE a\//tr);]v/Ava V;/rg/%& Vr;\l/)vl PZ(;BE/)V%/ deé?bl Ppg}ﬁ/lw
Ghazvin 9P Kavir 25 6.67 50.7 a a w w a w
Ghazvin 98 Zarin R 8.33 59.3 a w a b w
Ghazvin 9P Alvand Al 8.00 62.0 w a w a b w
Ghazvin 9P Sardari s~ 10.00 % w w w b w
Ghazvin nes8 Rooshan &,  8.33 62.7 w a w a w

South- Khorasan N hiad Chamran =  6.00 49.7 w w a a a b
South- Khorasan LS <g>  Yavares wsslsb 6.00 55.7 v w b a
Ardebil Jes)| Azar 2 Y ,30 9.67 w w a a b w
Ardebil Jes)| Zagros 53  7.67 58.0 w a a a b w
Ardebil Jws)l Shiroodi %9~ 7.00 59.0 w a a b
Ardebil Jes)| Gaspard s 9.33 w w w a b b w
Ardebil S| Chamran l»=  6.00 49.7 w w a a a b
Ardebil Jws)| Atila T 8.33 587 % b a b b
Ardebil S| Tajan oS 8.33 56.3 % a a a w
Ardebil Js)| Gaskogen 355 9.67 w w w w b w
Ardebil S| Sardari s, 10.00 W w w w b w
Ardebil oy Bezostaia Ltz  8.33 74.7 w w a b w
Ardebil Js)| Sabalan .. 10.00 W w a w a b w
Ghom o8 Pishtaz ke 6.67 59.0 w b a a a w
Ghom o8 Shiraz o 6.33 57.0 a w w a a b
Ghom o8 Falat KAt 8.00 57.3 w a a a b b
Ghom o8 Sardari s, 10.00 W w w w b w
Ghom o8 Rooshan s, 8.33 62.7 w a w a
South- Khorasan s> oWl,>  Ghods Rt 7.00 57.0 a a a a b w
South- Khorasan  as> oll,> BESI? Sé]rigs “’:ljj 7.00 57.0 w w w a
South- Khorasan s> sll,>  Rooshan o, 8.33 62.7 w a w a w
South- Khorasan ss2, oWl Shiraz s 6.33 57.0 a w a a b
South- Khorasan ss2, olel,>  Sabalan >  10.00 w w a w a b w
South- Khorasan sy, o> Zagros -5,  7.67 58.0 w a a b w
South- Khorasan sss, ol Azar 2 Y 3 9.67 w w a a b w
South- Khorasan sy, o> Marvdasht cusg.  8.00 60.3 a a w a b w
South- Khorasan g2, oll,>  Mahdavi = sy 7.67 59.0 a w a b w
South- Khorasan sy, oll,>  Pishtaz ke, 6.67 59.0 w b a a a w
South- Khorasan s, oll,> Omid el 10.67 w w w a w b w
South- Khorasan g2, o>  Gaskogen o355 9.67 w w w w b w
South- Khorasan s, ol Bigssg]rigswijf 7.00 57.0 w w w a
South- Khorasan ss2, o> Ghods il 7.00 57.0 a a a a b w
South- Khorasan g2, olel,>  Sardari  s,ls~ 10.00 w w w w b w
Razavi Khorasan s, olel,> Chamran .=  6.00  49.7 w w a a a b
Razavi Khorasan <2, olel,> Rooshan &,  8.33 62.7 w a w a w
Razavi Khorasan ss2, oW, Alvand K4l 8.00 62.0 w a w a b w
Nourth- Khorasan Jus slsl,> Koohdasht cusaess  6.33 52.7 a a a a b w
Nourth- Khorasan Jus slel,>  Pishtaz  jkes  6.67 59.0 w b a a a w
Nourth- Khorasan Jls jlal s Pastor sl 7.67 58.7 a a a b b
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Continued Table 2

Province ol Variety o3,

FLN* DHE

Nourth- Khorasan JLs s> Azar 2 Y 3l 9.67
Nourth- Khorasan Jl.s ;ll,>  Gaskogen (3558  9.67
Nourth- Khorasan JLs oWl Sardari s,k 10.00
Nourth- Khorasan Jl sll,>  Rooshan s, 8.33
Nourth- Khorasan Jl.s sll,>  Zagros o5,  7.67

Nourth- Khorasan Jles ;lul,> Falat A 8.00
Nourth- Khorasan Jls oWt~ Alvand gl 8.00
Nourth- Khorasan Jles Ll Tajan oS 8.33

Nourth- Khorasan Jls Wl,> Chamran o=  6.00
Nourth- Khorasan Jls oll,>  Sabalan M~  10.00
Kermanshah oliile S Alvand gl 8.00
Kermanshah oliils 5 Atila W31 8.33

w

62.7
58.0
57.3
62.0
56.3
49.7
w

62.0
58.7

V Jsoz bl
VrnAl VrnBl Vin.D1 Ppd.D1 Ppd.Bl Ppd.Al
albivw" a/biw aw albiw  alb a/b/w
w w . a a b w
w w w w . b w
w w w . b w
w a w a w
w a a b w
w a a b b
w w a b w
v a a a w
w w a a a b
w a w a b w
w a w a b w
v b . a b b

Aied (2B Sialen 5l 5, olaad 5 Lol dBle o Sles Sy olaws Sl w55 4 DHE FLN

Digh o0 g3lwole b 59, Job 4 ol

pae b ol e dS il o5 o @l L;L%UTW,‘V‘b‘a‘”‘*

" FLN and DHE are final leaf number and days frommgeation to heading, respectively.
a, b, v and w are different alleles that causeditigity and non-sensitivity to vernalization and

photoperiod.
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Table 3. Climatic distribution of vernalization genin Iranian wheat varieties and lines

Climate o s o g5 Vrn-Al Vrn-B1 Vrn-D1

a b v a b w a w

Temperate Jxixe 8 0 4 7 10 4 5 13 5

Cold S you 5 0 3 18 6 0 15 10 15

South- warm Cyz p,S 8 1 7 7 12 4 7 18 5

North- warm Jhis p,5 3 0 1 5 1 5 14 1
Temperate- salt resistant (5,9 4 polas - Joies 2 0 0 10 7 O 3 4
South- warm- salt resistant s,sé 4 pslis-09i>p,5 0 0 O 1 0 0 0
Rainfed- temperate and cold o, g Joies -0 1 0 4 1 0 3 3
Rainfed- temperate and warm 4,5 5 Joies -0 1 0 3 4 0 0 1
Total xF 28 1 22 52 46 9 38 64 34
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Table 4. Geographical distribution percentage ofgpwvheat varieties in four different climatesln
sloss slos e il Sl P2 0% obe 63 sled Do il (2 Sls
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Climate lsesles  No.of  Spring Long term average ~ Long-term average temperature of
varieties percentage temperature from 21 DecSome cities from 21 Dec. to 20 Jan.

to 20 Jan.°C) °cy*

North- warm (1) () Jus 6,5 16 87.5
South- warm (I) 1) csz o5 25 100
Temperate (II) Il Jozss 19 79

Cold (V) V) s, 22 55

Rasht (6.67), Sari (7.39),
Gorgan (7.04)

Ahwaz (12.37), Bushehr (15.22),
12.52 Bandar Abbas (17.37) Zahedan
(7.12), Jiroft and Kahnooj (10.5)

Shiraz (6.08), Kerman (4.54)
Esfahan (3.22), Sanandaj (0.22),
Shahrekord (-2.16), llam (4.0),
3.07 Yaso0j (2.52), Tehran (4.3),
Yazd (5.88), Semnan (3.71),
Kermanshah (2.03), Birjand (3.5),
Mashhad (2.07)

Tabriz (-1.57), Urmia (-2.28),
Hamadan (-2.62), Zanjan (-2.67),
Ardebil (-3.28), Qazvin (-0.4),
Bojnourd (0.54)

7.02

-1.75

ol Mo YN F Lo 4y spiie j5iS cwliilgn (Lol PN T Oyl y> o Ll *
" Temperatures are extracted from Meteorologicab®ization of Iran leading to 2014.
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Figure 1. Ecogeographical diversity plan of growtbit of improved wheat varieties in four differeiimates
of Iran. The radial parts of the graph, blue, rgeten, and purple indicate spring varieties withegérn-Al,
percentage of spring varieties without gefre-Al, percentage of anynomous cultivars and winterivark
percentage, respectively. In this figure, long-teawverage temperature of January is displayed. ([Déta

temperatures are extracted from the Meteorologirglanization of Iran leading to 2014. Cereal Departt
Research of Seed and Plant Improvement Instituteiseference of climatic classification).
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Figure 2. Allelic distribution plans of vernalizati sensitivity genes/RN) in different provinces of Iran based
on dominant varieties of each province.
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Figure 4. Clustering the Iran’s provinces basedesponse to photoperiod and vernalization requirémgenes
using Ward's minimum variance. Midline incision glsathe distance level of three scale of the prasnc



Al Jsb
Spike length

4.0
3.0
2.0
1.0
0.0

4.0
3.0
2.0
1.0
0.0

4.0
3.0
2.0
1.0
0.0

Siboosler s 5 ilwo e Jlend a5 0 5 (g, bl silwo e e 5 ol g5kl slajlest ) (arisd Slio (i eSilee 9 VI gl (o L3 -T SIS0

h———‘

Vimn-D1 virn -1

—"

V- Bl vimn- Rl

Vimn- Al vin- Al
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Abstract

The cold resistance in wheat varieties that beemtralbed with compatibility procedure to
environment such as vernalization requirement dradgperiod reaction, has been factors for success
in cold regions. Thus, knowledge of the eco-gedgjag distribution of influencing vernalization
requirement and photoperiod reaction genes is g#ak@r modern breeding program. To do so, 119
lines and cultivars of Iranian wheat were studi®decific primers based on the polymerase chain
reaction (STS-PCR) to identify alleles affecting thensitivity to vernalization were usedvVm-Al,
Vrn-B1 andVrn-D1 loci. For agro-ecological study of the diversity andriisition of these genes in
Iran, data layers were prepared using GIS Map soévand the latest set of tables with predominant
cultivars that were cultured in each region. Rassiftowed that spring type was 65.5% of whole and
their diversity depending on the coldness of winfgpring type cultivars mainly adapted to south
warm and moderate climates where average Januaetature was above°@. On the contrary,
winter type adapted to areas of average Januarpeieture from -?C to 4°C. With determining
genotypes based on of these traits, breeders nédlble to lead segregation generations to better
compatibility.
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