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Research Progress of Genes Related to the Regulation of
Bolting and Flowering in Brassica oleracea Vegetables

ZHONG Shijun, YAN Wenchen, LIU Xiaoyun, REN Xuesong, SI Jun, SONG Hongyuan, LI Qinfei
(College of Horticulture and Landscape Architecture, Southwest University/Key Laboratory of Agricultural Biosafety and

Green Production of Upper Yangize River, Ministry of Education, Chongqing 400715)

Abstract: Brassica oleracea vegetables, a group of leafy crops encompassing cabbage, cauliflower,
broccoli, kohlrabi, brussels sprout, and kale, face persistent challenges in production and breeding, including
premature bolting and asynchronous flowering between two parents. Improving bolting resistance by molecular
design breeding strategies holds significant promise. However, the genetic complexity underlying flowering
regulation in B. oleracea is compounded by the diverse flowering mechanisms across subspecies and fragmented
knowledge of associated regulatory genes. This review concludes optimal environmental conditions for flowering
of B. oleracea vegetables and summarizes genes and variants for flowering pathways which are mainly involved
in gibberellin pathway, vernalization, and photoperiodic responses on the basis of five main flower regulation
pathways in higher plants. The prospect of the follow-up research on the regulation of bolting and flowering of
cabbage vegetables is also suggested. A conceptual gene interaction network that integrates key regulators of
bolting and flowering of B. oleracea vegetables is proposed, providing a valuable reference for improving bolting
resistance of B. oleracea vegetables.
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Table 1 Genes involved in vernalization in B. oleracea vegetables
=4 ks 3
" ; . SRR B0 (%) .
I 4475 BRAD 7 5 e fRAir B (bp) o SH
. . Identity with Arabidopsis
Gene name Number in BRAD database Chr. location ) Reference
thaliana gene
BoFLCI Bo0lC09g062620.2) 63395901~63399910 85.427 [35]
BoFLC2 BolC02g004040.2) 2542284~2545548 82.741 [36]
BoFLC3 BolC03g004550.2) 2244866~2248179 83.417 [35]
BoVIN3-1 BolC03g013830.2) 7260993~7263556 68.960 [49]
BoVIN3-2 BolC02g015310.2) 10887788~10892097 58.013 [49]
BoFRIa BolC03g017480.2J 9633856~9636028 57.241 [50]
BoFRIb Bo0lC09g037260.2) 40382470~40384598 59.011 [50]

22 KREZRER
H i O NS FIE Y h % A RF R R,

fRNH 85 3R A5 1900 GA, .GA,.GA, 71 GA,, %9
Filr, Horh GA T W5 A6 25 & I 52 M AR K
W Fe g5 R Rk, H 3 12 4> Gibberellin 20
oxidase (BoGA20ox) . 4 1~ Gibberellin 3-beta-
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A~ BoGA2ox JE AR B B0 43 17 41, S AMTAR S, o

®2 HEXBEXPGCARFSHSHEXIER

Table 2 GA pathway genes in Brassica oleracea vegetables

% T 7R R R LR A Rk R T RE i FEAF Y. GA
INSENSITIVE DWARFI (GID1D) REME 254 GAs i
S DELLA & 9 iz RALFf, s, 5
PRI, 28 e i A7 7E 541> GIDI BEH
4358 BoGID1a .BoGID1b-1/2/3 X BoGID1c¢™ . W
16+ DELLA 76 @ b L2 72 54, 40 ol hy
BoRGA1.BoRGA2 .BoRGL1.BoRGL2 #1 BoRGL3,
{HAFETE GA INSENSITIVE(GAID) ™(%£2) .

AT AL P — B (%)

SEH AR BRAD ¥l 575 Pt kL% (bp) dentity with S5 3k
Gene name Number in BRAD database Chr. location A, thaliana gene Reference
BoGIDIa BolC05g060470.2) 55275185~55276562 84.770 [53]
BoGIDI1b-1 BolC08g045880.2J 43466928~43468248 91.389 [53]
BoGID1b-2 BolC04g030280.2) 31287613~31288803 89.118 [53]
BoGID1b-3 BolC06g027340.2) 29529812~29531056 87.778 [53]
BoGIDIc BolC07g039220.2) 42725133~42726810 92.754 [53]
BoRGAI BolC07g031500.2) 36431939~36433669 82.412 [54]
BoRGA2 BolC09g027430.2) 24522236~24523945 81.636 [54]
BoRGLI Bo01C02g022360.2) 18385313~18386836 84.496 [54]
BoRGL2 BolC05g063590.2) 57356636~57358267 82.364 [54]
BoRGL3 BolC09g055750.2) 59207584~59209161 82.243 [54]
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Table 3 Photoperiod pathway genes in Brassica oleracea vegetables

AN T AR P — B (%)

SEH AR BRAD B 12175 et fAfiE (bp) dentity with BN
Gene name Number in BRAD database Chr. location A, thaliana gene Reference
BoPRRI BolC07g043430.2) 45523619~45525750 70.108 [57]
BoPRR2 BolC09g007640.2] 5022510~5024832 71.865 [57]
BoPRR3 BolC09g049260.2) 53732329~53734477 71.705 [57]
BoPRR4 BolC09g006740.2) 4416343~4418837 70.789 [57]
BoPRR5 BolC07g041680.2J 44330275~44332645 75.309 [57]
BoPRR6 BolC02g059060.2] 62363399~62365472 71.067 [57]
BoPRR7 BolC02g000830.2) 657915~660633 80.082 [57]
BoPRRS BolC09g068830.2) 66790565~66793543 81.165 [57]
BoPRRY BolC04g001840.2) 1431380~1432882 68.615 [57]
BoPRRI10 BolC04g068220.2) 65033411~65035606 73.967 [57]
BoCCAl BolC04g001800.2J 1415998~1421969 65.846 [58]
BoGI BolC05g021100.2] 13896504~13901184 91.709 [60]
BoCDFI-1 BolC02g061010.2] 64012310~64013817 76.159 [62]
BoCDFI-2 BolC03g058640.2J 42769905~42771304 70.627 [62]
BoCO BolC09g057360.2] 60256399~60257685 70.341 [63]
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Table 4 Flowering regulatory genes in Brassica oleracea vegetables that have not yet been assigned pathways

SRR —BU% (%)

SEN AR BRAD ¥l 75 Betr s 1 (bp) dentity with ESPUN
Gene name Number in BRAD database Chr. location A, thaliana gene Reference
BolPrx.2 BolC03g002350.2) 1166288~1167985 74.769 [64]
BoSEP2-1 BolC01g057100.2) 51965015~51966909 92.885 [65]
BoSEP2-2 BolC05g062690.2] 56731949~56734008 92.829 [65]
BoGRF6 BolC02g004210.2) 2639811~2643131 88.077 [66]
BoAGLI1S8 BolC04g034740.2) 35717984~35719596 75.385 [67]
BoAGL19 BolC03g078380.2) 66859691~66868426 82.432 [68]
BoAGL24 BolC01g018940.2J 13074521~13077176 86.486 [68]
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The red line represents the research involved in cabbage; The blue box indicates the vernalization pathway genes; The yellow box indicates the

photoperiod pathway genes; The red box indicates the gibberellin pathway genes
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Fig. 1 Bolting and flowering time regulatory genes network in B. oleracea
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