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Abstract: Flowering is an important symbol of the transformation of plants from vegetative growth to reproductive growth.

The flowering suppressor gene FLC is a key regulator of plant
Y575 B #8: 2023-09-26

BT HEK A AR LTH (32072563,32102369) ; ILHE H
GRBISEIEA TR H ( BK20211366) ; 1T 35 5 K P 48 2 e i development of carrot flowers, the coding sequence (CDS) of

vernalization. In order to explore the role of FLC gene in the

i § (PAPD) DcFLC gene was cloned from Kurodagosun carrot, and the
TEZ B XA (2000-) , Lo, e db A R os A, BN relative expression of DcFLC gene in different tissues and
BB TR IIFE . (E-mail) 2022104058 @ stu. njau. edu. flowers with different developmental states of Kurodagosun

cn

EIfES . AEZ/L, (E-mail) xiongaisheng@ njau.edu.cn

carrot at full-bloom stage was analyzed by real-time fluores-

cence quantitative PCR (RT-qPCR) in this study. The re-
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sults showed that the open reading frame (ORF) of DcFLC gene was 660 bp in length, encoding 219 amino acids. The relative

molecular weight of DeFLC was 2.454x10*, and the theoretical isoelectric point was 9.15. It was a hydrophilic protein. Based on

the amino acid sequence of the protein encoded by FLC, the genetic distance between carrot and Arabidopsis thaliana, Chinese

cabbage, rapeseed, radish, mango, birch, cocoa, longan, grape and walnut was far. The expression of DcFLC gene in carrot

fleshy roots, leaves and petioles was higher than that in stems and flowers at full-bloom stage. With the development of flowers,

the relative expression of flowering suppressor gene DcFLC in flowers showed a trend of increasing first, then decreasing and then

increasing. The results of this study provide a basis for the utilization of carrot FLC gene and the breeding of bolting-resistant car-

rot varieties.
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I Sl B LRI S

1 ARSIk
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DISRI FSTEASES i Fhoige et 2021 4F 9 H
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NFFFE)G 20 d SEsfaet: B335 9 AR5 Mk
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FE,HER 3 %k, Hod AP I IT R EE ANl 1 s,
HURE A BV RGEUAR  TORAF T7-80 CUkA
1.2 DcFLC EREEE

B N RNA BEEURI cDNA (14 h % 18 22 4
Z WY RNA #2807 & (RNA simple total RNA
Kit, [V A YRR A RS w77 ) TR sk
7% (Prime Script RT reagent Kit, Fg 5 i MEHE A= 4
FHEB A AT BR S W 7 ) A E U AT . AR #UL P
IF AtFLC BRSSP 51 AE A 8 N 1 i G R A
FIAE N DeFLC FER BT 5, WIEHE N De-
FLC F:HAGEFEF5) , ffi ] Primer premier 5.0 #{41%
KGR 1), 519 d B & s AR R A
FRAFIE %, 18] Prime STAR Max Premix i 7l &
[EAEY TR (RE) A RA T IR &
UL, R 30 pwL (KR4 T PCR §73, ¥ 3=
YIFH 1. 2% 35 g E-E e Fl Dk A 00 5 [ i, Tl e = 4
TR AR LB B A BR A R AT Y
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Fig.1 Morphological characteristics of carrot inflorescences at

different opening degrees
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SR 2 R LA A 2 B R L], f ] NCBI
AR PRAT 25 F SR 5 ( CDD) X DeFLC £ F B PR SF
45 ¥ 3 #0051 I DNAman6. 0 58 /& A [6] 4 7 FLC
*1 ATEEEEMZMELESR PCRKSIY

EHEEFERR P H A LEXE; FI T Expasy 7548 /3 ( hi-
tps://web.expasy.org/ protscale/ ) Xf DeFLC & H #17
SEE K IHT ;B MAGE 7.0 58 AN R 2 S ik
AR 4 #1207 fdi ] SOPMA 7E 28 9 3 ( https://
npsa-prabi. ibep. fr/cgi-bin/npsa _automat. pl? page =/
NPSA/npsa_sopma.html ) F1 SWISS MODEL ¥ ¥} ( ht-
tps ://swissmodel.expasy. org/ ) 73 HT DeFLC & FH ) —.
PeEN T = 454 i F] STRING 3 (hitps://cn.
string-db.org/ ) 1 T#A %S N DeFLC 2 A BAERI"

1.4 #% b DcFLC ERBRIEREX S

VITH ¥ N DcActin % Hl ( GenBank No. XM _

017371101.1) fE R NS I ) R H BioRad CFX96
Real-time System F1 BioRad CFX Manager #f17# %
NREAR 1 S 2 652 1 PCR 4007, i FH B 149 )% 81 dn
1, LHPOEE B PCR SUAR K 20.0 pL, A4
ddH,0 7.2 L. SYBR Premix Ex Tag 10.0 L. 1F [f]
SIPIR B4 0.4 pL K 2.0 pL B 15 55
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Table 1 Primers used for gene cloning and real-time fluorescence quantitative PCR analysis

51 FR Hiy 51#1(5'—3")

DcFLC-F FEH TEpE TTTACAATTACCATGGGATCCATGGGGAGAAAGAAGCTAGAAAT
DcFLC-R ACCGATGATACGAACGAGCTCCTAACCAAGCAACATAAGTGTCTC
DcFLC-RT-F Fk BT TCCTCATTCCTCACCTCAGTCA

DcFLC-RT-R GCACAAGATCAGCCACAGAGA

DeActin-F Fik o CGGTATTGTGTTGGACTCTGGTGAT

DeActin-R CAGCAAGGTCAAGACGGAGTATGG

2 ZER55HT

2.1 #H¥ N DcFLC BEEMZESFEIHH

TERES R AR N DeFLC 3 R T B IS B
B LUK JE A A5 3 R — B S 0 H Y SR (K
2) . WHE N DeFLC 5& R 4 8 8 1 A0 5 ) 132 HE
(ORF) K B h 660 bp, g i 219 /> 2 5 W (Kl
3), Dc¢FLC % H 1 %% MADS-MEF2-like 1 K-box
WIS 25 Rk, B T 3L AL () MADS-box F % H (El
4), THE N DeFLC P12 LR T 51 19 2% i 7K 1
W 5 fis, DeFLC 1Y R 3K 43 & 55 1R b 3 7K 1k
QA

M DcFLC

2000 bp

750 bp

M2 000 bp DNA marker;DcFLC:ﬁF% DcFLC FERS3H PCR 7=,
B2 #E N DcFLC EREMTERE
Fig.2 Clone of the carrot DcFLC gene
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ATGGCGAGAAACAAGCTACAAATCAAGOGAATCCAAGATAAGTCCAATCGACAACTCACT
¥Gé¢REELETIIE EKERTIETDET TCDHNT RGQQYVT
TTCTCCAAGCGAAGAACAGCACTGCTCAAGARAGCT AL ACAGCTCTCTATTCTCTGOGAC
F SKEKRERTZ GLTULEZ KU HSZEOQLZSTITLTGCTD
GOCCGAGTCGGTGTTATTATTOGCTCCAACOGCGGCAAGCTCTACGAAT TCTCCCACGCC
A RV GV IIZRSENERGETLTYETFSEHA
COCAGGTGCAGTACTTTGCATCCAATTCTTCAA AL ATATCATCATG TCACTAGTCATGAT
FPRCS ELDATILQ@ETYTHTDVVTSTDD
GCAAMAGALGCAACCGCACTCTATCAACCTAACAATTCALAATATTCACGACGALATCAG
4 EEATGY Y EPFEKUNGSETYTSZRGNIQ
GCAAATGCAGATCTT TTACCAAGACTTCAAAGCTACTTGGCTCAACTTGATTTAGACCAG
4 N GDLLPERYQRTYLAETLTDTLTDRA®Q
TTCTCTGTCGCTGATCTTGTGCAACT AGAG AR AGAACTCGCAACTGCACTGCTACAALCS
F EVADLYQLEZEKTETLTGT4ALHLV QT
ATAGCAGCALRACATCTCTGCCAATACGOGGCTCATGATCGAACCAATAAGAACACTTC AR
I 4 8 K I 58 4 8TERLMXMNETPTITZ RTTLAQ
GabAAGGCARATTTGCTCALACAACAS A TCACCTCCTGGCGCAGCAGATTCCTCCAATG
EXKANLULETEEUNTDTVLAQQTI A &N
GTGAAGCAARACATAGCCAAGAAGCAGALAAGCGAAGAGGTTGGTTCAGAGTTATGCAAC
vVE@@NTIALEKEZE EKEEKZ SETETVGSETLTECHN
CTTTCAGATACTGAGACTCATCATCCACCACCAGGCGAGACACTTATGTTGCTTCGTTAG
L&EDTETHHALSPPGETTLMNLTLG *

3 HHE N DcFLC EAHBNEERIEERFT]

Fig.3 Amino acid sequence of the protein encoded by DcFLC gene in carrot
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Fig.4 Prediction of the domain of carrot DcFLC protein
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DcFLC (Y2 LR 5k H AR 219, A X 43 F 1 h
2.454x10* FRISAEHE 254 9. 15, R 1 2 56 19 A A
RHEIR L) 43 51 R 249% F1 18% ., U RE IF L 45 Bk A
NS B D AR e TR RIR A RS
Yifh FLC 25 1Y 2 BE R % B 40 R 163 ~ 210, A XS 43
T 41.837x10% ~ 2.449%x 10*, FRIE 25 HL 4 6.27 ~
10. 35, B PEEFEMR L 65122% ~ 28% , Bl P 2 3 R [

B17% ~20% (= 2) , LRANFEYIFF FLC 8 23

R 3 51 AR LEE A 58.12% (#1 6)

2.2 #HE M DFLC EAMNZREMR=REWN
HHE N DeFLC 2 A I 45 H o BRE ( Al-

pha helix) i b5 5 60. 73% , %iE {# 3= 4# ( Extended

strand) B % ffi ( Beta turn) F1JGHL N 4 [l ( Random

coil) di b 435 A 12.33% . 4. 57% Fl 22.37%, Dc-
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Fig.5 The analysis of hydrophobicity and hydrophilicity prop-

erties of amino acid sequence of DcFLC in carrot

F2 AEYMHFLC EESEBEMRELER

Table 2 Amino acid composition and physicochemical properties of FLC proteins from different species

5 \
Wy Bk mumy TITR e FORRIER ()
(x107%) MAEEIER: WM
% I (Raphanus sativus) AAP31676.1 197 2.194 9.66 22 18
R4 ( Mangifera indica) QKN22745.1 191 2.209 9.65 25 20
I #E ( Betula platyphylla) AGC94569.1 208 2.386 9.42 23 19
IR T (Arabidopsis thaliana) ~— NP_196576.1 196 2.187 8.45 24 17
ZEIR 3% ( Brassica rapa) AB040820.1 196 2.193 9.76 23 19
2% ( Brassica napus) AFU61563.1 163 1.837 8.24 24 19
A 7] ( Theobroma cacao) XP_007043954.2 198 2.297 6.37 28 17
TR ( Dimocarpus longan) AHZ89709.1 191 2.156 10.35 22 18
%3 ( Vitis vinifera)) NP_001268057.1 210 2.449 6.37 28 18
Kbk (Juglans regia) AHF20809.1 203 2.378 6.27 25 19

DcFLC [OYROVTE SKRIGLIR ARVGY TT [EESHAPRCSSIDARILORYHCVTSCDAREATGVYEPKNS . KY SRGNCANGDIMERY 109
AtFLC il BASVALLV SESSG. . . DNEVKMLDRYGKQHATCDLKA . LDHC SKALNYGSHYEIMEIV 100
JrFLC v BVEVALM T [EESSA. . .ESLGKMLERYRTHVEEETAVRRSSELEKTHHADCEPGLCMGAREMEME 107
BnFLC i BASVALLV SESSG. . . DNLVKMLDRYGKQHGLCDLKE . LDRC SKALDCGSHHEIMEIV 100
VVFLC I VDVAVLV. [EYANG. . .NSIARBIEFERYOSHFEAEGNASTGANESENCHYEYT. . RDWTELMCTY 105
DIFLC i 'VDVALVI [EESSA. . .NSLPSHILDRYRSRFEEEAIAVNSVN . AEGSQSKHSSLHSHACIMCIV 106
BrFLC I ASVALLV (NESAG. . . DNLVKEILDRYGKQHACDLKA . LDLC SKAPKYGSHHEIMEIV 100
TcFLC i BVETALVI (EESSA. . . DGLTKIIERYRCHYECESEASKDVN HIV 98
BpFLC S VOVAL TV [EYCSG. . . NSLGKMIEEHRSRLKGEMKASEGLNDIESYHPESASQCSHVEIMKIN 107

iFLC 'VDVALIT EFCST...DSEA IEERYOSHSGEEAIASKGEN . AEVSNPEYASIYSHAEIMCIV 106
RsFLC gEASVALLV\EIE SESSG. . . CNEVRELHRYEKQHACDLKALLDLC SKSLSYGSHNE$ELV 101
DcFLC CRYHAELBLDQFSVADINOMIKELGTAEVOT TAARTSANT EPTIRTHQOERANIEKHENCVEACQTAAMVKQNIAKKEKSEEVGSELCNL SDTETHHAPPGEEEMEEG 219
AtFLC CSKMVGSNVKNVSIDALVOMaEHLETALSVIRA . . IBIVL K1 VENLKEREKMLKEaNCVIASOQMENNHHVGAEAE . MEMSPAGCISDN. . . . . . . . LP.VILPLIN 196
JtFLC CRYMEECNIQEKTL IELTHMTELDYV ILRQTRF] . . IQWMNMTIEATKAHYEFEKQLREWKTIMEEEMAAMMS . . .EDHVLRLELEPNNARAPP. . . .. LCE.TIENLE. 203
BnFLC ESKHEESNVDNVSVGSIVQMIEHEENALSVIRA JIEHIVLKIVENEKEREK LIEHINHVEASO . ¢ o v oot v teeeneeneenenneneenenneneenennenns 163
VVFLC ¢SQUEGCNDECMSVTDLVOSRRELDAALLOTKS! N ESIRHLHERERMLROIKELLEKEMEAMRKE . KEEGWKECAIGNNLDPENPEEPCPHCR . IFRSTIR 209
DIFLC CROMEGONFECMTVTCLVQ@KOLDAALTOTRA B ESIVTEHEKERAIREWKEREESETAALKN. . .GTLTSGGAMA . v v vt vvvvennnnnnns TILSLIK 191
BrFLC ESKWVESNSD.VSVDSIVQMaDHLETALSVIRA .IHINLKIVDSLKEREK L IKEINCGLASQMEKNNLAGAKACKMEMSPG . CISDIN. . . . . . . RP.VILRILY 196
TcFLC CSQMEEPNVECLSIMDLVNBZKOLCMALSETRA .IQIMMESTMTLOEKEKI IRAIINELLERESAAMEK . . NEDEGNEVVIGFSNHQHLG. . . NLRQQ.QELSELO 198
BpFLC CKOMEGENIEQLNVTDILAQMITCENABLTYTRS N | ESIISIHERERMLREINELEERETASMKN. . . SEGRTEVLMGLSMHENSP . LPHPRCP.ETESIIP 2()8

iFLC CROMEGPKFECLTVTDIVHM@KOENAKISCIRA . IEIMDTIMTEODKEKKQRE@NTLIRRE TAELEK . . .ENCRTARAMA . oo vvve v eeennnnn TIHIIR 19]
RSFLC ESKEVESNVG.VSVDALVOMBGHIETALSITRARE . . . . TEMLKIVDSIKEREK EKEENKVEA SQMEKNNLAGAEALNMEIARA . CISDIN. . . ... . LP.VELPEEIN 197

RsFLC: % b FLC  H ; MiFLC : /T3 FLC 4 ; BpFLC : A #E FLC 2 M ; TcFLC : 7T A] FLC 2 M ; BrFLC: 25 BR (3% FLC 25 H ; DIFLC ;. 2 HR FLC

1 VWELC : i %

% FLC B ;BnFLC: H13¢ FLC & 1 JlFLC . A% 8k FLC 2 1 AtFLC . BIRIJF FLC & ; DeFLC. 1% M FLC &,

B 6 AR FLC T8 SEEFTIEEXT

Fig.6 Alignment of amino acid sequences of FLC proteins from different species
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Fig.7 The tertiary structure model of DcFLC protein from @
carrot .
LA R B A T B AR, FLC: JFAE 6] 7 2 M1 ; FRIL

2.4 #i% b DFLC EE KRG AL Frigida % [1; FRL1; FRI 25 & 1 1; FRL5: FRI 284 1 5; GI:
Gigantea & [ ; SVP . JFAEMIIEE 1 ; VRN BALMIOCH H ; FT: W

N = % 9253 8
TIEJ%%EF FLC %E%%ﬁ&f??{%dﬁ@fﬁﬁ” AR 1300 B-box FEH 2 1, T23]18.18 : Pliceosome HIXCH 1
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Fig.8 Protein-protein interaction network of DcFLC of carrot
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4EER [ 3 (Brassica rapa, ABO40820.1)

100 % N (Raphanus sativus, AAP31676.1)

96 M FF (Arabidopsis thaliana, NP_196576.1)

100
I3 (Brassica napus, AFU61563.1)

— #135 N(Daucus carota, XM_017360201.1)

B9 ETFFLC ZEASEBRFINARYTH RS LR

Fig.9 Phylogenetic tree of different species based on amino acid sequences of FLC

2.5 DcFLC EREHE MEFPARALURLS &, EMEPHREEREM, EERNET D
BE&BREEPHFRIX DeFLC Fikw R HE LT T LT,

B NEIEIAARI AL RAREERSHE S EREFEENEI FHI4NBEERERE,ES5H
DeFLC FER W R B A 10 Fin, e Wi S BRIk AL, 55 3 BB DeFLC Rk &5 5 B
NABR R AR T DeFLC JER By Rk B A B 4.5 15,
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Fig.10 Expression levels of DcFLC gene in different tissues and flowers with different developmental states of carrot at full flowering stage
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FLC VEMREAEYITAE R GBI N S A &
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FLC FE PR it i) B 1A 5 11%) 22 32 IR F4) 1l HP R 1k 2 i R
o e T 2 LR . MADS % 28 1A P fh 45 1
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FE 1A Y K-box 2589 #13 N DeFLC 8 H
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MADS-MEF2-like 4541 T2 ~ 80 2 HEFR AV 1., K-box
ERINITF 103~ 176 Z LR, SR IF G5Bk %
FNMSEEAE AL ) FLC 8 ki e R R0
B~ DeFLC S5HALY A FLC ANFER—4r % b, 3R %
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