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Introduction

At present, garlic (Allium sativum L.) production is completely dependent on asexual propagation, but a wide
diversity of bolting and scape formation is observed in garlic. Based on their ability to produce flowering stem
(scape), garlic clones are classified into non-bolting, semi-bolting, and bolting clones. In non-bolting clones,
scape is not formed or abort at early stages. In semi-bolting clones, cessation of scape development often results
in the formation of very short scape between the leaves and development of the elongated leaf-like bracts in the
center of the inflorescence. In bolting clones after exposure to low temperature during autumn and winter
(vernalization) and long day during spring, long and thick scape is formed which contains inflorescence with
flowers. Transition from vegetative to reproductive phase and formation of scape, inflorescences and flowers in
plants includes a series of continuous stages which control by several gene groups. Vernalization reduces the
expression of the flowering inhibitors like FLOWERING LOCUC C (FLC), resulting in increased flowering
integrators expression like SUPPRESSOR OF OVER EXPRESSON OF CONSTANT 1 (SOC1), APETALA 1
(AP1) and APETALA 1 (AP2). So, a correct understanding of the vernalization control genes expression pattern
will improve garlic flowering and breeding programs. The aim of this study was to investigate the relative
expression of AsFLC, AsSOC1, AsAP1 and AsAP2 before and after vernalization in Iranian bolting, semi-bolting
and non-bolting garlic clones.

Materials and Methods

In this study, three garlic clones including, bolting (Mazand Zabol), semi-bolting (Langrud), and non-bolting
(Hamedan) garlic clones were selected from vegetable collection of Bu-Ali Sina university (Hamedan, Iran). At
first, RNA extracted from meristems of three clones monthly, from 4 to 20 weeks after planting (for AsFLC,
AsSOC1, AsAP1 and AsAP2 expression analysis) and from inflorescence of semi-bolting and bolting clones at 24
weeks after planting (for AsSOC1, AsAP1 and AsAP2 expression analysis) at 2 biological replicates. Then,
cDNA synthesized using Oligo d(T) primer and relative expression pattern of the mentioned genes were
analyzed using quantitative Real time- PCR.

Results and discussion

The highest expression of the AsFLC in all three clones were observed at 4 weeks after culture (before
vernalization). Its expression in non-bolting clone at 4 weeks after planting was 2.03 and 1.13 times more than
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bolting and semi-bolting garlic, respectively. After vernalization ASFLC expression decreased in the meristem of
the all three clones. The decrease in the relative expression of ASFLC in bolting garlic occurred at a faster rate
compared to the other two garlic clones. Then the relative expression of the AsSOC1 was increased in the
meristem during vegetative to reproductive transition phase (12 weeks after planting). The highest AsSOC1
expression was observed in the meristem of bolting garlic at 12 weeks after planting which was 10.98 and 18.41
times more than the meristem of semi-bolting and non-bolting garlic, respectively. ASAP1 was expressed in the
meristem of three clones in the vegetative to reproductive phase, but its highest expression was in bolting clone
at 12 weeks after planting and was 1.22 and 3.64 times more than the meristem of semi-bolting and non-bolting
clone respectively. AsAP2 was just expressed in the meristem of semi-bolting and bolting clones and after
reproductive transition. The highest expression of the AsAP2 was observed at 16 weeks after planting in the
meristem of semi-bolting and bolting garlic, which was higher in bolting garlic (2.33 times) in comparison to
semi-bolting garlic. Decreases in the expression of the AsFLC during vernalization and increases in the
expression of the AsSOC1 and AsAP1 during vegetative to reproductive phase in the meristem may lead to scape
formation in bolting garlic. However, the higher AsFLC and the lower AsSOC1 and AsAP1 expression in the
meristems of non- and semi bolting garlics in comparison to bolting garlic inhibit scape formation. In non-
bolting garlic scape aborts and in semi-bolting garlic short and thin scape formed in the middle of leaves.
According to the results AsSSOC1 and AsAP1 were expressed in the inflorescence of semi-bolting and bolting
garlic. AsSOCL1 and AsAP1 relative expression in the inflorescence of bolting garlic were 4.28 and 11.25 times
more than semi-bolting garlic, respectively. AsAP2 was just expressed in the inflorescence of the bolting clone
but wasn’t expressed in the inflorescence of semi-bolting garlic. The differences in the expression pattern of
AsSOC1, AsAP1 and AsAP2 in the inflorescence of the garlic clones could be the reason of the abnormal
inflorescence in semi-bolting garlic.

Conclusions
Finally, it seems that ASFLC is a flowering inhibitor and AsSOC1 and AsAP1 are flowering integrators in
bolting garlic. As AsFLC expression decreased after vernalization and AsSOC1 and AsAP2 were expressed
highly in the time of vegetative to reproductive transition in the meristem of all clones, and there was difference
in the bolting of clones, it is suggested that these genes may influence flower induction but their low relative
expression cause incomplete bolting in semi-bolting garlic and forbid bolting in non-bolting garlic.
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Table 1- Characteristics of primers used for real-time RT-PCR
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R-AATTCCAGCAAAAGAC
AsAP1 F-TCCATGGAGGCAACAAATTC
R-CGTAATCCAAATATCAGCATTGG
AsAP2 F-CTCTTCTCTGCCGCACTTTC
R-AATTCGGATTGGTCATCCAC
Actin F-ACTCCGTGTTGCTCCTGAAG

R-GCATACAGGGAAAGCACAGC
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Figure 1- Relative expression of AsFLCin the meristem of non-, semi- and bolting garlic clones at 4, 8, 12, 16 and 20 weeks
after planting
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Control: meristem of bolting clone 20 weeks after planting (c).
** and * indicate significant at the 0.01 and 0.05 of probability levels, respectively.
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Figure 2- Relative expression of AsSOC' in non-, semi- and bolting garlic clones
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Sample at 4, 8, 12,16 and 20 weeks after planting are from the meristem of three clones and 24 weeks after planting are from the
inflorescence of semi- and bolting clones.

Control: meristem of non-bolting clone 16 weeks after planting (c), ne indicates that gene didn’t express in the organ.

** and * indicate significant at the 0.01 and 0.05 of probability levels, respectively.
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Table 2- Relative expression of AsSOCI in the meristem of semi- and non- bolting garlic in comparison to bolting garlic
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ne: shows that gene wasn’t expressed, -: shows down expression in comparison to control, ™ and ™ indicate significant at the 0.01 and
0.05 of probability levels, respectively, and ": shows non-significant.

ORIl (w5 S e gy VRNL o g adly ialS' 5l
(Kennedy & Geuten, 2020) b .
w235 Spme oy byl Blo pedius joboay FLC 5
lod b olS agalye I L D90 LFY 5 SOCL o FT s
2 S e oy Gl moBa o) ool ol LRl L g ol

9 oRlBI LIVRNL slo ¢ o)l (b oS cunl odls (LS guls

el Bl G5)ke 51 B ol nl )3 10 el oo 2al8 LIVRNZ (L
o g 250 LIFLC ol (ildl & e LIVRNZ Ly
xSols LIFLC sl 1 LIVRNL o5 olo il bl
b VRN2 5 ODDSOC2 (55 by 55 ailiews) oM 3 o8 oo



VB (bl oF o5lod P4 alo (559l @ulius g pale) SLEL pole &y pis  YYF

Bl ) 1S S8 2lol i yo Cllab alj8l aons 3 1) (20 5
[(Hantari al., 2020

9 oo S0y S 3 (9900 el (lie pSl> Glagd 5
sy Jlais) ol B s 6,51l oy slod b sgalyn 31 (e
Jdods o2 jew pius yo 33 ASSOCT lo liee ial38] &S )l
o e il oss o 9 ASFLC (Sl 31 als
2 eSS Ollas sz pa A8l (ol U3 &8 5l e (9
oS ome ol p ol b p 5 e Ol S
ol Sl g > (@O o jige Sy ydlaiedy @3S
RPPIRTAPES
ASAPL (5 s 5 58U

e Cpyidi a5 0l Ui Gdng opl ) sdelcwssd gl
o o ) (03 Ol Ol 22eS) ASAPL (5 (sl (5o
o cnl g)cnlil 05 o0 ©ygo (S Sl ey atin V) 0l e
ASAPL byl o3l 0ulS pw pd b a5 e j0 sald lgied
O il 0l i yo 5 CublS s atan Cuis g 4les 0
e Gl GBSl ey i Yo Y (b o 0 o ol
e 3 (s Ole Olie Ot S8l dald 4 Cas
(1ald & Cums plp /R0) cuslS 5 s azan VY o 0llS
oS dos o (2l piunye 3 0F Cnl Ol oS A5 oanlde
win Wy oly Ol (nyider 9 392 oMl po i po b 4o
P ASAPL .88 &g (Wald 4 Caws ol AND) cslS 51 us
bl JalS5 31 JS 5 oS o (318 ) CadlS I i VY
s 3 e 3 OF cnl s Ol b Gl g oA e
Ol 3l el 4 Caws cadlS I gy aian V5 VY b g0 edS e
(¥ JS) €3 s o gne

o 5 oAl o o] wiusyo 0 ASAPL oy ¢3! duuylio
@i i 1y gyl gme Ggley cublS 5l o atam V& 5 VY o 0alS
Sl Y10 0MI8 ps wi o 3 31 ol <S5 ey dtin Yo 5 Ll
P ASAPL (s ()l iomed g2 05 dosd yw e o 5l Jidin
auwlio g oMlSAas pow IS plp VYD 0AlS yuw o3I S
laple; ded 53 wilSé 5 0alS s pienye 53 ASAPL s
3590 Slaglej (aled 53 2> LES 1) (61 dne gl ()32 3)90
s b dalie ) 0dlS wiunye )3 ASAPL s ol ()
ClS Sl g tin Yo 3 ol i i 5 8L SRl 0S8
(¥ Jsia) ais oaaliie (0415 puf yuawo 4 S ol A/+0)

Higdioe (sl 4 (g e ye hidd 4 e 5 Wbioe SI38)
sl & a9y 3B 5l it o JUi 8 S50 Slilllae bl
0,5 o Cgo CuilS Gl g A VU cue (b j
(Rotem et al., 2011) -, ¢ &35, .(Rotem et al., 2011)
S5 Gleieds QALFY by ¢ Sloj odgazee (pl j0 a5 s S jiyl58
oS Blicsn) Sl 5 b Rl @5 sl o)
ASFLC olo 55 pols gl 53 900 1l wivn o 33 50
e ) (GBS )y i lag) (Sloj e3g0xe (pl I i3
o 8l Il 4 ol sled L alge Sl g 39 o
o g San 3 ASSOCL s ol ASFLC Ly el )
ey g3 Sl 4 cwlS Gl o aes VY 4 cdl il
i yo JU! Sloj e3gd5e (o 3 ASSOCL oo ol (i)l
g ool slaadl b mlo (pl 85 Cpge iy B 4
sl oo p» e (Ghaemizadeh et al., 2018) . S
5 w9 IS 9 ASLFY 5 ASFT2 s a3 J5 oS e (sl
»oaLFY -l » e (Rotem et al., 2007; 2011) ;Ko
4 425 b ggome 0 )b Cillas s olS )3 Jloj e3g000 ()
2 ASSOCL ly dagi B Lal58l e 3 ASFLC by ialS
b ol Ol > ©old il 4 (ag) 51 I Jl als ye
Uiy, Colis 5 bog,Sen oy > ASSOCL 4 ASFLC
€ e a4 daogSea e > oadosnlis
ool S50 0 33 (PSS e 05 Sy lpioASSOCL
b gl 0255 JU Gkl g et sobds 35 o e
Ao Y 0o n <oy Gk jl peienyd psbos 9 LFY SOCL
REPRESSOR wile (yiSgy ol odlgls (slays » (S05L
(Pan et al., 2017) cusl iS5l 235 » OF GAL (RGAL)
w4 Fwl o 50 FT & canl ool olis sl adllas
Sl 098 o pelais 35 FT Lawss SOCL & boljl 58 o
2 ol (See 35 oy i Gk JIFT phy Sl
SOCL ,a/idl od jle 4y il 38,86 SOCT cuto qulais
et) wsl YU FT o caul oanlie LB Sloj oy low oo
el ol sbld (oyme o 35 15 5L, 15 (Bao al., 2020
Sgbce 38les Sl 5 (235 (s oper e LI
Sl oS 20 5 olSa s &8ly 45 (Lee et al., 2013)
Sy sl loym 35 L Gseym I8 51 (sl 4L )l b
Sl o GA3 pl gis Yor 5l odlitwl 30 @olls ;o abL ol



YY o Losbyioe b QT bl 1 g ASFLC (5 (yle (5951 oy 30 (G0 g 00l 038

50

45 T
« £
35 /
30 /

25

20 /

15

o —/

ASAPL cuwd oyl
Relative expression of AsAP1

C;wlf}lwm > 7% = - -

WAP 0 4 8 12 16 20 24
—e—Bolting ne ne 9/95 ** 6/88 ** 8/05 ** 43/33 **
Semi-bolting ne ne 8/15 ** 6/55 ** 3/23 ** 3/85%*
Non-bolting ne ne 2/73 * 2/99 * 1 ¢

25yl 5 bMS dod DS gyt 43 ASAPI (g oyl - Y JSUS
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Sample at 4, 8, 12,16 and 20 weeks after planting are the meristem of three clones and 24 weeks after planting are from the
inflorescence of semi- and bolting clones.

Control: meristem of non-bolting clone 16 weeks after planting (c), ne indicates that gene didn’t express in the organ.
**and * indicate significant at the 0.01 and 0.05 of probability levels, respectively.

Table 4- Relative expression of AsAP7 in the non- and semi- bolting garlic in comparison to bolting garlic
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-2 shows down expression in comparison to control, ™ and *: indicate significant at the 0.01 and 0.05 of probability levels,
respectively, and ": shows non- significant.
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Control: meristem of non-bolting clone 16 weeks after planting (c), ne indicates that gene didn’t express in the organ.
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*and " indigate significant at the 0.01 and 0.05 of probability levels, respectively.
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