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W OE:. B CLEMEYAE Carthamus tinctorius HFF AT 5, G S Eig A it F R F HYS LR, FxtHLitiT4
WM BFRMBRILBN N, N HYS BEE MR Rt 2. Fik DA ZEeE 5%, &ilsl¥, KA PCRY
W ENAAEH TS 2] HYS f4K cDNA F1 DNA 3. i AN S B s HZIE W T 8T, TINgmiS & [ R 4504
5IhkE, JRmEFOERE PCR AN CtHYS BRAELAARMALKIER B AN HIIREEN. &R CHYS R
cDNA 4Kl 462 bp, 4ifi% 153 N ZER, DNA 4 K4 1941 bp, B 4 MM TR 3 ANNE T £W1E B0 R, CtHY5
SRR E, BT . RGN KBRS A4 R CtHYS 53R BRI RISEE] . AL %, W
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Cloning and expression analysis of CtHY5, a key gene involved in light signaling
pathway in Carthamus tinctorius
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Abstract: Objective HY5 (ELONGATED HYPOCOTYLS5) is a key transcription factor in light signaling pathway. In this study,
the CtHY5 gene was cloned from Carthamus tinctorius, and the bioinformatics and expression profile analysis of CtHY5 were
performed with bioinformatics and quantitative Real-time PCR (qRT-PCR) methods to provide a reference for the functional study of
the HY5 gene. Methods Based on the transcription data of safflower, primers were designed and the full-length cDNA of HY5 were
cloned from safflower to obtain DNA sequences. The characteristics of physiochemical properties, structures and function of the
deduced CtHY5 protein were determined using a series of bioinformatics tools. The expression of CtHY5 in different tissues and
flower development stages of safflower was detected by fluorescence quantitative PCR. Results The full length cDNA sequence of
CtHY5 gene was 462 bp, encoding 153 amino acids, while the full length DNA sequences of CtHY5 gene were 1 941 bp, containing
four exons and three introns. Bioinformatics analysis showed that CtHY5 was hydrophilic protein and was located in the nucleus.
Phylogenetic tree and motif structure analysis revealed that CtHY5 was more closely related to HY5 homologous protein in Cynara
cardunculus, Artemisia annua, Mikania micrantha, Helianthus annuus and Lactuca sativa, which all of them belonged to Asteraceae.
The results of gRT-PCR analysis showed that the expression of CtHY5 gene was the highest in the flowers, followed by stems and
bracts, and the lowest in roots. And the expression of CtHY5 gene in all tissues of safflower was significantly higher in white
safflower line than that in red safflower line. Conclusion CtHY5, the key transcription factor of light signaling pathway, was first
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isolated from safflower in this study. The expression pattern of CtHY5 in different lines of safflower was studied, which laid a

foundation for further study on its biological function.

Key words: Carthamus tinctorius L.; light signaling pathway; HY5; gene clone; expression analysis

%K ¥ HY5(ELONGATED HYPOCOTYL5)
FEFEATE RN 8EJS (basic leucine zipper, bZIP)
e 1Rk 1, I R AR T e FE S
FM. HY5 gmbd i & AR MR O 1E
SR, G Tk BE o EEREA,
HY5 1 C K A RN bZIP 538, Refs H
53R A sh11EH ot G-box (CACGTG) fHEE &S
T 1 428 55 AT () 2k B sk AN [F] IR 2 M5 5
BPOLE S, HROUE SLmes TiERE o, o
A K R F 25,

HY5 "2 5MMEKKE &M IR
KBS RIS . HYS ditds & CAB DA LIl
CUF-1 Jufh5 2 W [RIR 454 G 7T 8 i -4k 2 AR 2R
FIEAEKE, Bbsh, HYS g6 HIEREER A
R, Rk V)T E TR T R L 1a B A (1 A el
BOFTE LR, BEACET AaHY5 BT 5 AaWRKY9
R T ahE RO L, hRZ S5 CNEH
FRIEA T T = R A& R F flih SIHYS 725
SRAEHRACE E BRI RS EH RS
D2 B RO OGHE DR () sioK P A R R SR M, 7
ANFEPPEHREAT TR, HYS WA LEEES G IeE 24D
B RGE R A HE G R (CHS) A, & B 5l
(CHD £R%E, HTFEH R R Stz BAER
¥ PIF3 A1 HYS fE)EIE T IERIEIEE 2= A i1,

HY5 K 2 M4ULFE 7+ Arabidopsis thaliana
(L.) Heynh. 1, 351 Malus domestica Borkh. 241, i
3% Brassica napus Linn.181, % Pyrus bretschneideri
Rehd. (81, $57£# Artemisia annua Linn.[19, i
Solanum lycopersicum Linn. 171, %55% Fagopyrum
tataricum (L.) Gaertn ISIZEW R o 52 5 1 43 B Fll 4
JE o Ha2, HREITEL FHIEY44E Carthamus tinctorius
L. HH v R L HY'S 28 A (1R AH DG

A, MeuEale. aiEle. Wlate, NER
AC)E AT EAREY), HTRIEANY, A
AV MGEZ . B IR TR0, 2 fedeh 21
AL E YRR RAGEY), BT NLAEH 5 45
FIZEEE LAY 60 FRRO, HAEEIEZRE, W
g, [t B, BES, HAEOZERHEN TR
A& R B W AH R o NS AN A SRR, AR TR O

ST HUHIIE A ILARIE .

AT FERR IS T HALLAEAC SR S L PP 404, 38
It PCR ¥4, 3R1G 14046 HYS [FJEIEH CtHYS 1)
cDNA J751, HLALLAEH i DNA R 3k CtHY5
R4 K DNA FA. @ AEYE B 2Ema iy
X CtHYS & AL R RSP ESIk, Bk
KM, ORGSR EEREAT T T, T
CtHYS5 T T Rt Sk, Kl T iz %R
AT IE R RRHR AR R
ki, DR P i DGR A e T R R
i A= ) B R 2 AL B 5E B, R A RE A
BB LA 2 S TR R I 2 .
1 MR

BERATRL AT R AR B 2 R 5 H 0 2
FARE VB 50 = O B IR AR N 40 6 R0 (L 20 4
R, WA LR R ZE R T O R
TSN R A B4 4 C. tinctorius L., FifE
T RGO RF 2 E BB SO R e, H AR
K, fRERAEKZEIEN, BUR. 22, HAIE
Fy FEEEIRIENAE TS 78 SR 1. 24 3. 4.
5 M1 6 REVEMRTE, Z37lsy S1. S2. S3. S4. S5
F1S6 11, AT A AL4U A ARE S 3 MEMFER,
BREFESSLIBNB A R AF, HEBER
—80 ‘CHMIKIRIKFEHIRIF % RNA $2HL,
2 FE
2.1 2 RNA $2EUK cDNA SE—H#E K

Fo WAL 5T AR PR ZE ) A | Quick RNA
Isolation Kit {71 &5 1d B P FE HURE & 104 RNA, 18
It 1.2%3 IR BEBE R HL O HR EUTS RNA 15 & A0
SEREPEHEATR I, ) NanoDrop 2000 436 6 B 11 %)
A RNA R EE AT I € , AR S e 5 F) & (TaKaRa
v ), PrimeScript™RT reagent Kit with gDNA
Eraser) i H]-P#AEL 3 (Code No. RRO4TA), ¥
& RNA s 5 —5% cDNA.
2.2 DNAEH

F IR AL AERRE DNA $REGAFI S HR I A 1E %)
- DNA 5, it 0.8%35 s Bk i s vk oot $2 B
DNA #EAT#:, F NanoDrop 2000 736 5%t
DNA W FEFEAT I 5E -
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2.3 CtHY5 EFEMTE

FRE S Unigene JEKF511¥EH514),
514 5-ATGCAAGAGCAAGCTGCAA-3", i
514): 5-CTATTTCCTTTCTTGCATACCG-3", 437ILL
EPIRACHAAH A I IIZLAEERAE cCDNA FNZLAES))
- DNA iR, FIH KOD H§itfr PCR ¥ 34755
CtHY5 JE[H 14K cDNA 1 DNA J751, [RNFRFFN
N: 94 C. 2min (98 C. 10s, 56 C. 30s, 68 C.
2 min) X35 A 68 ‘C. 5 min. PCR B4
JIE B e i F Uk A I, R A 4 T Sangon Biotech
SanPrep #1:x0 DNA 2 [EICAFE (Lot.: AA24KA4369)
[l H B, %43 TaKaRa pMD19-T #ifk [, #
A TaKaRa DHS5o 2754000, I8 T 52 FEHRD
PRI LB #5770k L, 37 "CHEFR 16 h. HEEUHAET, PCR
RS, KPRV EAE AR . JEid DNAMAN
BAFDFE CtHYS JEH 4K cDNA J75).
2.4 CtHY5 EEFIINEMEEZ T

it MEGA 7.0 #fFEEXS CtHYS JER 4K
cDNA F1 DNA 751, $REFERNE TR FIH
ORF finder 7 £& # 4 Chttps://www.ncbi.nim.nih.
gov/orffinder/) #iik CtHY5 f#] CDS /%1, CtHY5
EHMEIERRAS . EAFAAEN ST RE. RS
L SRR MR SE S B0 AT o i, AR A A
ProtParam Chttps://web.expasy.org/protparam/) 5¢ %
] NCBI Hff) CD-Search Chttps://www.ncbi.nlm.
nih. gov/ Structure/cdd/wrpsb. cgi) *t 2L RRF 51 1
PP EE RTS8 . CtHYS & ) e ghdfi
fE4 T. H. SOPMA Chttps://npsa-prabi.ibcp. fr/cgi-
bin/npsa_ automat. pl?page=/NPSA/npsa_ sopma.
html ), = 2% 45 #) i@ i SWISSMODLE ( https://
swissmodel. expasy. org/ interactive ) 47T . i id
TMHMM Server v2.0 Chttp:/ivww.cbs.dtu.dk/services/
TMHMM/) X CtHY5 25 1 1S IR 45 K 80 A T 2347
i%& H SignalP-5.0Server 1t £k X 14 (http://www.cbs.
dtu.dk/services /SignalP/ index.php) LA & PSORT fE£ X
4 Chttps://www. genscript.com/psort.html) 43534715
SIRBIANE A EA 74T LA CtHYS EHEFFIIN
B, 81 NCBI i FErh AT Blast P ST X
ST, RHEHEYRG CtHYS EAMIEERS, R
DNAMAN Xf CtHY5 5 H 5 EYR ) HYS [FJREH
(0 TR VR P 3R AT 0 b s I MEGAT.0 # M H i
Neighbor-joining #J% CtHY5 A KRGk, il
it Bootstrap xR AL, Bootstrap fHi%E

9 100, RGKE R T RISARL R MEME
(https://meme-suite.org/meme/) FELEMIEIHEAT /34T

25 SERPREZEE PCR (quantitative real-time
PCR, gqRT-PCR)

I qRT-PCR HARKGM CtHYS FERI{EERIE
RAEFEE 2 NI RFR. 22, HAE LA
FAEAE R BRI 1. S2. S3. S4. S5 A1 S6 i
Lk &, FIFH Premier 5 ¥ it CtHYS FE K5t E
&= PCR 5%, Lis514): 5°-AAAGCCCGGCTG-
ACAAAGA-3’, Fif514): 5>-CGCACCTCCAACT-
CCAACA-3’, WiHrZ Ay Ct60S 2K, LijFs]
¥): 5°-CATCCATTATCCAACAATC-3’, Fiif5|4:
5-AAGAGTAATCAGTCTCCA-3’, f§ i TaKaRa TB
Green®Premix Ex Tag™Il (Tli RNaseH Plus) #E{T
gRT-PCR [, SBiZkfF: 95 ‘C. 3min, )5t
1T 45 MEFRE) 95 “C. 10s; 55 C. 30s; 72 C.
28 s. I A AR 2R BT MR PCR o 39 (e 5 1
SNFEFEM 55 CH| 94 “C 0.1 °Cls HEE. FNK
JeER PCR RMHEE 3 K, It 2-0C kX 8 &k
X2 R 34T RIS KFE 4 Hr. LA Student's t 46 56
(Student's t-test) J5ykxt CtHY5 K 7E L (F1 A &
PIANLLAE o R PR AL R B AR R IA
BTG 0 M, P<0.05 #n R BA BE KT
3 HERE5SH
3.1 CtHY5 ERAp7kE

FIFH RT-PCR J7i%, MERIE AL ARG
ZHS2] 7 14 cDNA 2Ky 462 bp 1) HY5 A
FERIEE (B 1-A), @4 CtHYS. N 1 it —5%
2146 HY5 ZER N & 7 FANE a5 kAT 70 b, DL
ZLIEH))H DNA AN, 4T PCR 473, £llfF.
EExE T R BT AE HYS JE[K DNA 4K h 1941 bp
(E 1-B), & 4 MMEF, KE2 514 97 bp. 166
bp. 157 bp #1 42 bp, 3 MAET, Z37l 1083 bp.
320 bp. M1 76 bp (K& 1-C).

3.2 CtHY5 EEFFISH

Z1.4¢, CtHY5 L [X] cDNA %114 ORF finder £k
AT, SR EE LA XX bp 788445
TOAE, 4afid 153 NMEIERR (K 2-A), Wit 7EL KAt
Prot Param X CtHY5 &5 [ i) 2 R IR 2H Al S L gt AT
ST, Gt REN Glu FiERE, 5 11.8%, trp
Al phe FEmAD, 5 0.7% (£ D. Hor1rRAh
Cr11H1204N2340230Ss, ELF 2393 Mg+, AHXT 40+
A 17015, LSS 9.73, NN 30N,
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A 1 R 2 R B R Ay 7 fL T U R IR B R H 7
2000 bp A 29, 23,‘ Wi Z%0h 66.99, SE/KMEFRECH
10000 ~1.014, REEIRECH 58.82, £ CtHY5 AT

750 bp TE HISEK R A .

200bP FH NCBI {1 CD-Search 447 CtHY’ 2 (114
250bp i, SERERZEART bZIP R TR
1oote 1 53, S 3 ARSI, 4231 bZIP-HY5-like.
BRLZ Al bZIP-1 (& 2-A. B). HH bZIP-HY5-like
Ctle5 97bp 1063 bp 16bp  320bp 157bp  42bp gEfIALFE 86 A3 136 3t 51 NMEIERR, HF4
_Exon — Intron A RLKRLLRNRVSAQQARERKKAYLLELEVRVKELE

A-Z11% HY5 cDNA J74IF 1 B-2146 HY5 DNA JF7415 3  C-4T
T HYS JEH N & T AR T 4R A

A-amplification of HY5 cDNA sequence from C. tinctorius
B-amplification of HY5 DNA sequence from C. tinctorius

C-Structure of intron and exon of HY5 gene from C. tinctorius

1 CtHY5 EFERI 14
Fig. 1 Amplification of HY5 from C. tinctorius

A

KK NSEVEERFSTLQNENQ: BRLZ #itiisifif% 81
fr 3 143 frdt 65 PMaEER, H P KENKR
LKRLLRNRVSAQQARERKKAYLLELEVRVKELEK
KNSEVEERFSTLQNEN Q MLRHILK; bZIP-bZIP-1
SEREES 84 11 F) 143 it 60 NEHEER, HFS
KRLKRLLRNRVSAQQARERKKAYLLELEVRVKEL
EKKNSEVEERFSTLQNENQMLRHILK.

A-CtHY5 K] cDNA Fr 51l & HAfE AR5, B I AR 4G %Y
A-cDNA sequence and deduced amino acid sequence of CtHY5 gene, the start codon and stop codon marked in black box B-prediction of conserved

domain of CtHY5 protein

1 BTACAAGAGCAAGCTGCAACGAGCTCTGTGGCCGCTAGTTTACCTTCGAGTAGTGAGAGATCTTCA
1 M Q E Q A A T S s Vv A A S L P S S S E R S S

67 AGCTCTGCTCTTCAAATTGAAGTCAAAGAAGGAATGGAGAGTGATGATGAGATCAGAAGAGTGCCG
23 S S A L Q 1 E v K E G M E S D D B 1 R R V P
133 GATATGGGCGGAGAAGCTGCCGGAGCATCGGCCGGATCCGTTGCACATCCGGACCGCGTTCAAGGT
45 D M G G E A A G A S A G S V A H P D R V Q G

199 ACAAACGTAGGACCGAGGAGAAAAGGGAAAAGCCCGGCTGACAAAGAAAACAAACGATTGAAGAGG
67 T N V G P R R K G K S A D K E N K R L K R

265 TIGTTGAGGAATCGAGTTTCGGCTCAACAAGCAAGGGAGAGAAAGAAGGCATACTTGTTGGAGTTG
8% L L R N R V S A Q Q A R E R K K A Y L L E L
331 GAGGTGCGAGTTAAAGAATTGGAGAAGAAAAACTCCGAGGTCGAAGAGCGTTTTTCCACACTCCAA
M1 E V R V K E L E K K N 8 E V E E R F S T L Q
397 AACGAGAACCAAATGCTTAGACATATCTTGAAGAACACAACGGCCGGTATGCAAGAAAGGAAATAG]
133 N E N Q M L R HI L K N T T A G M Q E R K *

Query seq.

Specific hits

bZIP_1

bZIP superfamily

0F RN 28 1 350

Super

B2 CtHY5 EERIZEERF Y F4miE ) S BB F 5 X FFIHHE

B-CtHY5 & {7 45

I

Fig. 2 Nucleotide and amino acid sequences of CtHY5 and its sequence character

&1 CtHYS EEBRRS
Table 1 Amino acid composition of CtHY5

gl

AR o i /% AR Hw i /%
Ala (A) 15 9.8 Leu (L) 12 7.8
Arg (R) 16 105 Lys (K) 13 85
Asn (N) 7 46 Met (M) 5 33
Asp (D) 5 3.3 Phe (F) 1 0.7
GIn (Q) 9 5.9 Pro (P) 5 3.3
Glu (E) 18 11.8 Ser (S) 17 1.1
Gly (G) 9 5.9 Thr (T) 5 3.3
His (H) 2 1.3 Tyr (Y) 1 0.7
lle (1) 3 2.0 Val (V) 10 6.5
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33 CtHY5 EEMEMEERZE T
FIFH EXPASY-Prot Scale 7E£ T A%} CtHY5 &
SRR KM TR B, b IR (E R Bk M,
TEFRIRSEKIE, @R W], CtHY5 R E il
e T IRESE, B 10 f%iEiR (val, V)
B E 1144, GKPESRE, 5 84 ALk
(Lys, K) B A B/ {E-3.044, SR M &R (K 3).
15
10+ | :
05| \
0 P-4 I i
05| ‘ :
o ; |
& Lo e | iy
-15 { “"‘a“'-'; i ‘L i i [ el
20} A
—25 L 1| R | !
a0 |
-35

20 40 60 80 100 120 140
(oA=H

3 CtHY5 ZERHK MR TN
Fig. 3 Hydrophobicity or hydrophilia prediction of CtHY5
protein

i3t EXPASY 1] SOPMA tool Fiill CtHY5 &
A a5 0, 25 R ER CtHYS B A K g fh
o-12 % Ca-helices) 5 58.17%, TR (random
coil) /5 36.60%, B-Fr & (B-turn) FIZE(HEE (extended
strand) /b, 435109 3.92%7F0 1.31% (& 4-A). Ny
TH BT MAO HYS EAMS K, A
SWISS-MODEL X} CtHY5 & [ it 47 [RIJR A, 1531
ZI4e HYS5 SR E M =4S A (& 4-B), EXPAsy
structure assessment F£/FPEFI#ES, CtHYS HHEK
A 6iak.1.A 344 0.74, 5K E*+ CREB3 & H

A

A IR 34.78%, I H., 1%8 AT fg DA R
ZRERE KA DR

FIFH SignalP-5.0 Server 7£ £k 3 {4-%t CtHY5 & 4
M2 FER T AT (B kA, 4REW, ZEH
HEAS SIKAAAE, NAESWEA. AT #E— 0%
CtHY5 [ZyRedEAT T, @it PSORT £ 4K Xt
CtHY5 & VA e A gk A7 704, 25 R 3K B CtHY5
SELL T ANBAZ IIME R A 95.7%, -5 40 A5 i)
BERAN 4.3%, X5 CtHYS /B NN FAE40
A% F 42 5 DR R0 1) Ty e TR0 AH — E
34 CtHY5 ZEEMAGZFHML T

JEIE NCBI Blastp #4X CtHY5 7EH At 1R
TRRSER T, Lt I, CtHY5 53524 Cynara
cardunculus Linn. HY5 [PARIAE A=, A 96.08%, 5
] H %% Helianthus annuus Linn. HY5 (A L1 Ky
88.05%, ‘57 H 24 Mikania micrantha Kunth HY5 fAH
LA 86.71%, STEAEE: Artemisia annua Linn. HY5
FIFRALLE A 84.71%, 5% Lactuca sativa  Linn. HY5
ARIAME R 82.91%. 5 HARY M HYS 2481, CtHY5
AT IR AR 1 SO e = s B 45 hA 3
F1DNA g5638k, IR LSS TEA [FIFR A ORI
W HOR ISR R D REFT 20 (] 5D,

JEIEAE NCBI. UniProt $i 12 & SCHikil & 4
RO IMEF S HYS, 5 CtHYS #H7 &
GHEER R, S CtHYS S5 HAh g HYS5 1)
AR R, MR 3t KL, CtHYS 53R 1)
FEE#] . AL BHAE. M HZE BmEHT HYS
RGRARBUR, MR R—L, MERAH
ERHEYIMZ R, WE . K. XS FHR HYS
FRGRFZMEIL (6.

— a-RiE —JCHUNAE - U7 — A EE

| m TTTTTTTIN YT [ ‘ | T T
HH‘\H ‘IHHHIH[“ ‘ [ \mm””mHmHmmnmrmmuHum ‘HHHHH ‘ | H\HH H”H H HHH‘ HH “ H‘ H;H\
A I : : Il | I LALARARURARLLRS
VA
g ~ A

20 40 60 80

100 120 140

A-CtHY5 445 B-CtHY5 =445
A-secondary structure of CtHY5 protein  B-tertiary structure of CtHY5 protein
4 CtHY5 EAMZRLEMFI=RLEH
Fig. 4 Secondary and tertiary structure of CtHY5 protein
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o TR SR FIIAEY 11 (CKID BERRIL I 2253

Fle# (PWA35981.1) MQQ@EQGL‘ILA..QLNVMEM@GEMVI 56
FIES TN CIPZEYYSOINNY () B0 YA TSSAWNASILP SSS ERS|SSSA LIONAAUK EGMESDDEI RRVP BMGEEAAGES|
ate NG]EQA_IVA-IQIEVGEMAI 54
3 (xP_022023437.1) - - MEDQANISN VAR IENEE SYNI OL NVIEGYESNVHTRRUEEVEABIVYEAY 54
B (XP_023759627.1) N@EPTMILVII-HIE JIKEGMESDDETRRVP BMGEEAAGH\S I
GRSl Z SR DI Y O\ SIOXNA TS SNNASILP SS'S E RSSSSA LIGRINUK EGMESDDEIRR VP BMGIEAAGEYS]

FAE (PWA35981.1) GSGREIGIVHH[I 4V OENEGEN 4G ONPADKENKRLK RLIRNRIVSIAIQQAR ERIK K JEHS
I (XP 024984794.1>G NESAUAIP AVOECINENGEIN NG PIADKENKRLKRILRNR[VSIAJQQARER KK BETH
an - GYVIHRDRMOGTNVE - PRRKEK S NN ENEINIRRINARACIOINBIN AN 104
MH% (XP_022023437. 1)VSGRETGIVmHmDRmGSAE@GTRRK@KN[ﬂMD- KRLKRLLRNRIVSIAJOOARERKK RS
s (xp_023759627.1)  VSGGDTGY GAGRIDRIYES SNVE - S RKRER THANENINERRINI A GOV EINAY 100
#iH%5 (KADS508438.1) VSGRETS S VINRIDRIMOGS AE € - TRRKEKNEAD BN -[-a 109

Eovia GV YOI A Y RTEILENUR VKIDIBEKKNSEIJHERIBS TLONENOMLRH[ILKNITAG 158
IES INOGHZELZYCYERIA YT MIEILIEAUR VK AMEKKNSEMEIERISTLONENOMURHILKNITAG 152
e IIIVLIIV] STLONEN ’l]. ' 152
H 3 (XP_022023437.1) YL‘ MELVE RISTILC @ME‘J] 158
BB (XP_023759627.1) 157
WH% (KAD5508438.1) 157

B 5, BEERARE A IIREX IR, BN RRTERERL T, TN e IR 4

Ik

eBlack spot indicates a serine residue that is predicted to be phosphorylated by CKII; The basic regionis is overlined; *Asterisks indicate the heptad

repeat of leucines in the leucine repetitive region; The box indicates leucine zipper domain

5 LIIEFEMIEYN HYS ZEAZFFILET
Fig. 5 Multiple sequence alignment of HY5 protein from C. tinctorius and other plants

i MEME X RGEHEALH P 17 S HYS P oIt 2RGSC R BT A h B e G5 B AR L. 33E—
ATRERESH 3T, TR WIZE P51 1 AN 3 FefReF DB HRIL, ARSI, A
FEFTA 3 A P AU AR, 2P 5 A0 6 s, 2k
Fr5 R

FEMSE . TR e, ik 6 R 23ty 1. 2. 3 M6, XHUREENTTREA

FELLAERRSE B A7 A MR ESHRFAE AT LR . AL ZhEE (B 6).

Fig.

3.5

M H¥E (XP022023437.1) \ T s R

#H % (KAD5508438.1) | — E—
HAEE (PWA35981.1) \ I e
LIAWIS [ I
] (XP024984794.1) L |

|
\
BE (XP023759627.1) \ | I
ZH (XP011081579.1) \ | Eeeeaas |
|
|
[
|

JHE (XP009588348.1)

Tp4% (XP006361723.1)

I ]
— ]
% (NP001234820.1) —— I—
ﬂ)ﬁi% (NP568246.1) B D
{ HI3% (XP013678598.1) I I | I
E )X (NP001284656.1) \ —— ]
SER (NP001280752.1) \ —— |———
EK (NP001152483.1)
5T (QGQ60478.1)

— 3 4 5 6
0.02 e S e .

6 TNEEYET HYS EBRFIRTEERGE MR RRES T

6 A neighbor-joining phylogenetic tree and motif prediction of different plants based on amino acid sequences of HY5

CtHY5 ERERIEDH 8, b REERS, HIXREHFAZE, ERF
FIH RT-PCR il CtHYS BRI HFHLA R RiAERMK, HHAGLENE R FEF CtHYS &
15, g BN CtHYS BRI AALHFER HREAEHHERETAOLIE (P<0.0D) (K 7-A).

MIRRTIE F 5L HYS — 4, 5 4 MEHREFE,
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*Indicates significant difference, P<<0.05, ™" indicates extremely significant difference, P<<0.01
7 CtHY5 EEEARREHLRAM (A) RELENAREIE (B) HXIRIEDH
Fig. 7 Relative expression analysis of CtHY5 gene in different tissues (A) and different stages (B) of flower development

XF CtHY5 JERITETE K & HIAS [R5 & 40 i
SRR, Aaibih 2 CtHYS ERRIAE
SN G ARG I RIS B, T Bl
16 fh 2 CtHYS 25 [R] 1 208 5 U] 52 B2 P I s 3
I REES, FHRMB G R+ CHYS
RERMREEERA G TAOAE, SIS RE
N, EEFIL BN R CtHYS B R IA =
HEWREIM S1. S4 A1 S6 M ZE R EE (P<
0.01), S2 f1 S5 =R 3 (P<<0.05), S3 %
FSARPE (K7-B).

4 TIig

HY5 J& T bZIP Kk H1 Kk, &5 =2
BT AR, HYS MF G R RO
HAEFWHE T, ENETEaeh kK IEEEEZME
FHRY-22, ARYE AT AL S A P s, A 9 e B 1S
F|— HY5 ZE[F cDNA F1 DNA &K 55, H
DNA 7 BA 4 NMMRTFR 3NN E T AWER
2o MTEoR, CHHYS 5K MEE R, —RaiiE
B o0 E ZH SORT TG R 2, AN /D i B-
Pr @ A fEE, =M INER CtHYS FEH 24
FEIOR, JF HUARVE = RARIE AFAE . AN
REoMT R, ZEAEM Tz, X 5HER
R Mk — 3, IXEesE RS O iRIE R =3
TrFEH HYS Z b 2h A —Fe 22,

FEAy M0, 2048 HY5 FE R 4 153 Mo dk
R, SR IT BRI HYS A HLE IR 7 51
RO (1 16,221 B (g A T o R B, 5
TEE R HYS AN, CtHYS EHMEEEE
RiG. TJFH N Ky, XATREZER CtHYS &

PR HYS [RIVE S AR R R R 2 —
FHH, HY5 A N IS A — MBS E H A (casein
kinase 11D FIBEERILAL A, ZALS LS EF E3 iz
#OE H B W M M COPL  ( constitutively
photomorphogenic 1) & EEME/EH. COPL 5
HY5 TEMEYIAE S S IERMER, fERBRE%A
N, COP1#kNANHEZ S HYS HAEIISHEZ #=1k, If
et 26S H AN e Mg, MR, HY5
B IFARRLG IR 2 5 Hopth A= P s 7 ol i AR 2324
A CtHYS HH A A COPL & H BRI AL A,
KW RHEL AT HYS oK T Reilfiid 5 COPL & A
HAEZ5HEYE S EBETTERE.

HINBEFURI, HY5 W] LUELHEIIZ) 3 000 /M2
RIfIRIA, HYS5 B A LUEIT I DNA 2568538 H
Bt G R 31 X IR R R R AR A, IX e
Jii = JC 4 B #E T/G box ( CACGTT ), E-box
(CAATTG), GATA-box (GATGATA ), ACE-box
(ACGT), Z-box (ATACGGT), C-box (GTCANND,
hybrid C/G (G) A1 C/A boxes, iBid4h& T & XL
TR 2 SHEYDUE S AT e
(] BRI MR A5 5 A B 25 281,
T TSR B, HYS 5 [RIE AR A0 455 1 3 g 97 o
W E A EENEN, EF&AMT, HYS5 &nT IR
T EEATAMNAE 58BN T CBF (C-repeat
binding factors) J& K 5 5 X misuE Hgkik, M
W BRI A PR FERL RS ST B A I,
HY5 1] L4 & F ELIP2 EE R 27 1 — AN I
Iz ek B (GGCCACGCCA) b iffikiZst 7
A0, ARG T R, NI Y
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(R HUAE S 21281 ACHIE 5 o B 1Y) CtHY'S o H A7 H gt
B DNA 4564538, ST, HmSEy—
FE, G5 AL T CtHYS & B X S, 3T
HEERTFHEA®mENRTNE, @ddtesE
PCR 43#T KB, CtHYS5 JEKELLILHIMR . 25, M.
B RIS A REU AL RIL, AR T,
AtHYS 7EAR. FIEHE. ZERTES Bt R A Rl Y
FKik, KEMWIFEY, AHYS RS 5RO
AR MRRE. £ RAEEYNE 244
PRI AR, X R CtHYS e Al fES 54 ie
KRG ZA B R,

HYS FEMEY) o2 A6 i R 35 &5
BAER, HYS vl UL EBE & TR E RAEDE
HOEAAH KK CHSL. DFR 3R 1 15 3 7 [X 15,
ACE Juff b, X SR )ik, théh, HYS5
BERIL RS bR E IR PSY R4 1A
£ LHCA4. PORC. GUNS ik, Ny THRZE
CtHY5 B R IEA Lt R i e, A
XF CtHYS JERIFE 2 DMAFEFE L AL RIAF
2. LR BAFR R AR AT T 00, 45
RRE CHHYS B FE A AR R R A
ZURA AR, JF HBEE TR B 3R SRR 21
s, JFHEERIE A ERmaies 2P mRA
BEPE & TEIREENT AL Rd, XA
CtHY5 AIREZ 5 T b b 1A R 2R ¥
AR, EILEEPLE TR F T Y, KNG
4 CtHYS R4 Ae e e R HLHIBR A 1 I8

RBAE FIAEHHFEARGEF SR
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