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Mining of genes related to vernalization response in faba bean based
transcriptome sequencing

LU Hongchen, LIU Chenwei, WANG Fan, BIAN Xiaochun, XU Renchao, WU Chunfang
(Jiangsu Yanjiang Institute of Agricultural Sciences, Nantong 226012, China)

Abstract:  In order to reveal the molecular mechanism of vernalization in faba bean, Tongxian 2 was used as the ma-
terial, transcriptome sequencing was performed on the top of faba bean stem treated with different vernalization time (0 d,
1d, 10d, 30 d, which were abbreviated as CK, V1d, V10d and V30d respectively) , and the transcriptome data were
compared in pairs in this study. Differentially expressed genes were identified, functional enrichment and metabolic pathway
analysis were performed, and the expression characteristics of eight vernalization response genes were verified by PCR. The
results showed that 7 553 differentially expressed genes (DEGs) were identified in different comparison groups. DEGs were
mainly involved in biological functions such as stimulus response, metabolic process, biological regulation and binding. A
total of 34 differentially expressed genes related to vernalization response of faba bean were screened and identified in ver-
nalization treatments, involving vernalization pathway, photoperiod pathway, gibberellin pathway and other pathways. The
results of real-time fluorescence quantitative PCR were consistent with the results of transcriptome sequencing. The results of

this study provide important candidate genes for vernalization response and flowering regulation of faba bean, and also pro-

vide a basis for further exploration of the molecular
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Table 1 Primers for real-time fluorescent quantitative PCR
EIL/ER SIS (5'—3")

VfCOLS-F CGCGTTTCTATGCATCGATTGT
VfCOL5-R CGAGTGGATTTGCAGAGTGGATG
VfCDF3-F CCGAAAACGAACAAAGTGATGTAG
VfCDF3-R CCTGCACCAACTGGAACATTCC
V/VRNI-F GCACGAGAATGAAGCGTTAAATAGAG
V/VRNI-R CCAAATTCTACCATCCACGAGCT
VIFTI-F GCAATCAAGAATCCAAGGGCT
VIFTI-R CGGCATCAGAGGGAGGGTCTC
VISEP-F ATGGGTAGAGGAAAGGTAGAATTAAAGA
VISEP-R CTTGTGCCACTGCAGAATTCA
VAP3-F CACTCCTGGACTTTCTACAAAGAAG
VfAP3-R CACCTATTCTATGCCTGATCTGTC
VfS0C1-F ATGGTGAGAGGGAAGACGCA
Vf SOCI-R AAGAGCAACTTGAGCATCACAC
VISVP-F AGCTCTTTGAGTATGCTAGTTCAAG
VISVP-R CTCCATTCATTTGCCTCAGTTCAC
ELFIA-F GTGAAGCCCGGTATGCTTGT
ELFIA-R CTTGAGATCCTTGACTGCAACATT

22 ERRIEEARE
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7 553 R RN, FALBEET (CK) 5Hi
F1d(V1d) A 25 RBEFA3 6101, 5
CK MHEL, VId AbPE22 5 FIHFEH T 0734, 22 5% T
HEH2 5371, CK 5FALALHE 10 d(V10d) b4
)22 7 R IBF A3 3561, 5 CK # Lk, v1od 4k 3
Ze5 BMAER2 1634, 2257 FIMEER T 1934, CK
5L B 30 d(V30d) L 22 R IB LN
2 5884, 5 CK #HHL, V30d 4b3 25 7 | iH 3L 1 385
A, 225 PSR 2034, FILALEE 1 d 5/
10 d LA 22 R R IREE A3 5611, 5 Vid
ACFRAH L, V10d 2b 325 5 B FER2 9994, 2 5% T
PEFER 562 4, FHAALEE 10 d SHEMAAE 30 d 1Y
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ZRRIBEAFA 161 4, 5FMAIE 10 d M I,
V30d AbHiZE ST FIHFEA 19 4>, 25 T IRFER 142
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Table 2 Transcriptome sequencing results of different treatments

AL BRI TR AE R 2R 10 d, R A AL PR AS v 22 S 1 3 2
R 2 U1 ~ 10 d AOARIRAL 2] GE 35 52 i A
LRI FIROK- | 3 vl BE S AR A T Ak B )
SR R SCHELE]

" H 020 030 ore
B (bp) AACHUE(bp) MR 8 (%) Kt FH (%) Kl S H (%)

CK-1 8 693 398 200 8 202 676 812 8 457 312 665 97.28 8 107 268 462 93.26 3523 774 241 42.96
CK-2 5830 889 700 5509 229 893 5 666 007 157 97.17 5410 401 116 92.79 2 366 847 195 42.96
CK-3 6 127 996 500 5 770 555 541 5942 680 014 96.98 5 656 877 658 92.31 2 485 372 355 43.07
Vid-1 7 083 578 700 6 629 397 052 6 897 204 151 97.37 6 618 140 835 93.43 2 835 843 234 42.78
V1d-2 7 304 370 900 6 867 357 266 7 128 351 524 97.59 6 858 370 144 93.89 2 938 145 095 42.78
V1d-3 6072932 400 5733 120770 5 889 926 061 96.99 5 612 248 555 92.41 2 461 503 114 42.93
V10d-1 6 764 749 500 6 415 010 023 6 604 669 931 97.63 6 365 687 290 94.10 2 697 133 016 42.04
V10d-2 7 102 407 600 6 739 451 896 6 911 469 632 97.31 6 622 290 236 93.24 2 863 610 146 42.49
V10d-3 7 948 723 800 7 487 124 231 7 735 079 458 97.31 7 418 398 300 93.33 3 179 069 463 42.46
V30d-1 8 526 760 500 8 450 864 710 8 450 445 456 99.10 8299 034 156 97.33 3 537 104 068 41.85
V30d-2 5604 266 400 5229 713 289 5 464 037 473 97.50 5246 122 810 93.61 2 187 369 485 41.83
V30d-3 7 065 613 500 6 630 060 176 6 871 904 548 97.26 6 584 378 357 93.19 2 808 739 898 42.36

CK-1~CK-3 . HALAL FHRTREA ; VId-1~ V1d-3. FALALFE 1 d BEAS; V10d-1~ V10d-3: FAAL T 10 d BEAS; V30d-1~ V30d-3. FALAL B 30 d FEAS
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Fig.1 Principal component analysis of expression levels under

different treatments
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Fig.2 Differentially expressed genes (DEGs) in the transcriptome of faba bean treated with different vernalization durations
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Table 3 GO ( Gene ontology) functional enrichment of differentially expressed genes
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Fig.3 KEGG pathways analysis of top 20 enriched differentially expressed genes after vernalization treatment for ten days
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Table 4 Different genes related to flowering pathway

R e TR R IFE N ID BEEE AR TR GO%H /T
Viaba.Tiffany.R1.1g262560  AT5G62430  VfCDFI CYCLING DOF FACTOR 1 G0:0003677 L3
Vfaba. Tiffany.R1.Ung006640 AT5G62430  VfCDFI CYCLING DOF FACTOR 1 G0:0003677 LA
Vfaba. Tiffany.R1.5¢077440  AT5G39660  VfCDF2 CYCLING DOF FACTOR 2 G0:0003677 LA
Viaba. Tiffany.R1.2g023760  AT3G47500  VfCDF3 CYCLING DOF FACTOR 3 G0:0003677  Lif
Vfaba. Tiffany.R1.4¢017920  AT3G47500  VfCDF3 CYCLING DOF FACTOR 3 G0:0003677  Fi#
Vfaba. Tiffany.R1.6¢063920  AT3G47500  VfCDF3 CYCLING DOF FACTOR 3 G0:0003677 L
Vfaba. Tiffany.R1.1g025160  AT5G15850  VfCOLI CONSTANS-LIKE 1 G0:0005515  Fifl
Vfaba.Tiffany.R1.1g038040  AT3G21880  V/COLI2 CONSTANS-LIKE 12 G0:0003674 L3
Vfaba. Tiffany.R1.1g011440  AT3G02380  VfCOL2 CONSTANS-LIKE 2 G0:0003674 I3
Vfaba.Tiffany.R1.2144680  AT5G24930  VfCOL4 CONSTANS-LIKE 4 G0:0005515  Fifl
Vfaba. Tiffany.R1.4g169200  AT5G57660  V/COLS CONSTANS-LIKE 5 600004252 L3
Vfaba. Tiffany.R1.1g174960  AT3G07650  VfCOL9 CONSTANS-LIKE 9 G0:0005515 T
Vfaba. Tiffany.R1.26084600  AT3G07650  VfCOL9 CONSTANS-LIKE 9 G0:0005515 |
Vfaba. Tiffany.R1.4g124000  AT2G03220  VfFTI FUCOSYLTRANSFERASE 1 G0:0008107 b3
Vfaba.Tiffany.R1.1g072720  AT4G25420  VfGA200X!  GIBBERELLIN 20 OXIDASE 1 G0:0016491 R
Vfaba. Tiffany.R1.26046320  AT4G21200  VfGA20X8  GIBBERELLIN 2-OXIDASE 8 G0:0003674 T
Viaba. Tiffany.R1.55093200  AT3G63010  VfGIDIB GA INSENSITIVE DWARF1B G0:0016787  Fifl
Vfaba.Tiffany.R1.1g234040  AT4G38130  VfHDAI9 HISTONE DEACETYLASE 19 G0:0003674 LA
Vfaba. Tiffany.R1.3g176120  AT5G26040  VfHDA2 HISTONE DEACETYLASE 2 G0:0003674 L
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