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# E:. BB MAAE Carthamus tinctorius FERHF TiRE CtFDI 5 CtFD2 FE, STHBHATAWE B4, RERE R4 A4
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CDS K/NrJilokh 726 bp A1 540 bp, 4ifith 241 #1179 MR . —H BB E MM bZIP ¥xFF4EH, AspKkitEEn,
EA T . R ER SHEH Artemisia annua FE5 R[N . HRKRE RV, CtFDI 5 CtFD2 ZRTEZER
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Cloning and heterologous expression analysis of CtFDs gene from Carthamus
tinctorius
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Abstract: Objective To clone the CtFDI and CtFD2 genes from the genome of Carthamus tinctorius and perform bioinformatics,
expression specificity, and subcellular localization analyses. Methods The CtFD1 and CtFD2 genes were screened and cloned based
on the C. tinctorius genome. Bioinformatics online tools were used to analyze physicochemical properties, conserved domains, and
other features. Quantitative real-time polymerase chain reaction (QRT-PCR) was employed to examine tissue-specific expression
patterns. Subcellular localization was observed using a tobacco transient expression system. Soluble expression of the proteins was
achieved by optimizing inducer concentration and temperature. Results The coding sequences (CDS) of CtFD1 and CtFD2 were 726
bp and 540 bp in length, encoding 241 and 179 amino acids, respectively. Both proteins contained a typical bZIP transcription factor
binding domain, which were hydrophilic, and localized to the nucleus. Phylogenetic analysis indicated a close evolutionary relationship
with Artemisia annua. Tissue expression analysis showed that CtF'D1 and CtF'D2 were most highly expressed in shoot apical meristem
(SAM). Prokaryotic expression analysis revealed that both proteins were abundantly expressed in the supernatant at 16 ‘C with an
IPTG concentration of 0.2 mmol/L. Conclusion The CtFDI and CtFD2 genes belong to the bZIP family and exhibit the highest
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expression levels in the SAM of C. tinctorius, suggesting that they may play important roles in regulating flowering. This study provides

a scientific basis for further functional characterization of these genes and elucidation of the flowering mechanism in C. tinctorius.

Key words: Carthamus tinctorius L.; CtFDs gene; gene cloning; bioinformatics analysis; expression analysis

VAR S K/ N e S N R R S o R 2 I PS
BRENR, BEEEWIEVR R, A
LR AR DA A R OB R B e
i, RIS & 245055 2% 1) P E AR R A
FERIA, B EAE I T AT 6 2k B
AL, WOCRHEIEGE. BHER. MRk, AR
12 TSR AR IR ISR (EAE A AR 1
WML, TR T (flowering locus T, FT)
FIFAELL A D (flowering locus D, FD) 4% FT-FD
ORISR B SFREZ MG S 1%
O —®, FT S EAER b= AL G ) K i is i
BERSEHL (SAM), 57 SAM FrrtERiAm
FD SEAMEAEH, TWREAEEeEE G4k, Srmises
UL R E FE Rl APETALAT B APT %6)
HIZRIE, JASEZE LSO, FD HAEN bZIP #5%H
TR E R, FEAEAIT AR R E ]
HAl, FD [RIEER AR KRS, fifEl 2
FAEI PR %, IR DR AEREL EAX RS
IR, FD RIS R T 229050 A4 2,
HHIwmigE H e T A, R IR bZIP 451
I, feM% S FT B KR RIE AR, SR, FD A
TEZ MY h DI RER TR 5, JC R AELLAE
Carthamus tinctorius L. ¥ AR LR G HRIE .

LACNHFF AR AREY), RIRELS T2
Mz —, BEWEMAR. BEImmIIR, HIE
W AR LA AR A Chydroxysafflor
yellow A, HSYA) U121, HSYA 8 H TIRIK,
FEVRITE FREAA I, OO I BRI %E . 2118
7 KB 5IACR [RIAM 256 7= &, 38 v] feil
Tk R 5 R AR AU A AR B S e 2R i i 0T
I, FEATELAE TR R 7 L], X ZLAE e
R = LR sy B S B S M E A e .
RERPBHARTHI A AeHwkE T2 FT [FJR
B, FEWPPIESEHZ 5T R AR, (2 FD ZEH
(7 FIRFIE . IR S D REHLE AN IE 2

ST, BT AEHE R A Pk I e B T
CtFD1 Y CtFD2 B, RIHAYME B 5 50 i H
FFHVRHIE . B S50 Sk &y SR qRT-PCR
ARETMILAEA R R AC K B B RA R @

Ik JOR R N R TE R G IE L A e 7 (RS A A
JRZ AR BARFERACTE T %A, DIIRAS nl it s 2
HH. WS S NIRRT AAE FD AT
WM T RE B e LA, ot bR a e
FRACHE A 1 73 F AL B2 HEFRR AR o
1 #HRENEE
1.1 #8

AHEFATH “Ha—5" aibh a1 RK¥Ea
TEr= A TR AR AT, G 1 K2 XTS5 I 45 52
NEAE C. tinctorius L.o B34k 25 C. 40%i%
F£, 16 h GHE/8 h HaME . BEHK K/ h—F 4 qE,
R Ay, SRR 22, mh ZERp4H
g1, 167 (Bud). PHEHITEME (IND. BEAEHIEIE
(FUD. ZEEIITEME (FA) #4758, M3 ANEHEE.
1.2 {43

ChampChemi 9100Plus 4= [ 025 K/ /b
RG240 (AL DR AR AFD,
Proflex 52 59t 8 & PCR X (HRE M X gsdb st
FRATD, T10S Y PCR 4% (HUM BRIERIEAESA TR A
A, TGL-1650 BmigvA ke Ol (WU &RMESH
IRATD, 2EFREPUEITEN (i Esnlb kR
AIRAFD, WD-9403X HIHJK{ (BIO-RAD A,
UV2355 BLEAMtEETH (HIgSEREAE A TR A
7)), JBZL-08 B AL (HUMIKERA A A PR A
A, WoERAERME (HARRHASH).
1.3 iR

RNA $2BURFI & (BRHEFRAR, #it5
AC0202-B). REesidsf CARMERR AR, #its
AG0305-B). 7t 5E B PCR 7 CERHEG R A A,
fit 5 AHO105-B ) . PrimeSTAR®GXL DNA
Polymerase (Takara A #], k'S5 RO50A). IPTG
(Solarbio A ] ) LT & (Solarbio A 7] )« MES
(Solarbio 4] ). & ALEE (Solarbio A F] ). Xba I
Sal IBRHITERZIR N VIEE CBRALEVIAIRAFD.
2
2.1 /= RNA $2EUH1 cDNA &K

KA [F 4046 H ZLER AL TN TE B E B 1.5
mL B0E S, A 3 B3 mm S LB REER S,
TRNREH S FIFH AL L 50 Hz # A RS



* 3956

F8 B 2026F5H $£57% B0 Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 10

ZIAREH . EHERHE RNA SEGA & Git
5 AC0202-B) FEHUFEFE S RNA, R 1%13 A5
R I F VA I RNA SlE . o ) s i ik s
RNA ¥ % cDNA % F .
2.2 CtFDs EERRESNF

HRFE HH e DRI K 2 A A6 DR 2 50 P e e 2 SR
i B %% FD 3K, 73 hildn N CiFDI Y CtFD2.
R4 51, 48 Primer3Plus £E£E K43k Chttps:/www.
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Table 1 Primer sequences
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CtFDI1-F ATGTTATCTTCTGATGGTGATGA TR
CtFD1-R TTAAAATGGAGCAGTTAATGTCCTCTG
CtFD2-F ATGAAATTGACTTCTGAGGACACC
CtFD2-R TCAAAATGGAGCACTTTTGGTCC
18SrRNA-F GAGAAACGGCTACCACATCCAA e ERP
18SrRNA-R TCGTTTGAGCCCGGTATTGTTA
qRT-CtFDI1-F ATCTCTTCCAACCACTCACCAC qRT-PCR
qRT-CtFD1-R TGAAAGATGAATCCCGGGTAGC
qRT-CtFD2-F ACTATGCTGACCTTGCTCACC
qRT-CtFD2-R TGTATTCCGGCGGAGAAGTTG
1300-CtFD1-F CCGGGGATCCTCTAGAATGTTATCTTCTGATGGTGATGA V48 52 s
1300-CtFD1-R GCTCACCATGTCGACAAATGGAGCAGTTAATGTCCTCTG
1300-CtFD2-F CCGGGGATCCTCTAGAATGAAATTGACTTCTGAGGACACC
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pET-32a-CtFDI1-F CCATGGCTGATATCGGATCCATGTTATCTTCTGATGGTGATGA R #RIE

pET-32a-CtFD1-R
pET-32a-CtFD2-F
pET-32a-CtFD2-R

GGCCGCAAGCTTGTCGACAAATGGAGCAGTTAATGTCCT
GCCATGGCTGATATCGGATCCATGAAATTGACTTCTGAGGAC
CGGCCGCAAGCTTGTCGACAAATGGAGCACTTTTGGTCC
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Fig. 3 Phylogenetic tree analysis of CtFDs and homologous proteins of other species
A motif
CtFD1 Tz =KD 134
CtFD2 . 97
NP_195315.3_FD_[Arabidopsis_thaliana] ¥ 174
NP_001109545_FDP_[Arabidopsis_thaliana] - 99
PWZ19327.1_FD_[Zea_mays] . " 69
PW215098.1_FDP_[Zea_mays] ol ish 105
AVO000708.1_FD_[Artemisia_annua] P TOMEDT 76
PWAT7I164.1_FD_[Artemisia_annual] 151
PWA62639.1_FD_[Artemisia_annua] 76
PWA57672.1_FD_(Artemisia_annua) + [T gt 151
XP_021971062.1_FD_[Helianthus_annuus]  HODWHEDES: 76
Consensus
CtFDI s Ao R 240
CtFD2 EKE EMRRLQECVL LS, . BV DKECH 170
NP_195315.3_FD_[Arabidopsis_thaliana] sl iR Jkragratkoioat . qorkfomid:s 284
NP_001109545_FDP_[Arabidopsis_thaliana] - RRY OQPGLKIARAT. Qg 194
PWZ19327.1_FD_[Zea_mays] L R 160
PWz15098.1_FDP_[Zea mays] REKH SRR 203
AVO000708.1_FD_[Artemisia_annua] FRERRERET THAE 157
PWA71164.1_FD_[Artemisia_annual] Bl ATAL. TRRGEN T TE 254
PWA62639.1_FD_[Artemisia_annua] GERE RQKEALVS. ... 01 157
PWAS57672.1_FD_(Artemisia_annua) R roaeatharas. ek gt e 254
XP_021971062.1_FD_[Helianthus_annuus] TIVYTSPIVOET (MR OKE SRS, I e g A 163

Consensus

lr

El 4 CtFDs SEBREIRFFILSS

Fig.4 Amino acid homologous sequence alignment of CtFDs

HW =gl (B 6), i, CtFD1 LA
AOA2UINCD2.1.A AR, JFF—3MEN 74.15;

H

>N

CtFD2 LL AOA251T709.1.A AtEM, o —3MEN
71.90%.
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Fig. 5 Secondary structures of CtFD1 (A) and CtFD2 (B) proteins
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Fig. 6 Tertiary structures of CtFD1 (A) and CtFD2 (B)
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Fig.7 Expression analysis of CtFD1 (A) and CtFD2 (B)

genes in different tissues

"P<0.01

"P<0.05 "P<0.01

N3 CHFD1 Al CtFD2 & 48 40 M P (1) Bk
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F o K S B BRI S IR 2 ODeoo=04, [F]
HAIMAARFEIREER IPTG #4755, 4558 1E 9-A.
B fi7R, EAE IPTG %S~ 2 MEHIEIEFALE
HELAH, HAP CtFD1 4 46 100, CtFD2 24 39 100,
24 IPTG WE N 0.2 mmol/L I CtFD1 5 CtFD2 7E k.
ERREER R, FERFZ IPTG W7 fE4EsL
5. FEm, SN T CtFD1 5 CtFD2 NTE i ERIA,
AWFAALE 164 28, 37 CHIZKM P HTIES, 45
R 9-C. D iR, X 2 MEATE 37 CIRIEE
e, B AR AR IR . ME 16 CEAF T
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DRI J ik e PR B AT 15 5
4 e
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Fig. 8 Subcellular localization of CtFD1 and CtFD2 proteins
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A, B-CtFDI and CtFD2 induced by different IPTG concentrations; C, D-CtFD1 and CtFD2 induced by different temperatures; 1-supernatant; 2-precipitate.

9 CtFD1 # CtFD2 ZEBHRIZRIE
Fig. 9 Prokaryotic expression analysis of CtFD1 and CtFD2 proteins
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CtFD1 5 CtFD2, FEXHHEAT TS B2 01
TSN B JFAZ R IANAL . BEFLLE Rt —
W/R4 A6 FD BRI i ThiE2Ee T
HELEA

AWE BT R, CFD1 5 CtFD2 ¥ &4
AN bZIP ZER3K, & 07 T-a0A%, 77 &St
(1) JLRLFAE « bZIP % 5N SR AE FE ) AR A it
R ERBAER, JUHE FD EHEE S FT &
I EAETE BRI B & AR, WS T e AR 21
REIEF M FRIL. Rl Hr 7R, CtFD1 Al
CtFD2 53t FD R4 X A mil, X544 5%
1o A B AR 7 A — 3, BEoR FD ZERTE4F
Y R R A BON IR 1. 2 ETFAIL
XfdE—PAESE, CtFD1 5 CtFD2 7E bZIP Z5F43[X
5P FD SRS, JLHEZ 5 DNA 4
A ZRALTE ) SR R R TR BT A, FRRIX
AN AT EAR B T MY FD BRI T IR D e R

Y 2R S MR 2R A AT R A BT R T e ) R
PIA R . qRT-PCR 45 &R, CtFDI 5 CtFD2 $47E
SAM H B I 5 IR K, AR FL A ZH ZLAn R 2£
M AR RIS RAK . X — KBRS
FD FEFE N AR BOE S A R TE 2R R &
BN = W) A —FE B U IR, FD 2
[H £ ZETE SAM Rik, 5 gk FT & H
FHELAE F T BSOS AC B80S A PR 75 S A6 2 47,
BRIk, 2046 CtFDI 5 CtFD2 1E SAM H (1) ek
RIEWERERES 5 T U0 A A 1 B
W, RN, CtFDI 5 CtFD2 TE4EE
KA A — e BN RL, RERIE
AKFZAET SAM, (HAR/RIX 2 AN A] e AMUAE
AL B BER R, v Res 5L ERE
BACIE T AR A R . AP RR
Wi, 2046 FT [FYEER (CtFTs) RZ 5T
R, 105 KB LA AR AE o TR EL, FD
EN FT MEAEIKSE, REH0SE TiX—d#, |
it — PR

P4 i 52 AL SEERIESE CED1 Al CtFD2 & A 5E
MFMERZ, 5EMEREI—8, WAENIE
LS S R R SR AL T s () S . EAE
g, FD AT ARG A 65 FT I RhReE
G, BORAE A RRHERL R A0 AP Bk A
WEF R 45 B 74048 CtFD1 5 CtFD2 B &7 f#iX
— % W T RE I A A S A

JR A% 2k Z G DAL 8 155 = Sk A LA
N JE 8 B DhReR 7t S HAENLIfE AT B8 T AR
W KB, CtFD1 5 CtFD2 #£ 16 C & 0.2 mmol/L
IPTG 5 5 26 R al e _Lig R R1E nl s RIA , T/
7 CHT N R REER & E 2 AR AL
HE. X450 3R, 416 FD AL KT H &
G RAK I 05 T R RO U, KRS A
TEAEMRIT SRR TEN. TEEarRE
RlE s RN E A BHAEM L (1 GST pull-down
EMSA) 24t 7 HEMEL, WNIRANT CtFDs 5
CtFTs 2 [A] ) EAENLHIFR L T LA

RERPF YIS HR T CFDL 5 CtFD2 ¥
VRHIE . R R E e, (HX AL AE T e
WU ShREA B = B DhRESCUEIEYS . 5
SR T R R ER (il rg T I SRk B
JRERE FHEYIER) BHIEIX 2 NERTE e
EARIER; IR, FIRHBERESURAE . TR
HAM (BiFC) ZHARIGIUE CtFD 5 CtFT &AM H
ER R, HE— 01 B SRS & G A e R i 4
L. Ak, BT e HSYA SR
YR EEZFANME, WIL CiFD S iEd I
Feid AR AR =R R, SE%ES S
AR R e R, W E e 55
SIAR N -y

g LR, ARG IR S E T
2 AN FD IR, R SEHAE 22950 AR A 2R etk
KiIE . A% S s R, RIS T RV
JRFRIER R, NGEIRNENT LA FD ZEF )
fe ST AE TR B B2 58 e o

FBAE AL FE R RALA G AR

SE R
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