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Abstract
Objective

Most of the garlic clones are non-bolting and sterile and propagate asexually; however, some of
the clones are bolting, and there are some fertile clones among the bolting ones. A correct
understanding of the MADS-BOX genes family expression pattern and structure, including
AGLS, is a valuable project and will improve garlic breeding programs. So far there are no reports
relating AGL6 identification as a flowering and fertility integrator gene in garlic. So the aim of
this study is to investigate the relative expression of AGL6 in Iranian bolting, semi- and non-
bolting garlic clones and to identify its structure and nucleotide sequence.

Materials and methods

At first, the relative expression of the AGL6 was investigated in the different organs of non-
bolting, semi-bolting and bolting Iranian garlic clones using quantitative Real time- PCR. Then
the isolation and cloning of the AGL6 partial sequences from the garlic floret was carried out
using RT-PCR. The sequence of the recombinant plasmid was evaluated using BLAST, Vector
NTI, ORF finder and MEGAG software.
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Results

According to the obtained results, AGL6 was expressed in the meristem, inflorescence, tepal and
carpel of green and purple flowers of the bolting garlic. But there was no sign of its expression in
the stamen. AGL6 expression level in the meristem of bolting garlic was higher than the meristem
of the semi-bolting and non-bolting garlic in all sampling stages, especially in the flowering
induction stage. AGL6 was also expressed in the inflorescence of the semi-bolting and bolting
garlic, but its expression in the inflorescence of the semi- bolting garlic was 4 times less than the
inflorescence of the bolting garlic. Sequence analysis of the colonized fragment showed the
coding region with a 728 bp length, which was registered in the NCBI database with the accession
number of OK086759.1. This nucleotide sequence encodes a protein with 243 amino acids and
has MADS-box and K-box domains. Results showed the high similarity of the sequence obtained
in this research with other AGL6 gene homologues in other plant species, especially petaloid
monocots such as onion, lily, narcissus and saffron in NCBI. Hence, the resulting sequence was
named ASAGLS.

Conclusions

In this research, for the first time, the expression pattern of a key gene of the flowering and fertility
pathway (AsAGL6) and its nucleotide structure were determined in garlic. The results of this
research can be effectively used in the design of classical and molecular garlic breeding programs.
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Figure 1. Relative expression of ASAGL6 in different organs of bolting, semi-bolting and
none-bolting garlic clones. Control (Vegetative phase), 8 to 20 weeks after planting samples
are reproductive meristem, 24 weeks after planting samples are inflorescence and 28-32
weeks after planting are green and purple flowers.(- shows that organ was not form to
evaluate, ne: shows that gene wasn’t expressed in the organ, ** and * show that results are

significant at the 0.01 and 0.05 levels respectively)
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Figure 2. Figure 1. Relative expression of ASAGL6 in tepal, stamen and carpel of bolting
garlic. ** and * show that results are significant at the 0.01 and 0.05 levels respectively.

Control, meristem of bolting garlic 4 weeks after planting)
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Figure 3. Electrophoresis of recombinant plasmid PCR product on 1% agarose gel. Lanes

1-5 present amplification of the 728 bp fragment corresponding to ASAGL6 gene and lane

6 presents negative control of non-recombinant plasmid vector; M, weight marker 1kb

(Fermentas)

Description Scientific Name g:j:'r v:ue Accession
Allium sativum AGL6-like MADS-box protein (AGLE) mRMA,_complete cds Allium sativum 100% 00 OK086759.1
Allium cepa AGLB-like MADS-box protein (AGLE) mRNA_complete cds Allium cepa 99% 00 KF170021.1
Asparagus officinalis MADS box protein (AOM3) mRNA, complete cds Asparagus offici...  99%  1e-168 AY383559.1
Narcissus tazetta var. chinensis MADS box protein mRNA, complete cds Narcissus tazett... 99%  4e-161 EUQS19001
Agapanthus praecox ApMADS3 mRNA for MADS-box transcription factor SEP1. complete cds Agapanthus pra... 99%  1e-160 AB079261.1
Hippeastrum hybrid cultivar Jewel AGLE-like protein 1 (AGLE.1) mRNA,_complete cds Hippeastrum hy... 99%  2e-159 QK042267 1
Narcissus tazetta var. chinensis MADS-box protein mRNA, complete cds Narcissus tazett... 99%  Ge-159 EF517294.1
Hyacinthus orientalis MADS-box protein (AGLE) mRMNA,_complete cds Hyacinthus orie...  99%  2e-152 AYF91333 1
Bambusa oldhamii MADS-box protein mRNA,_complete cds Bambusa oldhamii 99%  2e-1561 EF517293.1
Phyllostachys edulis MADS-box protein mRNA, complete cds Phyllostachys e .. 99%  3e-150 EU3277841
Crocus sativus MADS-box transcription factor AGLEb (AGLEb) mRNA,_complete eds Crocus sativus 99%  2e-145 EFD41506.1
Crocus sativus MADS-box transcription factor AGL6a (AGLEa) mRNA,_complete eds Crocus sativus 99%  8e-145 EFD41505.1

P3990 $Sy S JIg e LASAGLE (5 gy Jlgi (udyen I Jols s £ JSUS

NCBI o554

Figure 4. The results of ASAGL6 gene nucleotide sequence aligning with other nucleotide

sequences available in the NCBI database
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ASAGLG JIg  S59kd i) 3l Jols zuls bl (A JS5) 3,15 3959 K-DOX 1093 s 9 MADS-DOX 1yeg ]
ol g calis e YL sy 1,5 Amaryllidaceae oslgls ;5 g 039 poudl uix 4 Blxio ¢ y2 45 5Ly b pow 5
PAGLE flusr o5 ouign S5 L 1) ASAGLE (255 (JIgr Vb bt (sl <850 (3 JS3) o ol |y (S5
azsls 1,3 o s Allium sativum: oS ag,5 )3 48,5 51,8 olalS sled Cphiomen by (LS 55 cadglly claglad 5 plo

,» Magnoliales 4 slee alS slaaiss 3 AGLE luod )5 (g b a3 1559 ASparagales awly 4 lee

(3 JSK8) wd S )5 cogliis 095 9
Description Scientific Name ggig vaIEue Accession
AGLE-like MADS-box protein [Alllum sativum) Allium safivum 99% 4e-179 UVH334771
AGLE-like MADS-box protein [Allium cepa] Allium cepa 99% B8e-169 AGV31154.1
AGLE-like protein 1 [Hippeastrum hybrid cultivar] Hippeastrum hybrid cultivar 99% 2e-148 UYD62371.1
MADS box protein [Asparagus officinalis] Asparagus officinalis 9% 1e-146 AAQB38351
MADS-box transcription factor AGLEa [Crocus sativus] Crocus sativus 9%  3e-144 ABK3S281.1
MADS box protein [Narcissus tazetta subsp. chinensis] Narcissus tazetta subsp. chinensis 99% de-144 ABX470151
MADS-box protein [Narcissus tazetta subsp. chinensis] Narcissus tazetta subsp. chinensis 99% de-144 ABSG27441
MADS-box protein [Hyacinthus orientalis] Hyacinthus orientalis 99% 6e-143 AATBE0861
MADS-box protein [Bambusa oldhamii Bambusa oldhamii 9% Te-143 ABS827431
MADS-box transcription factor [Ananas comosus) Ananas comosus 9%  Je-142 AGGEE164.1
MADS-box transcription factor AGLED [Crocus safivus Crocus sativus 99% 1e-141 ABK352821
MADS-box transcription factor 6-ike [Ananas comosus] Ananas comosus 99% 1e-141 XP_020084133.1
MADS-box transcription factor & [Phoenix dactylifera] Phoenix dactylifera 99% 2e-141 XP_008797646.1

SB Il wlw LASAGLE (5 (5l ool piST axhad gldisolium! udy o 5 Jols ol .0 UKW

NCBI oli.g‘b D090 (w9

Figure 5. The results of ASAGL6 amino acid with other protein sequences available in the
NCBI database
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Figure 6. Schematic structure of conserved domains in ASAGL6 protein

1 ATG GGA AGG GGA AGA GTT GAA CTG AAA AGA ATT GAG AAC AAG ATT AAC AGA CAA GTTACT TTC TCG AAA AGA AGA AACGGT TTG TTA AAG AAA
Met Gly Arg Gly Arg Val Glu Leu Lys Arg Dle Glu Asn Lys Ie Asn Arg Gl Val Thr Phe Ser Lys Arg Arg Aso Gly Leu Len Lys Lys
M G KR G R V E L K R L E N K I N KR Q vV T F § K R R N G L L K K

94  GCT TAT GAA CTC TCT GIT CTT TGT GAT GCT GAA GTT GCA CTT ATC ATT TTT TCC AGT AGA GGC AAG CTC TAC GAT TTT GGA AGT GTT GGC ACA AGC
Ala Tyr Gho Len Ser Val Leu Cys Asp Ala Glu Val Ala Leu Ile Ile Phe Ser Ser Arg Gly Lys Len Tyr Asp Phe Gly Ser Val Gly Thr Ser
A'Y E L s§ vV L ¢ D A E V A LI I F 8 S R G KLY D F G 5 V G T 8§

190 AAA ACA CTC GAG CGA TAC CAG AGA TGT TGT TAC ACT TCT CAA GAC GCT ACA ATT GCA GAT CGT GAA ACA CAG AGC TGG TAC CAA GAG GTA TCAAAA

Lys Thr Leu Glu- Arg Tyr Glo Arg Cys Cys Tyr Thr Ser Gln Asp Ala Thr Do Aln Asp Arg Gl Thr Glo Ser Trp Tyt Gln Glu Val Ser Lys
K T L E R Y ¢ R CC Y T S5 Q D A TTIT A D ERE _E T Q S W ¥ © E W 5§ K

286 CTG AAG GCA AAA TTTGAG TCC CTA CAG CGT TCT CAA AGA CAT TIG CTC GGC GAA GAC CTG GGA CCG TTG AGT GIT AAA GAA TTG CAA CAG TIG GAA
Ten Lys Ala Lys Phe Ghi Ser Leu Gln Arg Ser Gln Arg His Leu Leu Gly Glu Asp Leu Gly Prc leu Ser Val Lys Glu Ien Gln Gn Len Gh
L XK A K F E S I ¢ R S ¢ R H L 1L G E D 1 & P L S ¥ K E L Q @ L E

382 CGTCAA CTTGAA GCT TCC TTA TCA CAG GCT CGG CAA AGA AAG ACT CAA ATA ATG ATG GAC CAA ATG GAA GAA CTT CGT AAG AAG GAG CGC CAT CTT
Arg Gln Leu Glu Ala Ser Lew Ser Gln Ala Arg Gl Arg Lys Thr Gin Ile Met Met Asp Gln Met Gln Gl Lew Arg 1ys Lys Glu Arg His Leu
R Q L EA S LS ©Q AR QR KT o I MM DO METE ILRZEK KEZR H L

478 GGG GAA ATC AAT AAG CAG CTG AAA ACG AAG CTA GAG CAT GAA GGT GCA ACATTC. AGA GCA ATT CAA AGT CCA TGG GAG TCT AAC GTG CAA ATC GAT
Gly Glu Tle Asn Lys Gln Leu Lys Thr Lys Lew Glu His Gln Gly Ala Thr Phe Arg Ala Ile Glo Ser FPro’ Tm-Glu Ser Asn Val Gn Ile Asp
G E I N K 9 L K T K L E H E G A T F R A I Q S P WE 35 N v Q I D

574 GGA AAT-TAC GCT ATG AAT CAT TCT CAG TCT AAT GCA ATG GAT TGT GAG CCA ACT TTG GAA ATT GGA AAC AGG TAC CAG TTCTCT CAG CCT GAATCC TCA
Gly Asn Tyr Ala Met Asn His Ser Gln Ser Asn Alx Met Asp Cys, Glu Pro Thr Teu Gl Tl Gly As Arg Trp Glo Phe Ser Gln Pro Glu Ser Ser
G N Y AMN HS @ $ N AMDSOCET®PTULETIGDNURYQFSsSQ P E 5 5

676 ATG CCA AGA AAC AAT GGT GGA GGG AAC AAT TTC ATG CTG GGT TGG GCTCTT TAAA 728
Met Pro Arg Asn Asn Gly Gly Gly Asn Asn Phe Met Len Gly Trp Ala Len ***
M P R N NG G G N N F M LG W 4L

SV U Y uadgilfss ASAGLE 5 g ldlw e 9 souwlguelc canigliyl Jlgi .V IS0
Wl oo K-DOX (progd 0055 05 044 U YEY slaunigilS'ss g MADS-DOX (ya09d 84S

Figure 7. Nucleotide sequence, amino acid and structural motifs of ASAGL6 gene.
Nucleotides 7 to 197 encode the MADS-box domain and nucleotides 243 to 509 encode the
K-box domain
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1 AGV31154.1| MGRGRVELERIENKINRQVTFSKRRNGLLKKAYELSV FSSRGKLYDFGS| 60
2 AAQB838351 | MGRGRVELKRIENKINRQVTFSKRRNGLLKEAYELSV| FSSRGRLYEFG &0
3 ABK35281.1 | MGRGRVELKRIENKINRQVTFSKRRNGLLKKAYELSV] FSSROKLYEFG 60
4 ABX47015.1 | MGRGRVELKRIENKINRQVTFSKRRNGLLKKAYELSY] FSSRERLYEFG 60
5 AAT8B0881 | yeRGRVELKRIENKINRQVTFSKRRNGLLKKAYELSY] FSSRGKLYEFGS 60
6 ABS82743.1 | MGRGRVELKRIENKINRQVTFSKRRNGLLKKAYELSY| FSSRGRLYEFGS &0
AsAGLé RYQRCCYTSQOATIADR UEVSKLEAKFESLQRSQRELLGEDLGPLV 362
1 AGV31154.1 RYQRCCYTSQDATIADRETRSWYQEVSKLKAKFESLOQRSQRHLLGEDLGPLSV 120
2 AAQS38351 RYQRCCYTSQEAAIASHTSW QEVSKLKAKFESLQRSQRHLLGEDLGPLSV 120
3 ABK35281.1 RYQRCCYTSQESTIADTSW QEVSKLKAKFESLQRSQRHLLGEDLGPLSV 120
4 ABX47015.1 RYQRCCYTSQUARTADRETONWEHEVSKLKAKFESLQRSQRALLGEDLGPLST 15
5 AAT88088.1 RYQRCCYTSQUASIADR| QEVSKLEAKFESLQRSQRHLLGEDLGPLSV 120
6 ABS82743.1 RYQRCCYSSQULGTVADREMOSHY OEVSKLKARFESLQRSQRHLLGEDLGPLST 120
AsdGL6 [RELQQLERRLERSLSQARORET - [0 IMMDOMEELRKKERHLGE INK{ 542
1 AGVY31154.1 |KELQQLERQLERSLSQARQRET -(QIMLDQMEELRKKERHLGE INK{ 180
2 AAQB38351 | KELQQLERQLESALSQARORKT-|QIMLDQMEELRKKERHLGE INK 180
3 ABK35281.1 |KELQQLERQLESALSQARQRE JQIMLDQMEELRKKERHLGEINK 180
4 ABX470151 | KELQQLERQLEASLSQARQRK[I-|QIMLDQMEELRRKERHLGEINK 180
5 AATS308%.1 | RELQQLERQMESALSQAROREDTQIMLDQMEELRKKERHLGEINKH 180
6 ABS827431 | FELQQLEJQLESILSQARQRKT. [QIMLDQMEELRKKERRLGEINEQ 180
AsAGL6 |QBPWEBNVQIDGNL YAMNHSDSHN BGNNFMLGWAL | 725
1 AGV31154.1 | gREWEFNVQVDGN| YAMN N GENNFMLGWATL | 241
2 AAQB38351 |oRSWEBEAGVGGNAFSMHPSRSH GENNFMLGWVI, | 241
3 ABK39281.1 | oisSwESDGVVGSNRAFPIHPS0SS GENNFMLGWVL | 241
4 ABX470151 | ESDRAAVVGNLY SMHPGDSS GENNFMLGWVL | 241
5 AAT88088.1 |QBESWESTAATQGNAFSVHPSQSH GENNFMLGWVL | 242
6 ABS82743.1 |QISSWEAEAAV -GNSYQTHLERSIAMDCEPTLQIEY -BQFVQPEAGL PANTGGENNFMLGWVL | 240

39290 S5 &1 b ASAGLE ()3 42 gy yo 00l il o5 s diselitmms] JIg5 gz o A JSUS
Asparagus Allium cepa ,» AGLE (wiigm Slp owywd &5 Cuwiy @ 1 UY) Genbank ,»
il oo Bambusa oldhamii Hyacintus orientalis Narcissus tazella Crocus sativus «fficinalis

(Wloads sasuio 15 b csline 5Wdisolapul)

Figure 8. Alignment of the amino acid sequence of the sequenced part of ASAGL6 gene with
some proteins in Genbank (1 to 6 are accession numbers for AGL6 protein in Allium cepa,
Asparagus officinalis, Crocus sativus, Narcissus tazella, Hyacintus orientalis, Bambusa

oldhamii respectively (similar amino acids are marked with a box)

Bl 399 b 4 (6)l386b oyl clde il 0 MIKE-type glgl 1 g MADS-BOX 55 oslgils 5l 5 S5 AGL6

«lo,yg518 MADS-DOX yegd .(Dreni & Zhang 2016) sl . K-DOX g MADS-DOX b (closg s clolas
S0 ol (sgad Jole 13 5 00,8 Jld 1y ol s oy (slo3 5 slofg (g Jlasl L oS 48 o0 05T, ()l a5
Marchler —) cul g4 o uBgn youdse JSis ;> SRF Sl slaygSh b 295 &ygo 4 K-DOX (yiegs wcunl

cblis &g 4 K-DOX g MADS (cla ragd ¢ iS5 ashad Job 4 4565 b yils yimg3 4> (Baure et al. 2016
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Figure 9. Phylogeny tree of different plant species based on the degree of similarity in the
homologous protein sequence of ASAGL6. A: Plants belonging to Arecales, Liliales,
Zingiberiales and Poales orders, B: Plants belonging to Asparagales order and C: Plants

belonging to Magnoliales
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