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Extended Abstract

Introduction

Sugar beet (Beta vulgaris L.) is a biennial crop that
accumulates sucrose in its storage root during the first
growing season. However, under specific environmental
and genetic conditions, premature bolting may occur in
the first year, leading to significant reductions in root
yield and sugar content. Bolting tolerance is thus a key
breeding objective, especially for autumn-sown
cultivars in regions with mild winters. This study aimed
to review and elucidate the genetic mechanisms
governing bolting and flowering in sugar beet, with a
focus on the role of major and minor genes, regulatory
pathways, and molecular markers associated with this
trait.

Materials and Methods

A comprehensive review and synthesis of published
research on the inheritance and molecular genetics of
bolting tolerance in sugar beet were conducted. Studies
involving classical breeding, genetic mapping, QTL
analysis, gene expression profiling, and molecular
marker development were critically examined.
Particular attention was given to the function of B,
BTC1, BvFT1, BvFT2, and related genes, as well as the
interaction of environmental cues (vernalization and
photoperiod) with genetic regulators of the bolting
process.

Results and discussion

Bolting tolerance in sugar beet is a polygenic trait
influenced by both genetic and environmental factors.
Early research identified the B gene as a dominant locus
controlling annual habit, while subsequent mapping
studies revealed additional loci (B2, B3, B4)
contributing to flowering regulation. The BTC1 gene
plays a central role by coordinating the expression of
BvFT1 and BVFT2 under photoperiodic and
vernalization control. Vernalization suppresses BvFT1

expression, allowing BvFT2 activation and transition to
reproductive growth. Moreover, epigenetic mechanisms
such as DNA methylation in shoot apical meristems are
associated with differential bolting responses between
tolerant and susceptible genotypes.

Molecular marker studies demonstrated strong
associations with bolting tendency and offer valuable
tools for marker-assisted selection (MAS). Breeding
programs in Iran and other countries have successfully
developed bolting-tolerant genotypes suitable for
autumn planting without adverse effects on root yield or
sugar productivity.

Conclusion

The transition from vegetative to reproductive growth in
sugar beet is governed by complex genetic, epigenetic,
and environmental interactions. Advances in molecular
genetics and genomics have significantly improved the
understanding of bolting control, enabling targeted
breeding strategies for bolting tolerance. Integrating
traditional selection with molecular tools such as QTL
mapping and marker-assisted selection will accelerate
the development of stable, high-yielding cultivars
adapted to diverse agro-climatic regions. Enhanced
knowledge of the genetic basis of bolting not only
contributes to crop improvement but also provides a
model for studying flowering regulation in biennial
plants.

Keywords
Bolting tolerance, Photoperiod, Vernalization

References

Zhang C, Li S, Wang Y, Long J, Li X, Ke L, Xu R, Wu
Z, Pi Z. Vernalization promotes bolting in sugar beet
by inhibiting the transcriptional repressors of BvGl
Plant Molecular Biology. 2024; 114(3):67.
Doi:http://doi.org/10.1007/s11103-024-01460-x

Vogt SH, Weyens G, Lefebvre M, Bork B, Schechert A,
Muller AE. The FLC-like gene BvFL1 is not a major

1. Sugar Beet Research Institute, Agricultural Research, Education and Extension Organization (AREEO), Karaj, Iran.

*Corresponding author: mohsen_agh@yahoo.com


https://jsb.areeo.ac.ir/

regulator of vernalization response in biennial beets.
Frontiers in Plant Sciencs. 2014; Vol. 5: 23.
Doi:http://doi.org/10.3389/fpls.2014.00146
Abou-Elwafa SF. A new locus suppresses bolting under
shortening daylength in sugar beet. World Journal of
Agricultural  Research.  2015;  3(5):179-184.
Doi:https://doi.org/10.12691/wjar-3-5-5
Suarez-Lopez P, Wheatley K, Robson F. CONSTANS
mediates between the circadian clock and the control
of flowering in Arabidopsis. Nature. 2001; 410:1116—
1120. Doi:http://doi.org/doi.org/10.1038/35074138
Turck F, Fornara F, Coupland G. Regulation and
identity of florigen: FLOWERING LOCUS T moves
center stage. Annual Review of Plant Biolpgy. 2008;
59:573-594.

Doi:http://doi.org/10.1146/annurev.arplant.59.032607
.092755

Simpson GG. The autonomous pathway: epigenetic
and post-transcriptional gene regulation in the control
of Arabidopsis flowering time. Curr Opin Plant Biol.
2004; 7:570-574.

Doi:http://doi.org/doi.org/10.1016/j.pbi.2004.07.002



Y : o f
e » » &)
‘_ » ° o 4
/_ AP IN O\
\/
‘.. » ISCPBS »

Journal Home Page: https://jsb.areeo.ac.ir dnle ey et esisioned

T (Beta vulgaris L) &3 joixa 43 (59,48l b o po (Sij sLABL 9 5590
‘eolad gy & ules 0dljgolo duo Foslj BT uore
VECEIVID (b iy gy VEFIN Y bl 3 o

S)9ye :llie g5
DOI: 10.22092/jsbh.2025.369201.1387
V8-

oS

L1 )3 ol dlusgd (S35 (545 12 b oo (gl ) Jguamo S 9 ;S (G0N (ol i 93 pSuld JUS' p3 B iy
23150 By 53 Lol Gl a9 5l slaolo L Bolias (4 suhy Juad g 0,0 ©j9041 Jpatmo ol Sl Ly guiS
Jol Jlw p3 w3,k 31> olonil 030l ©jgods |) Jpasme (nl Casl,yj (g o0 slane (conlBl bl o (092 o] 8 590
W o2 b 15 STy95 (Jlilgn 9 ;S Mgi (512 &5 S (0 Mgl Al 0o ) S 2 (631§ pa3lio D93 (SN g4b 2
Job 53 35w slod (5520 )3 (38,5 1,8 51 ey cJgene jobds KB )ik Dgud 0 O] SE re g La3gS g l>
Jol Jo Jgb 53 Jlo cnl b g0 393 (osdgi dla yo 3,19 295 (035 ab 52 093 Jlw )3 (o (55Lwo i
sy ol el (59,48l b 1o (Sad L Mg dmtans il Tl pud 9 (g5lwsesleg SIS 41 ol (S LS
iy yglieds (68 dlge By Judd 4y N> (G 5l dgai o0 of 3 Ses B 5 Ay (rnb gedgady e Cage
ol ,1 51 aliiw] Wiojld wid ks oiml el T Wb o il 5 fSK 3 Sdes Culd )0 g Ay W oD ddlw
Ao @ol5 00 B g 0ud 555 i & jgods & Cowl (glody Cdo (59,48l 4y Jood .Cans! (59,48l 4y Jocia
b Jolge dlio (pl )3 Sl (SUdlpda (1556 9 )l 42 )3 (o515 lS (o (S &)U i Jawo byl pas S
9 $509LiS gy 9 Loyl dlayo ay IS GoMS AT (Sujolgrid 9 (S SLpmilSe (25 1 e
S NPa g M i AR89 Sl g0 POl (o Nilodd oy (PO I Sl 1 g3IF4
9 S SplSe & (JoUg0 Glwlidlums j g W35 (0 415 (59,8Lw 42 pglie Loty yud 9 P drwgi (59, &5
Al Spdo S (0 dxlllas 1) (2SS Al po 41 GLS JUHT (2Us 5 (S99 43

(98l 4 oo (655 gl (siluole 1 glS (syR1g

Il @S 53,98 s g obigel «lidos lojlu By ks 4d g ol Slidioy dwsge ol )

mohsen_agh@yah00.com : Jstus oy s —
Al Ol @S «siglsS @y g igel (i plojl wiByiiiz s g g o] i duhe el Y


https://jsb.areeo.ac.ir/

el 5) (69)48lw b by (SU5T (ladidl (65950

ol B 3 S5 G 5l e S ok onl 516 el

ol oty St b e il 48]
Cilses pB)l 5 cwsyy obe bl wloe Wl w8
@ glabsMo BB cglas «(g9)dBlu ol a5 I (a8 nias

A G olS Syl sy, a1y o) e oo a5 0y95 o e
&5 dlge yd a8 cuwl odly Ll alisee padizee Glalllas
o g2y 5,88l & Jaos 5l (o3 g8 waidyaiie
ol (Lasaand Sanz 1976; Rezaei and Fasahat 2022)
A8y ha (g9)a8le (g0l S oy S Cawl me ol
Sl 5 gl eslitwl b 4l o g s OleS Cannls )
o JS gy 3305 ol o (ol Sl (G55 (S
Ol 3 K55 g e plgs 5l blod 4 435,00 )3 (gL
S5 5l 5l g e wguine sdmn i (Sloy
2 oddy ool Gop ogs pegad ) lodpis Clillas
05 iy bawgi A8 x> b ol J S (S5 blod 4
Srcidio 09,5 13 (g9;a8lw (o @Bly 1 93,65 0 50
S5 59y ¢ 4yl Slallas )l 8 (S (5
o S cou cans cpl a8 o lis (59,48le 4 Cuglao
» (Lysgaard 1978) cul cudle 5l Sglate Slapy b 5
Cuoglie S93 (e (B3 Sy 0 @l olol p &Sl
@ Sl g 039 oo lag) JpuS cod gg)48le &
el jolaieas (Marcum 1948) cusl L (5948l
5 poliedas epglie (nY dw (gg)dle & Cuglie (sog50
o] e (Sao sla S 4S5 el (54l 4 ol
2l 59528Ls Gl (B o ad | g 35 pls]

L2 351 Sl P sl (59,28l sl )3 a3 o331 31

dodo

ol S lgicds Jsare jsboas (Beta vulgaris L) wus iz
P9 asly u_u.ug) J..w) <J9‘ Jl.w )2 &S .)9.‘.0@ as b dJL.ua.)
Bl US4 1y (ouid blge 093 (galdrwg (s, plul
29> Jlo ke 53 Qe (38 6y 5l g le (o0 023
odimd 5 (gl AJgi o oyleg b 03Uy CMh«o‘Ag oS
Slge (B > WS (o Mg Hhy (SLibledS Sl g 03903
lossg bl )l 4 a5 K9y o Bl 4 caely; Jlo s
095 93 41, bl dadigy pl (59)48Lo (loj & iy 0298 0
)9.'94., J.ul.oJL;o rv.u.u&.’ [nlil.b).ib 9 P&hbsj dLD:oJJB)c\;éL»
@ ogllasl sy K cely; S s (0 (59,48l IS
g oMb Ay (b geighdy pas crge Inj 39y jledd
A 500 gow i salegs L 4 1) adsy 5 Sles ials
218 o ),;'sls‘ S 0,Slas p coleg 0 &S Wb ials
6o MEs el 85 Wil ey &) Yane b il 4 cladlsy
e plsiear an Jlo )3 9 008 B3, byd ol
i e 9,48ls ren D9 0))le Tl sl e
Jlasial ploj ) (Sl ©)lud cage g djlo e dlge
ol cutS i oylen cutS 3 gyl L8l 30,5 o
L}.Jblf d‘)’. u.;‘.\;) w).e ol 9 Cowl 01355 L&vw) ﬁ:&.ﬂ:\"}l)){
ol U oydBlo £9,d 5 s 0)lag cuiS 53 Lol 3l 5, Slos
gedgdidy Gdo pl 0 aS D)l deng Alold ole win cudly y
O S g oS 3,Sdas A (> g ok Jiske olS b
(Longden et al. uSSY cldlas wlul b o Sials
dgd> du.u.:) ))S.l.o& )b&o ‘69)45‘“» oy ¥ » d])ldd ‘1975)
dop S o sl e b o lalS wspy S
Dgus oo dwlS Anlg +/B 3gan W8 o yd (l5ae 5l (59,8l
38,5l (Ss lapansSe b ol s 3 dllie oy

H5pS )8 w3590 el o (69)a8lus (anwgi g M) p



4 pladl ol el Jlaie (sl jigy 5l eolawl b o],50l554
Hidg0s palie slacuies) as

Jolse 3l e wada 5 iy e g)dle Sl L
Pl a ol o el ) S el aalgs Ll ol Jaoxe
S5 4 JolS Sl e oSolpa cul i
oMol Jglito (sl by, 5 osliul b oiibyniie 5 (gqpaibe
5 S9s8lo & Jooxia pB)l ans 4 Bige SdlS UL
(Aghaeizadeh 2019) sbas ool cuS (glp cuwle
Ok solo )3 1y 8 0 sy Hh Syl oSl
g by Juad Jobo 53 9 253)5 (oo CulS de)je 53 Akl
g2 pglie ladisy s LAb o Bl guyidy did) adlw 4
el (dloyw 5l gy g cudlyy Juad bl > g
9yl & blad i ol g 36l g0 Jas 41 650
29y iy onl 4l B A 0)50 Cig 5
Sl Lulyd o S8l cwnd oo 4 ol gl
4 Comd §imMo ol 457 (6,505 gblie g ka3 350 adlais
gy 48l 4y 503, JaoS it )31 i3S ailaie

Sl S Al N0 (Mol sl S > Jle lyeas
oz (5 pplsSdas (sla lsols 51 ozl b (gq il &) Canglio
s 5> e > s3ybo oy Jario A5 o
2 S ool gl (2ol 0)93 y2 )3 ey 9 A
Olios b iblie )3 ol (1035 9 (S coetto (sl Jeald
(QUadS g yodlS ol slolia o Jod5> adlate I S
Lyl sl &S sl cand 4 ola Jeold asby clol
Oljen 9 03,5 Jass agdar |y lie adlate )3 0july cuis
bulyd Gred 53 &5 (Jopd iny ol (o Jlan (59,48l
adlate )3 g 0391 (YU jlows (59598l (sl5 gl Cumer Jla
(Aghaeizadeh et al. 2018) w351 olus alS e
2945 3blie Sl (B p3 03l S (sl debune (ol Laslyt
1 Sayile & Joocio s8] ags g Mol b sl 00 g

w

D)5 o3l Cunds ad il a4y (A3 oo Wy pud s
Gy oW yoiiwo (SNl gladol p LB > da Sl ol b

&I)b.aﬁw@lﬂt@w‘)bwﬁ}gwlﬁ)ﬂﬁ
$9,48lo & Cungliie (6l (o9t s pdcilyy Gl (o)
(Sadeghian et al. . 0d) (pwess Aoy AF B AY 4y
an Ve Sdo dy oloyw Hlow ¢ opl ,o aul 1993)
Sy Y Glj B S i o) )5 Jlec!
Sladlas o cul aan Ve SV Lols oS cwl (g5lwo )y
Y ¢ (Kuroda et al. 2024a) ,Sen o 1) lawgs
aislo Y¥ gy Jobo Lulyd cod adl joboay 38t ool
b 095 (@5 (mdlopw 0)93 b dlge @ b5 9
e S 0y ol (S5 b al jolaiedy sl oL
g 8 pbnl (Jgeme gallogd (slajiia 5 (0¥ 9l Ol
L5 g BCIFL 4 F2 F1 s slaus
55503 5 (+155) Yl b Lo ) (o ogos (s gl
Ol etalojl (Y 93 o ol s 4y (Vo) lpe YL jleasy
@S b Shy i jop 2 (S5 Jalge &5 Lol

WSl s diel YY o) Job bl il cou pKinds;
b g9ye8le & pglie jlws (Y Sy o Slidos by S
as cqa F3 ol Jold 9 0 0y BW Ll (¥ SO
S o aian V8 Cae 4 b reld 0,5 g (Sl adds
Mawi \603,5 Jatie acyie 4 digy g 5 00 23loyw
Cadigerd)l o Jgbo 55 )by i 93y 4Bl 4 caig:
Cuoglie (e (wyp sl 033 (g)bpcdlyal oloypo U
Soplo )3 ;3B (S5 1ab 4 S 4l 53 (asls g b Jueld
Cenglio (65503 5 ((23lo o Jl ey (55,88l £9,5 b g 3las)
155 5 QTL sl 4 ool 1 S, o el s
Sl 53 5 8 o 455 |y (gt Ol 5] 00,3 50 o5
b Sl 5 amidls )8 % o)ledd pojoeg,S 5l anl Sy
9 S98le & Cuglie (lie (LIl cage (s Cunglie
(Pfeiffer et al. 2014) xud o (s9yd8lo g9 > b
J5S ogs Sl Ui 5 £3090 St et



el 5) (69)48lw b by (SU5T (ladidl (65950

>0 (Wellensiek 1964) cul (25 5 slaplul JSis
3boolo CutS s B2l 1 Olg5 o0 1) siloelee 1 dadss
ooy S 5,5 )1,8 Jels & (De-vernalization)
5,5 woSae uwl 2,8 il ax D YO U YO [y olod diol
Job 3> Slg oo Loy il (gjlw 25 (Purvis et al. 1952)
Ty o 0590 plal Gl s Aol b 5 2oloyuw 090
Bl & X5 o 238 s oS i | (5l Slizelty
J5 @0 (59588l (9 0,050 Ll 43S 3 JS 48 ) 9 39
.(Mutasa-Gottgens et al. 2009a) >4, _.»

9 0 el Gighe S (2SS LUl ol
oloi b badian (gl 45 cawl Jobo dbabls 5| S5 gl jiody
Slogeo Sl soydle Sl sl ollae ()95 Laalyd o
wly o gleyey bl cou oplple (Metzger 1988)
0 0,leg AiByaas ) odbe i )5 1 ekl b (gg,48Le
&9y oS el dngi o] JLis &y 5 atge £585 &
A

£55 5 Conl (5,500 954y byl A8 iy g izl o Lo
O @il po)e cud Bk p (2P LB (laigS 90
ailhio oing glayuize (Fasahat et al. 2023) cuol ouds
9 48) J5 4 ilwo)lee 4 5l (g g 0390 oSG wilae
g ooy ploil & Jlusy Job 3 1) 395 (SWj s 2
2 e debdl 20 5 g wdy 4 Jlge Jwdw U Allg e
23 g oo dlugy o Gholis iy slayiie < Jlio
@l 2 oogMe Ly (5 Uln paie 8L lales
2 )b 8 el 655 & dluss layuse
(Hautekeete et al. .S o 2 Wy oo slbas >
i oaisS plat sy 0)93 Jsb ) Cglis oy ol 2002)
piY oyl el y asa wbje, cusa Beta
Mg 5l dny &)l &0 laLS g 13y sl Lol s
S Vsb 0y S, Wlie ol p3Y Bl
(Dally et al. sa3 ¢, 59, Jsbo 58,5 a5 5 o9 Syl
— LS Wl Mol (Owen et al. 1940) 95l .2014)

&9 0390 9 b slales LW Cll oy <l 1) ()95

Orzed 9 MishliT g ddslod ladles S sladl 4 (olas
5l g anily aslsl gopals 4y Josxio (5y3l slaasly
oo pisusel oy pe )l 3)50 (ol sl (S
Ao 030l culS Loyl )0 g Bun bl )0 &S W 0 A
(Orazizadeh et al. 2011; wus o Cuwglio 5 >ySlas
lwd b 3 oyl sl Aghaeizadeh et al. 2017)
b 48 391 (55,88 4y Jaoxto g5y 08, i &
€S JE olilas Ll g e bl ol

.(Hoseinpour et al. 2020)
o5 035 Jsado |y e 03 o Bl | S (S
5 2 98l & Cunglio (1L it b Jlezs!
Sy (SMit 1983) ool g lageisiy Jparo 1)y
@ Cwglie Hai I 1) wdsbl i Coxes dw (Sl adllas
e polie lalunad (s 9303 518 (i S Cod (69,48l
SEW e 3 ol S S S5 b gl Cnmon dus ol o
T Golite cudls Fuyb aw o Jols wyee id b
9 45 el p Coled 3 g Bad 5Sles duglio allaie
4 Caglio (sl (1035 10,5 asue daesls ()bl oo
ally sloal Jsame Mg ly 2 it b g5yl

3l

Beta jwa aisS Sujad o
Cuilay 38 3 9 0ad S 0)la gty Ygeme A3 jiia
9 (agy My 4 olS (sadgl b 0)93 JS AT g psbody 395
S5 IB 3 m ol ab oo ol ] (08 9 5,8 55
Jad ()5 Sy il o popada (ol bled (2)me
Sl Glp dgde (lalj salye 3y LB (s
ol Jls 4 g @Ble Jobo ldl K> ojleay) g4l
Vo) e Y5k (518 4 gl wB)use (235
) 35 Bl e > Ve BV G sloles (opme ) (ain
iyl lgie cow o 514 oy {(Lexander 1980)
Sigie Cllad diojls aul8 ) d9d oo b (Gl l)s)

Sl Blo ol gy D 9290 iz pd o olw



SlS sl 5 B o5 & oy olis (Abegg 1936) K
Loy sl Juate (R 35) JssS g ) Jolo & dlocsy
ookl b .000,5 duwlore 2o pd VOB (45 90 oyl (e (Siwwsn
2 g Alogs ly (o (S (SIW I Jols Cupmer S
R 5 9B dlocss o om (Stwgn (i dllocsy Cumex
(Restriction Fragment Length ,SLis cpais ¢ A 430
39y ato B (5 4 a4y a5 Polymorphism) (RFLP)

(Boudry et al. 1994) ol cuws 4
{(Abou-Elwafa et al. 2011) byl lawg (gladlas )
B. (pdog puiiy b dlugd amolod wdjuie ¥ S
Jol Jus oblS .ai ool (3 vulgaris ssp. maritima
e 5 sty Jolb Gilie Lulys aw o5 (F1)
35S 9y Jsbo g il e g 1l (sl il (slay,
cilyy e il 45 48 lan a5 b as S s
&S i el oSS, Hlals ggya8le chns (golie — e
2 o5 dlocSy Wl jsbieen o (F1) Sl s plalS” plos
Mo glp (F2) po> Jus plals 3 ims JS5 il 4w
Jlosi gl g WO ol wily sljo) s g (5jlonlee
sly Pl g B9 VA s (gilooler (g Wil sl
C8)5 518 bj)l 2y90 Wigr VAV 2la oligS gy Jobo jles
Wil slajyy e g ileo)le Lulpd () JS)
Silwoylee g wily slojg) sles ) a8y wBle 4 plalS
dol Cawd 4y gyl pac blie ;D (ggydBlo ) 4 Y Cons
5 Sy LS (59,8l (5SS Cilyy gonmdplas oS
Jib cumg 3 Ll sl b T B T el ki o0
9yl pae Jlio > (69,8l ¥ ) o obgS
258 @35 sl pi¥ ploj esgyddle oM il ssali
Jol 09)5 3 85 )15 (568 (gwyp 2)90 09)5 Aw
V0 e B)b LS den (1l slojg) g 9 silwolie)
po> 09,5 5> i) bl 4 (CdlS Iy gy OI-YD)
Pt g9,08lo (gl Sloj o3l (Lojlweslae (pge il slajg)
o 590 FYYR) 59, V8 Gt Bib dlocsy (b g 592
Aoy GlalS pgw 09)5 )3 a5 > i3 ddlo 4 (il

Sl a8 ol lis g ol wB)Mse g9pa8le p (SYsb
Giloylay & i rnb canle s & dlucy o juiis
@ el g lod (opme 3 (6515 Ll Bl gl

Db oo bl ) (59,28

$9,48lw S

dlogs GllS oyej » pobs Jb o iy &Sl b
AlocSy 1y @le gy o1 iy slas Ll 395 oo wogusne
g5 g 02l JS caidyaBloo dy (gmolo s s Sl (9 (G Aoy
U8 s allucSs A5, ole (a5l 00,8 e
(Abegg )5 13 B o) b ggyale 0 pb 4 LI 0 S
5 (BB) dlucsy usSujsen o S jl & Slals .1936)
B 0f ol » Ngde Juolbs (0D) dlugs (slajuiix
olals wle Collas Llyd cod 5 039 (BD) ugSjg e
rsisen LS L awlie > bl auS o )3, sy
@ 3 ol (Abegg 1936) x4, 0 Blo 4 iy LSy
d929 b g (g9l gloj 4 a2 L) B o Lall el
2B o5 1y B 5 by 59,48l J5uS & K00 sla
(Alimirzaee et al. cuwl ol 03> Caus im0 )8
= LS lulyd cod cuwl (Sae ugSijgym bals 2017)
@ B 5L b Gl ol 3ol 53 S wiile wgllasl ()58
4 osMe (Abe et al. 1997) 1als o) Jlo > cqyables
2 s 39 M, o 5 uilio Jasxe Ll
ob L3 55 (Modifier genes) oaad,us  (slays
(Owen et al. 1940) o4 .(Buttner et al. 2010)
@ bl lp 500 55 ol gy e slans )
ogd slojsiiy d> 0 BT 1f plyie cov plol (5g,4L
cov ilwoyler gk aig ol dawlgay a8 sl dlgiin
0393 5 ok B (slalos o Ul azd 5 el 4y 430 Ly
5 Sl (gilunyleg 5l ek SBIS > Yk 5y
ol o (g sloodly (ol 2 X o Bl & @ poo
R 9B 05 om g (UsSome S5 Glp) R 059 B o
ol B 1B oS 1585 aeits e



el 5) (69)48lw b by (SU5T (ladidl (65950

hliseo (slaaisS 3 oy 15) (90592 &S Egdge () BiS
398 (PS5 cage Sl Lulpd 4 5l g Sl oo (LS
Wby pMal 4 gep9n (nl 25 iRl L B csl
OBLS 5y 2 o el 218 Lol aiisey (g Ol
playe sho L3y g 58U yle odio)lo A8 A
&S ol s juiw oldles (Sadeghian et al. 1993) >4
B 0 J) Jie oy 0i90y9n 00dgilue)lee lals
2 Vsl B e T aoms 55 alod oo S |y gyl
25l Al ewiins pb losd o,lep 48 SlalS (ggyadle

.(Mutasa-Gottgens et al. 2010)

ok <oy g oo (i (59,48l loj )3 ()l dme 3L
dx ST b a8l & (iS5l Gg) AV=FY) 09, ¥F Sle
bulyd cod ggyle jla 5l LusSojeym sbaysise U3,
bl oy dlocSs Wy wlon Sloj aidy iy e Cgllas
(F2) pg> 5 (F1) Jol Jus (bS5l 595 oSy (sl jris
aS ol ol iales] cpl 5l sdelcwnda gl ) sl 4
S o (3l Sl &5 ) yg8 G oS s 1) S
Slgs o slyd g 0l (gg,48lu 5l @ilo cuwl K33 B 5w
o by ol b g 0als i 1) B 5 31 olisS 59,5l cow
Cal 5988l Syl Gl St B of onlple -l
Job (Ll B (55,d8le (] jea ©yge 0 K0 ©)leay
bulyd )3 g (mdloyw 0y (955 o 4 5 09 O

Ll dlwcSy wb)y cole gl 5 adyasle & Ll slajg,

..)y
P USH11 x B. maritima
F1 Bb
l Bvm2012.1 (175 plants) by slosey (esw g (gl o4lee
Vernalization followed by long-day conditions
F2 Bvm2012 Bvm2012.2 (190 plants) il olen ety 1l gl

Bvm?2012.3 (193 plants)

Long-day conditions without vernalization

olisS 59, Jobo

Short days

Abou-Elwafa, (2015) adlas ;5 a3zl 590 Comes Y JSw

Fig 1 Population used in the study (Abou-Elwafa, 2015)

O (W5l &S b gl ooliul 5)50 F2 Cupmon (piz
ol oSy (pdimg dhal 5 (4Bl i) dlogd sl
0355 B (55 ool b dlocss (59,48l cuigid tidg: ok
S5 2 R G35 ol o o sl g Sl lojen 3,8
(Buttner et 15,5 oL e B2 pbay A o)lass pgig09,S
DT ol bacagmes ol LS plas a5 ] e 4, al. 2010)
bl polar S Loy Gl 3 B (55 ol o (S, e
38 )5 doms Gl W39 (sjlwo)le (g (59,8l 4 2B
@ G (il g0ty (gilwo)lee | Jhiwe B2 )7 oS
5 355 sleodly S oo oo (59y8le mula sl B 5
B o wler B2 [ & wob i uaed aded

G e 03 35 93 o(B) g9yl el 0 LS
S9ylo &y &5 1D )Sd alil 5 ol S alelid
(Buttner et al. 5,5 o S8 Al iy slaydize
9,88l (sl 4l i sy ool 3yl 2010)
Ethyl methane ldgw sl Jol (505,54 )b 5l a8
Sbais clp g a8 Syge Lias ol > (sulfonate)
Slodlgls i ololid 4 v dgy 00 ool B (5 3485
) a8l 4 (gilwo)lee I LS &S 005 ine pgw Jus
(Hohmann et 15,8 o jbd, dlugs ls asle cplpls o
3 Caran 53 53 &5 3g oyl pSlcdSs o al. 2005)



oad ibgia (g3ln o Jlide w8 3 BVFLL (5 ol
3w (o890l ol pummgin)T ol 53 1] Jolae 8345 Lo
sboyisz ) BVFLL (5 ogMeas .cuns jlub (sjloo)le
Lol oS dlogs 5 ileole @ S ek WleSy
Ol nl g 2980 Gl ol Cpgody it (giluolie
s2959) Slol 4 (K siloo)lee 42 5l 3 gl 1w oo
.(Reeves et al. 2007) 5,l.s BVFL1

Sy sl a3) oam BVFLL 5 & o o liies (ol
sy 5 sl dlugy sbadjnee » giloo)lhe 4
ilooslee olej 3 BVFLL (5 ol syl 4 (ol
GRIE ooyl ) @da Jsb > Ll b ialS
cle 4 gjloo)leg byl 5> <8l s soypo Jaity e
(e 53 .l (59,280 & oasghs nl (VL s sl
T 095 S &y 45 (59,8l &y polie sallugd sacaiss;
ol Ol 2 ) Py Gl el glist glue e (Yol
» wdled, (Trap-Gentil et al. 2011) s o olis o)
SIS Jsie slaailis pylie sbcuis) a8l olol pius o
sdnlio (gilunyley jl s BVFLL (5 plojply ol =0 =)
sz )3 (gilwoyleg o Gy S b sy o iy oS 0
oS Cul 0ad Lasuie (Hebrard et al. 2013) Ll Lag e
b e Fas e ol =)l =] lawg BVFLL (5 ig05
386 4L 2y5 oy 5l logd slayaiizr 3 1) (sjlwo)lee 4
Ole &SI pd il 55 (glwo o 1y s9y8le Gloj
o e 4 g9yl > Gloj 3 4 oie (5 ol SV
()= =] dwsgds BVFLL g iolS pogdls 24,35 azin
ol 2 At cwdlss 3ol ol ORIl oSl
BVBTCL (slap; Jols o35 (6550 (slooiiS palass
S e ol @l ol 5% BVFT2 , BVFTL
2 iooley 4 gl ol (coaSaabas s BVFLL
(Vogt et al. 2014; Kroupin et al. caws 18,06
2023)

b adye slayys 5l oolas buwgi FLC 5 ¢ iyl 5
(SIMpson 2004) 39 o @absss 5 (235 Jaiue puno

G 45 @byl ey Sl & pslie QIS G jp0
Ol 3,85 (eSy cho dly o5 o8l Bl clacurar
Aoy Wy olgicdy a5 b da 45 3,5 56 sy e
$los @ Jaite o 39 B3 55 oSl (gl 592 023 o3lis
elas Bl s jolods 1) (59,48l U8, g 0395 B2 L, B
sbass saebl (Abou-Elwafa et al. 2012) >3 .
15,5 B plia (S0 55 olole 6 ool 4 pomie (0955
5035 Jos B (0 | Jie g0 B2 () Sy oS
(Abou-Elwafa et al. 2012) >4 cule 5 5l )b
g odgr e B g5 oSy 4 (S 5 51 B4 5 oSl
OB 9ol V) (Sij adlols 134 o5lad pgiges)S (555

(Kuroda 2024b) 5,l> ,l,3 I 5

A jiae )3 (2O (o pulhld Jghuo S0
oo > QLS ©aa Yok (65513 ol &S (gilwo i
Il slp sl lnej Juad (Lo 0l slaled
95 O Ol b )lee Juad 3 (23 5 Sk SO plals
olS )3 bt sl (23S (S5 J3S g 0 sl &
(Arabidopsis thaliana) LWL s giol,] dlocs Jae
(Andres and Coupland 2012) cé,5 I, adllae 5y50
o e Jio S lisd Gumggdell olS 1 ealizl
3beslge ol LS S (gds s o (ki
5 So8le &5 035 Spua el 5 Jils 5)8 ol
PR byl Glaesee b Sl 1 (S (b
ol s (Baurle and Dean 2006) 1S o Ju8 235
5 (CO) liasS (FLC) C (a3 8 oSl 155 4w ol
ity (23S 58 0l Gl FT) T (2 J5 oSl
WByjrise )3 il b asye (0 cuiz 8] s Jle
Sloss plolid Lesmgste] g b Slaas b
Ol (235 5 (55,88l (S5 ol 2 55 5 S cLolis
5l eslawl ((Reeves et al. 2007) cuwl odds cdly olS 45 (!
Pl FLC sl (5 (ool (Sl ( wgSixe Sty (9,

D9ed wald 1) A8)uise 7 ojled pojgeg)S g9y 5 BVFLL



el 5) (69)48lw b by (SU5T (ladidl (65950

CO j e sby) (nySedp jl plSams & vy
Obued Bloas ololis 18,05 55 468G &S gl
b (025 sl Slden e 3 bl dits CO o5 A8l
CO-LIKE 2 (COL2) 4 CO-LIKE 1 (COL1) (slay5
OF A Lol & Bge e ) gyl
w2l CCT aioly 9 B- ams (5 a8 Wl 8 0 5o oglase
olgicds BVCOLL 5 .(Chia et al. 2008) ,ls caMs
00,5 lolid A8 a5 (559 ol e 2> Feke
Ole 50979 4d o)lgen BVCOLL (5 ailjs; lo so920
o5 45 Gl 0AS asie 5 o3 COL2 3 COLL (sl
slejsy > 2ldy, B glesl » CO 5 &M, BVCOL1
Chia et ) cuwl Cisns jlaws o ol b g 99503 ol b 221
JoSe BVCOLL 5 &S awy o jhas & (pix (@l 2008
0341 CO (5 5,Slos 2818 4l yig> olS > 25 5 o )pb
YL gl gy el Loy QB FT 15 ol ilo b 5
0F Ol BB gyl 4l g olS ;5 BVCOLL
> o Ui &S W3, SFT 15 by g b Jleé ce, COL 2
5 3550 35 b (63,018 &jg0a BUCOLL (5 Jgao 155
9 B slay; oSl wile {(Chia et al. 2008) 2o o Lo
35 Ll oY o)l pgjges,S (g5, »» BVCOLL 5 oS B4
o8 9005l YE LYY 3500 35 6565 5 i (S5 alols
05 CawdYl 3 850 Sl YA L YO g B 5 cundVl
(Abou-Elwafa et al. 2011; cuwl s sbass B4

Chia et al. 2008)

gl 5 Shos L FT JbUGe gla 5 5l adeus g3

W8 jida )3
ol bl sslans Uil sn b FT gy
(Phosphatidylethanol-Amine-Binding Protein;
Jasland odlgils gy ¢ uamgnlyl 5> et al. 1999)
FT (slapl b loxe (Sutijoks 09,5 ¥ 5l JSiia £0pmel Joill
s TFL1 (Terminal Flower 1) (Flowering Locus T)

BVFLK (slopl L 8,5 13 oo ol olize slacSgen
(Abou- wleas olwlus BVLDL1 4 BVLD BVFVEL
o & cuwl ol 5l (Sl oladss Elwafa et al. 2011)
Wyl > plimdg) (5 4 e BVFLK (o5 (oYL
Pk asl e o) & @ e g opde
& o Js 5} e BVFLK 55 am3 e plow] (pusmsgial]
syl gl 3 1, FLC 55 gl cadly Gupapgia)]

o cblis 5Sloe ;0L &5 A8 098 p g
oS iy ol ABplier g unengial)] olS 90 0 05 ol
s Bl (glagyy > (Lol Cladil I alaailis R
05 Vb ole el Bynie 5 Guaggiol)] ) it
fve wil Ligs of Job eseginl] oS 5 BVFVEL
0F ol 2 oM 1p,S5 (23S 0 3L ) (S sl el
gl 53 393 blie o5 b LK1 slas s BVFVEL
sy otin o Gl jl ol (39,00l celes S8 coo
BVFVEZ )j pba; FVE () 4 S35 jlows Selgan (o9
£55 £yl BVFVE2 5 BVFVEL oS Caul yuai 5 e
15 FVE (63,8 Sosi,l BVFVE2 4 036 (63,Slec

(Abou-Elwafa et al. 2011; Zhang et al. 2024)

CO (yj SSglgon 9 (598 LI yamne
OS5 gilwoylee Sl (sl slaoaiS gl oS by
5 gty Josd 5l 69 (sliglings b slawiss o ol &
ol s &S a4 b gl K0 b e
@b 35 B (235 33 S5 (6395 gl s (5018 el
S5 o soNiS el Cal o a0 S LS Gle
CONSTANS  jrwgioll 3 ()9 ©ols  youms
TIMING OF CAB , CONSTANS-LIKE
sasisy Jols asels 45 wzun EXPRESSION 1 (CCT)
L)y 4 LS Ty 43 5 005 guee CONSTANS (CO) 5
(Suarez-lopez et w4 0 oLS 23 5 o 2l (sl
lie sl 5l (slas goome Sod (sladisS wile al. 2001)
(Chiaetal. 2008) sloas slolis 10 8,05 ;5 CO 5



AR

13 S )5 el \Y 5 10 BVFT2 55 ol 29l s BVFTL
dlogd sl yiian ;5 Ll ol olpon il VA ()5 090 Ky
g Gglite iljgy bulyd 13 0f Glo Ny 0dds (iluo)lee
slan BVFTL 55 Bl 15,85 oo BVFT2 13 oS cligSa,
whal 1 1) YL ol gaw QU 22 obsS (slajyy Llys
58 o BUFTL 15 sl ecsilnsle UM 3 by s 5,
loj eonl 2 oMo bboe Lil3al BVFT2 15 ol 5 o0
oS b e obigS jg Lulpd 4 0ad o gy dllwgs (lalS oS
by o (De-vernalization) (¢jlws)ley uiS g cuw
38 o BVFT2 55 5 oo BVFTL 13 chid S g9k
BVFT2 1f olo o 028 odalie (Stusod cplolpw 0035
Sl g dlogd 5 dlocSy (slajaiie )3 (235 £955
adly piga ol Tt 15 & pusmgsialy] LS 5> LSS
» FT o5 o8 lion BVFT2 5 &5 oby lis g

(Pinetal. 2012) cusl 8z
JrS Gk SIBVFT2 05 (YL ol a5l sl ) 59
&l =0l =5l Gk J) o ol ol w5 b 35S ST
Ayase 0 2 5 gl BVFT2 5 a8 ol flis Falslie
CuiS s 5> 35SIBVFT2 dlugs oalS .cusl ol
g Wl 5 )ske dege B (silwojler 4 jl g il
=) =5 G I BVFT2 15 oyl 53 o8 dllucSy olals
595 Frr Ugodgs (o)t 4y 3B o9 0ad gels Falilae
p S ol sl ashl b clajg, cov Sy My 4
Olgise «dls yus BVFTL (5 ol Bl jus plals ol
el b 1 (@S ploj > (ghgtud & £8)S don
Ole mebal galanslgds wudins pu jobods g BVFT2 (5 nuitins
Phoel BVFT2 5 Jos (g0920 )b 51 BVFTL 5
loy & oy Aok, gloyiiis & s ) Cad
0395 (S9y8lu 4 B 395 0 oyl a1 BVFTL 5 ks
ol Sl 0980 08 po iy gl 0 BVFT2 o5 ol
s9 S oo |y BVFT2 55 ol BVFTL 55 & cad
Ol g hls & ondio oy ol 5 Allugy (sl iz 50

0o > xR e wide BVFTL (o 51 (YL

&I TSFE g FT sla gy .caol MFT (Mother of FT)
gl olS 5> a8 wies Sae SYob a3 5 W3Me
S ys @M Ll 255 g0 a2l (sl gy ot (23S e
TFLL & Jbb s simd o Gidg 35 |y (205 b )50
g JS ssbar dede (35 Bl gl B,
de250 o)) o (@IS oS Jlb lgieds FT dlgils 5
S o Jos (25 o bl plgisa TRL odlgils 5 )0
2 &S Cuwl oud ol s (Kobayashi et al. 1999)
S ol (065559) 5 iijgy Gl Jold) K> laaiss
Wbo Rl gy9 ool gl 4y STy ) FT (5 4l
S Joyd @50 (2 s Gu oo pRIFN G
Dgbso (PS5l amd il 3 ia o
S ) 395 5l g FT (590 o0 jlail &5 pobo Lo
Jsl ogb g Ll (235 &5 ol el sl cuan

(Turck et al. 2008) L o
1, FT o5 olean 93 (Pin et al. 2012) oySan 5 o
& 03 9 ol @ESSIeaSS Hebay w08 olulid W8)ase
sliate 5,Skee ghls Wgb o odesl BVFT2 5 BVFTL
NR Y 5% o)led slapgises;S s9) » i id 5 8,005
b degoome 5l s BVFT2 5 BVFTL (sla s .,
o 4 LS 5 el Sl ailind (g (5018 ik
gwre FT 0] 4 dtaly (0 3S03p 0 92 onl Sy
4 Glae BVFTL 5 4551 (Pin et al. 2012) woi o0
Jose @35 o3l lyiear Ll cusl FT odlgils
85w ylog 5l dm 09 o (B cuw BVFTZ 5 08 o
g s Ll I 208 (sl coldy )3 dlgs (slaadyis
ol e adllas )l (235 Sl (ol il sl @
Silwo)lgedllogs 5 dlwgy oSy LS o5 aljy)
bylys oo oS o lis woglate (595 Lol cod (g0l
paseis LB (gewa BVFT2 05 ol wlisSjs, SWI e
s YU 3l 5y slind 3 BVFTL 15 o Jloys
Aoy lojyrise b csjlooslee g 9 1098 0 Ol

o5 ol uad uu.mlfbdf.b”uo a8l 4 3l Lglm)'g) o



el 5) (69)48lw b by (SU5T (ladidl (65950

SOl Ay 5 gl LS 0 Ll ©)sos,
Dy9l Jos a cnilon (235 5l s )3 ol

ol 93,8 581, B 5 (Pin et al. 2012) ), Ken o oy
Bolting Time Control 1; ) (sg,a8ls loj Ju8 o5 1,
cels wdas 7 blie BTCL 5 .wueb (BTCL
03 9 23 Gl oS la pU b gl g0k
(PPD-HI) g2 ,3 2l gy Jbo 4 gl (o 5088
slyp BTCL 5 cuedl &5 wob L latse ()l el
5 BVFTL (slagys b o Jolas 0,k 51wy )5 (0 J5
sy 0 esdoliin Juw b po.cwl BVFT2
ogS yw |y BVFTL 5 culd BTCL e T cllocSs
oS wisl yialidl BVFT2 o5 ole o) 4 0 o5 a8 e
(Pin et 3580 (gilusle cob (23T carge 295 Ay
al. 2012)

Cawd 1y 393 5 Sles (3945 b aS) btcl Ciglio JI Jols
2 ol Cae SYeb (18,8 518 0ad o by s (031
of ol ol g BVFTL () Jlee @ poxie Loy (15 me
OSes Jao S oplplo ((Pin et al. 2012) 545 0 BVFT2
Bvbtcl i dong dlwgd slanid iz (il sy
wloyw slod 3l G Iy BVFTL 5 Wlg o s oS cal
Bubtcl ()7 IS ol 4 oeie (ployw slass S g8 o
05 e e olo g BVFTL (5 Jlee 9 098 lp
&b il (Pinetal. 2012) il Son g oy 395 0 BVFT2
Sasle —Ql—j 6xS e L obtel o5 beels
o 4am VY 1 ey o 20050 Casd 4y ()l sla i
39 (59)88le &y pylie JolS pobody e 5> (gl
o 9 B2 55 ol bplSe p e (sjlwislen plog
9,5t gisy Jole o bl & e o bl
ol pulall &ljgy yqody 457 3,5 BVBBX19 lgie o
9 BVFTL slayy cassVl > BVBTCL 5 sl
OF My i WS (e Jos g wd)S 18 BVFT2
UPes O 5 0ud BVFTL 5 e, 5l xle BVBBX19

WY

BVFT2 )5 0 68 po Jubd 4 0le & e 4y &y sl g,
cos BVFTL (5 oS das o ol ol op) a8y a8l o
3 ot Johis o8 53,50 a5 5l lo Qi 1 Ll
5 sl BYFT2 05 ol @88y galawlyd cuwl (oo O]
2185 yie S 4 BVFTL 55 ol ecsjlaosley SO
Ol 4 9 39)00 0 I BVFT2 (5 (o) 1 o] (S48 e
g g0 03 ol wilyiey kalyd 4y iiSly ojlal W8 jniee
5o bl (ans B ;b 4 (Pin et al. 2012)
Noliysd o obigSje, ol K a5 (Falcaria vulgaris)
FT 05 alie sl g blie () 95 Jobs Cunl jaize So35
Oglazo 3,Slos (godimdylis & Cul wglate ol (s0450 b
oS o)l ;) (Chab et al. 2008) cuul 00535 (clayise
Sh Vb aspd 5 8,500 luglines BVFT2 4 BVFTL
eSon SYgaze b))l e ol ]y Jlg calis
sl drg o QLS S8y (8 & 4295 L o]

dole &S cawl 03 i uogiolyl o i Oldllas
TFL 05 b (2305 S5l plsisa) FT 05 p)lee g
w5 Sy g TRL 4 L FT (5 Jos ((SosS pw olsica))
55 ol spSileass b 4 (AN et al. 2006) sl
JBY oSl )5 adls dol bl S ks aolee 315k
5 0058 >,5 dils (Hanzawa et al. 2005) cul plos|
Y 5 L BUFT2 5 BVFTL (logs ¥ osus] b
L ¥ oygmST Jols o))y coglés sgm g0 aselipwl VF I disel il
6 BUFT2 3 BUFTL (lag; oy (o) il sbolie Laid
50556 M2 o Hlid &S WS gy Colite Jos 4 e
SeoSan Bk jl (@5 WL oSl i)l
ol clabls gty (gladed calize (sladisS ;o PEBP

(Pinetal. 2012) ¢l
—OI—)T bwyg BVFTZ 5 oo dlucS als a8 S
bl ails lajg) o b (pl wd)S Hlae Falilis
L;l)g %)) QJ..I 3939 D 0 ul"“ FURRRW HD\A L9y Dy
BVFTL o loj olanl My .l Lalyll oo 8



Y

9 4= > (Mutasa-Gottgens et al. 2010) >4 20 IS
WByuisz el gher 1) )98 @Me Gl L g (iluo)lee
Olllae olol o (23 J5 S 4 pB ol
2)9> Job el YV (5500 13 (66513 ©y50 5 cosibplox]
oilBl (23S g ol floj csiluosler Sl )9

(Pinetal. 2012) cul 50 235 L
sebds g9yl JMS 55 o (iluo)lan I 0oy e
B 5,8 (Sorce etal. 2002) b o il 38l (515 sz
) 0 paude jebay |y Jobe M) Sl e
5 o35 (59)88lw lo uper gy obaw Ll A8 00
5 S9slo Wl 4 B (gluoyle gk o) ()8 208
cuedl (Mutasa-Gottgens et al. 2009a) cows 235
B. o cwl il ady el jie A8)ase 0 e
ol JWs 4 g (ggya8le ] cel s 50,18 maritima
slajyy ulpd cos Jy 005 il (lajy) cos (a5
Oldllas ol wlal p.ad (LS (gg)a8le Cogo ois oligS
sljey bl s cov oS SblS s (Margara 1960) 1,5 )L
Sloolainl 5 (gilwo )l jlawd 51 o (> cdidgs 03,8 Ay oS
Ay gley dad o ylis a8 ais sdmlive 20 5 G oy e
O b (2 Sole JB g Cunl (ol WB)xike (20 S sl
dgdien Jobo 00 Jagb o (el s (5luoylee g
Olsiss Yaane > (o 41 5 ol ¥ (59,8l ol &5
iy gy v [ 29 00 48)S e 53 (9)48le Lo
ol 53 e Ol 8 SBLS Gle > 55,48k gl
IS 31 sl yomnn 9 B 5 8,55 51,8 15k covi g ol
I GalS 53 8 o Jas 3508 | Jio 5y o
35 o Cama Ko 3 35290 (BD) LB L 5 (BB) alls
oos 5 a5 5 saple Syl Taee BT (F2)
85 4 oo 5 Ll ol 415 15 oy (8 ablse,
508 B TGl )3 258 alS (g5)abls carge Jitus

235 4 i oS am> oo (I BVFT2 (5 5l (cungis,
(Dally et al. 2014) 5,5 o 18,35 >

P J S (Seiijld oldlas
S )atiy 5 «(sjlwnlag SuB3lE S ¢ umgptel)] e
Olyasi g (Sloj 0y9d 039 Cuwl 48,5 13 adllas 3)40
Sy S il sl i ye 55 DNA ()38 Lo gl
s Sl g 009 byl o ad)nise o (g9,d8le Wl L
(Trap-Gentil et al. ol (55,8l & oo Sujl,
B2k 5l (59,88l & Joos Ciliske gokans b Loy 2011)
Sjples JB a8l olel w0 3 DNA (4135 Jeio (520
S e (slaog S syl olas slacss o slaigSe,
OhlSer 9 3yl by ctlef] > lpglis glgil a o
DNA (5,158 Lo 5 o5 ol olise (Hebrard et al. 2013)
o Polie igi] s g ol il e R i ye 52
ol VP 2la gl ol 2 9 23,5 (g2 (lo)ee ]
Gglite ()15 e glise b ol WY g glite o5 ol b
Lol ¢l g polio oadgiloo)ler syl Gl )
9 o5 o oo & WS jasie Jlg VY ol L0
2l WY eled ) iy dgg glds dayl (6,138 Lo
o iy Solds ;X0u0 b S it i Sl 5l oS
PV s ¢ Jaxio plB)) 4y Capnad ol )1 5 (535 Jize
Ol gl ol cudls Jlgson LB Cliios ulis b oS o,
DNA (¢)li8 e 655 cpglin 5 olus pl5) 15 a5 a2 o
sl el 5l Colize S0 b gjluo gy s

PBGR39; (59,48Lw 9 (ol e ol 92Llo
5 oslizal b aile iS5 lisb ST gy ool il
5 S988le > &yl a (il Cowl 0ad Pl e
Oy Dede od (gilwe)ley layae > ad S
o (59528l Sl el o gilunylo pas ©jgo 5> iz en
G 155 o Lol WS o Jos (6395 g5 ) Jiio yobocty



el 5) (69)48lw b by (SU5T (ladidl (65950

u;] e TpRvES uL..o d)b@-’“’ M W) u"l'“"’L""’ 2015)
2o g QLSS Cumen VA g9y Ml D (Ssen
D)0 93 y& 4D -\J.))f ul?b.n‘ Jw uajl> Cuxo> AR} &9y
S8l i 9 SNP183 slacuisi e (Siwen
J5S > JB 55 oSl S jgas aiBl ] dgr o giee
L5 1y A8yisx gl 3 F ojled pojges S 59y 2 59yl
ol B Sl a8 o Sl sladoliy jd a5 aad o
o5 a8 Bv_22330_0rky gyl (59) » ,SL opl Ll
Dy s 23 5 55 g el Lumgdly] ;5 MMP - lions
JysS Givis cunle p cd¥ 55 oKl pl iCanl ouds #8l

.(Broccanello et al. 2015) 5> w8050 ;> 235

325 4o

5 Aok b aBiue o (w5 b ye 4 S
Gilisco gglaw > (odasie Jolge 1l cou oS ol oaomy
Sz join ole STyl 3929 b g 2)> )5 el
2 Old oopl poegMe Ll ol L (g0b; asliil
@L., ] ui.o.o oslaiwl dy90 L;Lhc\}yo.} 9 (380 L;Ubu;'}”
s Jb e 5 35l 5L 1) dilise oldlas
Sl e ool cpl )3 (Slofg Coenl BNk 43 goya8le
c.).l.lg LSLQ’).ﬁ) 9 Dy dl}m ole u9lLul.; ‘_,’.‘a.m Ja;l).w 5
sssy 5l oolinel b Ll das ials 1) Jease 3,Slas
J5S ) ol Olgie polie pB) Ll g cuslio (55l
b laspe (K55 lapeslSe 5 S5l52id Gons o 355
5oy LU A8 o S () )S0l5a 4 (69,8l0 5 (25
y widyuise ) eglie 9 bt (gl s (g slasysld
ey Jypaze )il 9 2, os 390 yol (] § 1103 dniogs
S o

&8l 2,
ol 00iis o B aun g lawgi z8le (ol 455 zun

V¥

pescte odiojley LS > Lol Bl Ay s oy
2 O 380 il (lajgy CoB B (59 0093 (b (S
530 B T ol 48 ol 3 a3 JS 5l b bl glis)
Wb cow w5 Slohd g loj g 355 ,l5 sxe (BD/BB)
1388l ] 3] Sl 0l 392 cdpmes b Jolss g0 B I
<l 509 0399 9 B 5l St ooty oy aiBytier
Jos Mzl Gl (gjlunyley 435 o Jas (sgyailu sl
ool dawlgts B e T ol o5 B T 51 ey oo

WS 03 8y (59588l Sl ) e jsboay

FoSIs0 £l Sl 51 ooliw!
che 5 Cgl Ole oy sl OVl S 4 225 L
sboaisS bl 5 )b 5l g9)a8le 4 Joou ) gl iy
S O ygo S o Ay ol )3 &S odlBl Ll (4l oS
SBlS Bis b g clalie al p bro clbal ol
by AL B (o ol sl o (0)%9) s9y88le (sl
IsS)s celo Sl 51 oslizol 05 oo plol K3y e alls
4 oIS b by ogllack il et > Wlg
OllS 5355 9 Sy QB 4 g 0,8 SeS 59,48k
@ ol slats) I esliil abxily (g9)48le 4 pglie
oS gly w8y SMol ghdly Sl S8
Sary el 15 Gl dodgus Jloas g9yl 4 (]S
Ol 5 035 isd bl Sl g Boiele il
Sl 1y oydilody foos wiilen oy scin ol
Sl J5¥5e sy Sl ojg el ilei oo ol 8 (]S 0l 54
@ o pbdlcsy jpas sl | u8)use wudle)) b))
BTCL 5 j5 (oo ,hin cpdin g o 00wl Mgy 0 4Bl
Lz oo (Sea |y dlusiz g dlocsy Glals e 2l
Al dlegs sy gl ol 4 B )L oyl oS
0)9> 2 0255 S jl ot pdBle 4 oS L L5 IS
2R She s] derg edadlis &5 Mt dop
P9392955 $9) » SNP183 Silis .ol (59,08l &y (]S
(Broccanello et al. ,Sen 5 olilSgy lawg & o)lads



wediB )i ) (6988l b ke (SG55 sladBl (6950 A

References 03w 3590 aulio

Abe J, Guan GP, Shimamoto Y. A gene complex for annual habit in sugar beet (Beta vulgaris L.). Euphytica. 1997; 94:129-135. Doi:
https://doi.org/10.1023/A:1002963506818

Abegg FA. A genetic factor for the annual habit in beets and linkage relationship. Journal of Agricultural Research. 1936; 53:493-511.
Doi:https://doi.org/10.12691/wjar-3-5-5

Abou-Elwafa SF, Buttner B, Chia T. Conservation and divergence of autonomous pathway genes in the flowering regulatory network
of Beta vulgaris. Journal of Experimental Botany. 2011; 62:3359—-3374. Doi:https://doi.org/10.1093/jxb/erq321

Abou-Elwafa SF, Biittner B, Kopisch-Obuch FJ, Jung C, Miiller AE. Genetic identification of a novel bolting locus in Beta vulgaris
which promotes annuality independently of the bolting gene B. Molecular Breeding. 2012; 29:989-998. Doi:
https://doi.org/10.1007/s11032-011-9671-x

Abou-Elwafa SF. A new locus suppresses bolting under shortening daylength in sugar beet. World Journal of Agricultural Research.
2015; 3(5):179-184. Doi:https://doi.org/10.12691/wjar-3-5-5

Aghaeizadeh M, Ahmadi M, Azizpour MH, Moharamzadeh M, Bazrafshan M. Development and evaluation of sugar beet monogerm
triploid hybrids resistant to bolting. Final report of research. Agricultural Research, Education and Extension Organization
(AREEO). 2017; Report No. 51230. (In Persian, English abstract).

Aghaeizadeh M, Moharamzadeh M. Screening of tetraploid half sib families for resistance to bolting in Moghan region. Final report
of research. Agricultural Research, Education and Extension Organization (AREEO). 2018; Report No. 53279. (In Persian with
English abstract).

Aghaeizadeh M. Sugar beet breeding. Technical leaflet. Agricultural Research, Education and Extension Organization (AREEO). 2019;
Report No. 56864. (In Persian).

Ahn JH, Miller D, Winter VJ. A divergent external loop confers antagonistic activity on floral regulators FT and TFL1. The EMBO
Journal. 2006; 25:605-614. Doi:https://doi.org/10.1038/sj.emboj.7600950

Alimirzaee M, Mirzaie-Asl A, Abdollahi MR, Kolaei HE, Fasahat P. The mRNA sequence polymorphisms of flowering key genes in
bolting sensitive or tolerant sugar beet genotypes. BioTechnologia. 2017; 98(3). Doi: https://doi.org/10.5114/bta.2017.70799

Andrés F, Coupland G. The genetic basis of flowering responses to seasonal cues. Nature Reviews Genetics. 2012; 13:627-639.
Doi:https://doi.org/10.1038/nrg3291

Baurle I, Dean C. The timing of developmental transitions in plants. Cell. 2006; 125:655-664.

Doi:https://doi.org/10.1016/j.cell.2006.05.005

Boudry P, Wieber R, Saumitou-Laprade P. Identification of RFLP markers closely linked to the bolting gene B and their significance
for the study of the annual habit in beets (Beta vulgaris L.). Theoretical and Applied Genetics. 1994; 88:852-858.
Doi:https://doi.org/10.1007/BF01253996

Broccanello C, Stevanato P, Biscarini F, Cantu D, Saccomani M. A new polymorphism on chromosome 6 associated with bolting
tendency in sugar beet. BMC Genetics. 2015; 16:142. Doi: https://doi.org/10.1186/512863-015-0300-2

Buttner B, Abou-Elwafa SF, Zhang W, Jung C, Muller AE. A survey of EMS-induced biennial Beta vulgaris mutants reveals a novel
bolting locus which is unlinked to the bolting gene B. Theoretical and Applied Genetics. 2010; 121:1117-1131. Doi:
https://doi.org/10.1007/s00122-010-1376-8

Chab D, Kolar J, Olson M, Storchova H. Two FLOWERING LOCUS T (FT) homologs in Chenopodium rubrum differ in expression
patterns. Planta. 2008; 228:929-940. Doi:https://doi.org/10.1007/s00425-008-0792-3

Chia TYP, Muller A, Jung C, Mutasa-Gottgens ES. Sugar beet contains a large CONSTANS-LIKE gene family including a CO
homologue that is independent of the early bolting (B) gene locus. Journal of Experimental Botany. 2008; 59:2735-2748.
Doi:https://doi.org/10.1093/jxb/ern129

Dally N, Xiao K, Holtgrawe D, Jung C. The B2 flowering time locus of beet encodes a zinc finger transcription factor. Proceedings of
the National Academy of Sciences USA. 2014; 111:10365-10370. Doi:https://doi.org/10.1073/pnas.1404829111

Fasahat P, Hosseinpour M, Kakueinezhad M, Hemayati SS, Laidig F. Effect of latitude on sugar beet bolting occurrence. Poljoprivreda
i Sumarstvo. 2023; 69(2):181-190. Doi:https://doi.org/10.17707/AgricultForest.69.2.14

Hanzawa Y, Money T, Bradley D. A single amino acid converts a repressor to an activator of flowering. Proceedings of the National
Academy of Sciences USA. 2005; 102:7748-7753. Doi:https://doi.org/10.1073/pnas.0500932102

Hautekeete NC, Piquot Y, Van Dijk H. Life span in Beta vulgaris ssp maritima: the effects of age at first reproduction and disturbance.
Journal of Ecology. 2002; 90:508-516. Doi: https://doi.org/10.1046/].1365-2745.2002.00688.x

Hébrard C, Trap-Gentil MV, Lafon-Placette C, Delaunay A, Joseph C, Lefebvre M, Barnes S, Maury S. Identification of differentially
methylated regions during vernalization revealed a role of RNA methyltransferase in bolting. Journal of Experimental Botany.
2013; 64:651-663. Doi: https://doi.org/10.1093/jxb/ers363

Hebrard C, Peterson DG, Willems G, Delaunay A, Jesson B, Lefebvre M, Barnes S, Maury S. Epigenomics and bolting tolerance in
sugar beet genotypes. Journal of Experimental Botany. 2016; 67(1):207-225. Doi: https://doi.org/10.1093/jxb/erv449

Hohmann U, Jacobs G, Jung C. An EMS mutagenesis protocol for sugar beet and isolation of non-bolting mutants. Plant Breeding.
2005; 124:317-321. Doi: https://doi.org/10.1111/j.1439-0523.2005.01126.x

Hoseinpour M, Taleghni D, Aghaeizadeh M. Release report of sugar beet monogerm hybride resistant to bolting and Cercospora leaf
spot disease. Agricultural Research, Education and Extension Organization (AREEO). 2020; Report No. 56864. (In Persian).

Kobayashi Y, Kaya H, Goto K, lwabuchi M, Araki T. A pair of related genes with antagonistic roles in mediating flowering signals.
Science. 1999; 286:1960-1962.Doi:https://doi.org/ 10.1126/science.286.5446.1960

Kroupin PY, Kroupina AY, Karlov GI, Divashuk MG. Root causes of flowering: two sides of bolting in sugar beet. Agronomy. 2023;
13(11):2671. Doi: https://doi.org/10.3390/agronomy13112671

Kuroda Y, Kuranouchi T, Okazaki K, Takahashi H, Taguchi K. Biennial sugar beets capable of flowering without vernalization
treatment. Genetic Resources and Crop Evolution. 2024a; 71(2):823-834. Doi: https://doi.org/10.1007/s10722-023-01662-0

Kuroda Y. Key quantitative trait loci controlling bolting tolerance in sugar beet. Euphytica. 2024b; 220(4):47.

Doi:https://doi.org/10.1007/s10681-024-03304-7



wediB )i ) (6988l b ke (SG55 sladBl (6950 \ld

Lasa JM, Sanz JM. Bolting variability in sugar beet (Beta vulgaris L.). Estacion Experimental de Aula Dei. Zaragoza. 1976.
https://digital.csic.es/bitstream/10261/21743/1/VOL.13-%20N%C2%BA3-4L asa,Sanzpag%20345.pdf

Lexander K. Present knowledge of sugar beet bolting mechanisms. Proceedings of the 43rd Winter Congress of the International
Institute of Sugar Beet Research. 1980; 245-258. Doi:https://doi.org/10.12691/wjar-3-5-5

Longdon PC, Scott RK, Tylderley JB. Bolting of sugar beet grown in England. Outlook Agric. 1975; 8(4):188-193. Doi:
https://doi.org/10.1177/003072707500800406

Lysgaard CP. Selection for reduced bolting susceptibility in beet and Swedes and the influence of environmental factors on bolting.
Arsskr. K. Vet. Landbohoejsk. 1978; 135-158.

Marcum WB. Inheritance of bolting resistance. Proceedings of the American Society of Sugar Beet Technologists. 1948; 5:154-155.

Margara J. Recherches sur le déterminisme de 1’élongation et de la floraison dans le genre Beta. Annales Amélioration des Plantes.
1960; 10:362-471.

Metzger JD. Localization of the site of perception of thermoinductive temperatures in Thlaspi arvense L. Plant Physiology. 1988;
88:424-428. https://www.jstor.org/stable/4271589

Mutasa-Gottgens ES, Hedden P. Gibberellin as a factor in floral regulatory networks. Journal of Experimental Botany. 2009a; 60:1979-
1989. Doi:https://doi.org/10.1093/jxb/erp040

Mutasa-Gottgens ES, Qi A, Zhang W, Schulze-Buxloh G, Jennings A, Hohmann U, Muller AE, Hedden P. Bolting and flowering
control in sugar beet: relationships and effects of gibberellin, the bolting gene B and vernalization. AoB PLANTS plg012. 2010.
Doi:https://doi.org/10.1093/acbpla/plq012

Orazizadeh MR, Azizpour MH, Moharamzadeh M, Vahedi S, Aghaeizadeh M, Fathi MR. Development and evaluation of bolting
resistant single crosses in sugar beet. Final report of research. Agricultural research, education and extension organization
(AREEO). 2011; Report No. 40246 (In Persian with English abstract).

Owen FW, Carsner E, Stout M. Phototermal induction of flowering in sugar beets. Journal of Agricultural Research. 1940; 61:101—
124.

Pfeiffer N, Trankner C, Lemnian I, Grosse |, Muller AE, Jung C, Kopisch-Obuch FJ. Genetic analysis of bolting after winter in sugar
beet (Beta vulgaris). Theoretical and Applied Genetics. 2014; 127:2479-2489. Doi:http://doi.org/10.1007/s00122-014-2392-x

Pin PA, Zhang W, Vogt SH, Dally N, Buttner B, Schulze-Buxloh G, Jelly NS, Chia TYP, Mutasa-Gottgens ES, Dohm JC, Himmelbauer
H, Weisshaar B, Kraus J, Gielen JJ, Lommel M, Weyens G, Wahl B, Schechert A, Nilsson O, Jung C, Kraft T, Miller AE. The
role of a pseudo-response regulator gene in life cycle adaptation and domestication of beet. Current Biology. 2012; 22:1095—
1101. Doi: https://doi.org/10.1016/j.cub.2012.04.007

Purvis ON, Gregory FG. Studies in vernalization of cereals. XII. The reversibility by high temperature of the vernalized condition in
Petkus winter rye. Annals of Botany. 1952; 16:1-21.

Rezaei J, Fasahat P. Autumn-sown sugar beet cultivation in semiarid regions. In: Sugar beet cultivation, management and processing.
Singapore: Springer Nature Singapore; 2022. p. 275-290. Doi:http://doi.org/10.1007/978-981-19-2730-0_14

Reeves PA, He Y, Schmitz RJ. Evolutionary conservation of the FLOWERING LOCUS C-mediated vernalization response: evidence
from the sugar beet (Beta vulgaris). Genetics. 2007; 176:295-307. Doi:http://doi.org/10.1534/genetics.106.069336

Sadeghian SY, Becker HC, Johansson E. Inheritance of bolting in three sugar-beet crosses after different periods of vernalization. Plant

Breeding. 1993; 110:328-333. Doi:https://doi.org/10.1111/j.1439-0523.1993.tb00597.x

Simpson GG. The autonomous pathway: epigenetic and post-transcriptional gene regulation in the control of Arabidopsis flowering
time. Curr Opin Plant Biol. 2004; 7:570-574. Doi:http://doi.org/doi.org/10.1016/j.pbi.2004.07.002

Smit AL. Influence of external factors on growth and development of sugar beet (PhD thesis). Department of field crops and grassland
science. Agricultural University Wageningen; 1983.

Sorce C, Stevanato P, Biancardi E, Lorenzi R. Physiological mechanisms of floral stem elongation (bolting) control in sugar beet (Beta
vulgaris ssp. vulgaris L.). Agroindustria. 2002; 1:87-91.

Suarez-Lopez P, Wheatley K, Robson F. CONSTANS mediates between the circadian clock and the control of flowering in
Arabidopsis. Nature. 2001; 410:1116-1120. Doi:http://doi.org/doi.org/10.1038/35074138

Trap-Gentil MV, Hébrard C, Lafon-Placette C, Delaunay A, Hagége D, Joseph C, Brignolas F, Lefebvre M, Barnes S, Maury S. Time
course and amplitude of DNA methylation in the shoot apical meristem are critical points for bolting induction in sugar beet and
bolting tolerance between genotypes. Journal of Experimental Botany. 2011; 62:2585-2597.
Doi:http://doi.org/10.1093/jxb/erq433

Turck F, Fornara F, Coupland G. Regulation and identity of florigen: FLOWERING LOCUS T moves center stage. Annual Review of
Plant Biolpgy. 2008; 59:573-594. Doi:http://doi.org/10.1146/annurev.arplant.59.032607.092755

Vogt SH, Weyens G, Lefebvre M, Bork B, Schechert A, Muller AE. The FLC-like gene BvFLL1 is not a major regulator of vernalization
response in biennial beets. Frontiers in Plant Sciencs. 2014; Vol. 5: 23. Doi:http://doi.org/10.3389/fpls.2014.00146

Wellensiek SJ. Dividing cells as the prerequisite for vernalization. Plant Physiolgy. 1964; 39:832-835.
Doi:http://doi.org/10.1104/pp.39.5.832

Zeevaart JAD. Gibberellins and flowering. pp. 333-374. In: Crozier A, (Ed). The biochemistry and physiology of gibberellins. New
York: Praeger; 1983..

Zhang C, Li S, Wang Y, Long J, Li X, Ke L, Xu R, Wu Z, Pi Z. Vernalization promotes bolting in sugar beet by inhibiting the
transcriptional repressors of BvGl Plant Molecular Biology. 2024; 114(3):67. Doi:http://doi.org/10.1007/511103-024-01460-x



