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Cloning and function analysis of CtWRKY7 and CtWRKY72 genes from Carthamus tinctorius 1LU
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Huizhen™ (Institute of Chinese Herbel Medicines, Henan Academy of Agricultural Sciences, Zhengzhou
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Abstract; Based on previous identification result of the WRKY gene family of Carthamus tinctorius Linn. ,
CtWRKY7 and CtWRKY72 genes were cloned from C. tinctorius by RT-PCR technology. The protein
coding sequences (CDS) of CtWRKY7 and CtWRKY72 genes are 600 and 861 bp in length, and their
full-length sequences all contain 3 exons and 2 introns. CtWRKY7 and CtWRKY72 proteins have 199 and
286 amino acid residues respectively, both of them have no transmembrane structures or signal peptides,
with nuclear localization, major random coils of secondary structure, and loose tertiary structure. Multiple
sequence alignment and phylogenetic analysis results show that CtWRKY7 is most closely related to
CmWRKY15 from Chrysanthemum X morifolium ( Ramat.) Hemsl. and LsWRKY 18 from Lactuca sativa
var. angustata Irish ex Bremer, which all belong to class Il a WRKY ; CtWRKY72 is most closely related
to AtWRKY70 and AtWRKY54 from Arabidopsis thaliana (Linn.) Heynh., which all belong to class I
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WRKY. Promoter analysis result shows that both CiWRKY7 and CiWRKY72 contain multiple adversity
stress response elements in their promoters, and CtWRKY7 has W-box in its promoter, while CtWRKY72
has no W-box in its promoter. Gene expression analysis result shows that CtWRKY7 and CtWRKY72 are
expressed in different tissues of C. tinctorius, in which, the expression of CiWRKY7 is the highest in
roots, and that of CtWRKY72 is the highest in leaves. Their expressions gradually decrease during the
formation process of flower tissues, and gradually increase during the process of flower blooming.
Furthermore, both CiWRKY7 and CiWRKY72 response to various adversity stresses and exogenous
hormone induction, but their expression patterns are different, with overall upregulation, except for
downregulation of CtWRKY7 after exogenous ABA induction. In conclusion, CtWRKY7 and CtWRKY72
can be involved in the early development and senescence processes of C. tinctorius flowers. CtWRKY7 can
self-regulate or cross-regulate with other WRKY proteins; moreover, both CtWRKY7 and CtWRKY72 can

respond to various adversity stresses, but their mechanisms are different.

Key words: Carthamus tinctorius Linn.; WRKY; expression pattern; flower development; adversity

stress

ANVIa ( Carthamus tinctorius Linn.) N3 B
( Asteraceae ) ZL {6 )& ( Carthamus Linn.) —4F A= X
BATEY), IR AL N b E AR G 25 4, 25 P s
1K 2 100 245, HATHOR LR 2080 LBk L 98 35 4
PEN B INR  LLAEE R R TR S, T T
B B AR TR AR BT T 5 W s il A e R
SEARA Wy 38 TR A R BT S 23 52 R I Y T
1 B, LR Ry e — b A, A &
22 T UMD ol A A DR S P D T ) T R AR
TR o AZHRATF & LLAE R S BT B A B T4 &
CLAERAR ZPERE , MO L0 AE By i 1, I ] I T HoA
KAV 4 v Hopt i v, 7e R W 0 3 ke R F ST Kb
Y w5 B A W s R, IR oA o 5 8
Th B8 LAl
e SR PR X T R PR R R A O E L TR )
Xof AR I w5 BT BRI, WRKY #% 5% [
T FE MY R e S R e A
[ AR R o R v 4% B D RE, AN 1 A R B
K FFAER Y RS R A Ak,
VFZWFFE B WRKY 5% s R T 7E AR P o0 A= By Ak A
Yy e e 157 vh -t e A B AT, ELRET 2 S
S E 2 R E e/ L SN R R R B UN A ]
an . Wit T #E B ( Verbena bonariensis Linn.) VOWRKY32
(3t 2 3 B3R A B 9 T FEED 5 3 ( Solanum
lycopersicum Linn.) SIWRKY81 FUTERIG 58 T A AR X+
B T Az R #E 8BS T [ Arabidopsis  thaliana
(Linn.) Heynh.) F#:2L( Pyrus betulifolia Bunge ) H 3
1K POWRKY40 R LS5 0L I AR R AT B s 21
ZUGER A AOBTPE , TTTER 25 DR) D) (A 8 5 2

2%k £ ol 30 T AURE T BB [ Citrus sinensis ( Linn. )
Osbeck ) /' CsWRKY33 13456 B 5 )5 T W-box
PR R T R A AR A AR 25 0 i A2 T T R A
1% 5t 5 3 #25 BE AE ( Gossypium hirsutum Linn.)
GhWRKY3 TEJ I f= Je iy 3k & 3% M, Rk
ZIKHER(SA) KATER F i (MeJA) | JBLI5 T2 (ABA)
e X5 S 348 [ Chrysanthemum X morifolium
(Ramat.) Hemsl.) CmWRKY1 TEEEWhia AR MHIA /K
MWk K BRI TR LA 250 TR R Y Je ik B TR
e ek J 360 RAIL AR 5405 S R Ak R AR o Ak v R
( Citrullus lanatus (Thunb.) Matsum. et Nakai ) WRKY Il
KGR CIWRKY20 T 3 e 40 R 7 A AR T R A 3R oy
3 2

A% 1 A WRKY # K 5L SPFT A H &
( Dioscorea esculenta (Lour.) Burkill ) F#% 53 B A1 % 58
LU, BT, HAUAR Y ORI 2 1) WRKY KPR 153 1
Wit SRTLLAE T WRKY 1 50 e S R H0 e A5 4138
2019 4F, Sivakumar 2"V 3 EST B 4E XL AE P Y
21 4> CtWRKYs HEAT T Z ¥ He Xt A1 R Ge Ak At
IR T 5 4> CtWRKY's ZhHE P 7EAE A W T 9
Pk AHIF AR I R AT O R SR AW ST, Ry itk —
WFFELLAE CLWRKYs (9 D RE AT , AW S AR 1
IXFLLAE WRKY PR Z 5 % 5 i HeAl | Fige i 2
RSt HESE COWRKY7 I CeWRKY72 , Sl T HAE 1%
Gty P51 (CDS) , I kAT TAEMME Bt (ZE I
XF e B GE AL 3B Kl X 2 A EEPIFEAS R 41 21
MR R IR 7 HARARIR T 5 R e T &
MeJA 5|2, (TAA ) \ABA 75 5 A9 W0 02 195 45, A
WM TRASRBTL AL WRKY 56 55 H -1 D) e K i B 21
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TEHCE RS TR S %
1 MEFT %

1.1

HEAA R AL AP B2 40 4E 4 %5 (¢ Yuhonghua
No. 47 ) i p A AN FHEBE R H BT A% E, T
2021 4F 10 H N A4 A0 1w 24 AL Bl 2# B AR &
W5 R S, REZ K E 4~ 6 ML), R4
YR 25 o BAE IR R DO TR & B
WML, DL LRER YN 5 BRIERR IR AR, TAGHE R
J& T =80 CUkAaHI-AE A,

PRI FFRLARG R/ — B B4 qE 4 5 BT
R TRAEA ML T, K2F 6 d IS4 Nig
APEGE A SRK AR SR, #53% 2 Hoagland 5 57
WK R: 2 AR SRR S — B 4 43 il #5
A AR T35 10% PEG6000 . 100 mmol - L™
NaCl 100 pmol - L™ MeJA 100 wmol « L' TAA 100
pmol + L™ ABA ) Hoagland 7 #9145 5% ; IR AL
B SR 4 CHEFRA D A3 BIAEAL ] 0 (XF
MH) 3.6.,12.24 i1 48 h U R N 1) 155 3 Aot
RS BRI S RIS, AR A T R R B &
-80 CUKFEIRAE A, SE8e TG R F-46
HEAT  HEFRAAF AT R (25+2) C, = SARX R
60% ~70% , YEHEEE 10 000 Ix, YEHARFE] 16 h - d7',
1.2 FHik
1.2.1 % RNA 2B cDNA &8k FR BRI Sl
7R SR ELT AR AR 25 i TS B[R AE A
JEALFRFE R RNA, R A/ Ay 1.8~2.0,
i1 wg IR RNA 85 ¢DNA
1.2.2 By AR e LIRS T 204648 e 5%
27 ARTFY unigene J7 582 % 7 41, {#i H Primer
Premier 5 B4 5EiTR S E 519 ( #*1 ), PLC B a4k
45> F F cDNA AR, ffi ] GenStar /55 7 FL il (]
M EMAEYHARA AT #47 PCR ¥4, [ ik
ZRERF 50 pl, f1 7% 2 X SuperStar Plus PCR Mix
25 pL.cDNA 4 wL .10 wmol - L' 1F [ FlJZ [ 51 9 4%
3 pL.ddH,0 15 plL, SN FE)7 .98 C FilAs # 30 s;
98 C7A8 Mk 10 5,55 “CiE & 30 s.72 CZEH 1 min, 3L
35 MIEHR ;72 CLIEAH 8 min, Ff PCR 414 7= ¥
WESCHR[ 17 ] 897 B 64T TA SR J5 26 000 B 14 7 AR 9
FARAFMT

F1 BT CtWRKY7 1 CtWRKY72 CDS ¥ 18 F1 5 FE Rk S #r i
k)2

Table 1 Primer sequences used for CDS amplification and gene
expression analysis of CtWRKY7 and CtWRKY72 from Carthamus
tinctorius Linn.

5|¥) 4 % Primer name
CDS ¥"#% CDS amplification

5| ¥ 51 Primer sequence (5'—3")

CtWRKY7-F ATGCTTACGATCATATGGGACCA
CtWRKY7-R TTACAAATCGAATTCCAGAATCCTA
CtWRKY72-F ATGATGGAAACATCATCATCACC
CtWRKY72-R TTATAAAAATACGTTTTCTTCAAACTTG
FEF LI HT Gene expression analysis
qCtWRKY7-F AGGAGAGCACAACCACAAAA
qCtWRKY7-R AGTAGAAATGGCAGCAGCAA
qCtWRKY72-F TGCAGGTTCAGCTTGTTCC
qCtWRKY72-R AATCTTCGGTTTTCCGTCTT
Ci60S-F TGGAGCTCATCAAGAAGGG
Ct60S-R GGTAAGGACCACAAGACCGTA

123 ABREEFHH A5 HIYEEN FASTA #H
ZAFRRIT S A DNAMAN 6.0 5 {4, b 3 45 % 1 4
FEWR P ) AT TN 5 2 1 BT A A BT A
JREZE AR A = BRI 228 SCHk [ 17 ] /9 5 vk . 1
Plant—mPLoc 7E £k 84 (http: // www. esbio. sjtu. edu.
en/bioinf/ plant-multi/ ) TN £ 11 57 4 7 240 ffd 2 7 1%
Bl HMFFA3RI CDS Fp 4 5 L1 A6 5L PR 20 0Hks He )
JE A3 EARNYE ) 3 2 7 81, $2 52 GSDS2.0 e £k 4k fF
(http://gsds.gao—lab.org/) PEATRE R 548 43 Hr . Al
SWISS-MODEL 7£ £ {F ( https : Vi swissmodel. expasy.
org/interactive ) 9N H B 3 Bl J i 2 11 0T A = G 45
¥ ;8 F PlantCARE 7828 4K F (http : // bioinformatics.
psb.ugent.be/webtools/ plantcare/html/ ) 7341 )J5 &
B AE F e R, 384t NCBT £ds 22 4 & Scik b
A8 T e Y H At FE ¥ WRKY 4 582 )7 51, 1
DNAMAN 6.0 FPFHEA TR IERR Y 51 Z2 5 L xt o i, OF
ffiH MEGA 6.0 # {4+ () Neighbor — joining 7 #4) £
WRKY #5119 R G AL, bootstrap {H1% 4 1 000,

1.2.4 SR E PCR 247 ARAEIF 445 1
CDS JE A AR SF X 48, {8 A Primer Premier 5 30 {F 1%
TR SOt PCR 5191 (K 1), LILLAE Ci60S 1E
WNZIEH . P88 W AE QIAquant 96 2 plex real—time
Detection System 1 #% (2 EPIALY TRARAH)
LR, AR R B 10.0 pL, 7% MonAmp™
SYBR® Green qPCR Mix 5.0 wL,.cDNA (10x) 1.0
L 10 wmol « L™ 1E W] A1 2 0] 51 49 4% 0.3 L. Rnase
free ddH,0 3.4 pL., R FEF:95 C FlAE 14 30 s;
95 CZEME 10 5,60 CiRK 30 s, 3k 40 DMEH, FA
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FESRE 3 AN EY TS 3 AN ARER , RA] 270
AN ffiF IBM SPSS Statistics 20 %k
AT 22 57 W T

2 HERFM

2.1 CtWRKY7 1 CtWRKY72 EE B =&
S

vebERH RN G, 200 5 LX) E CtWRKY7
H CtWRKY72 1) CDS J¥5H FE 431124 600 1 861 bp,,
SE 25 M o 45 2R (K 1) B GWRKY7 il
CtWRKY72 2K P HIAH 225K, K B3 5128 1 390 Fil
2 660 bp, 015 3 MM TR 2 ANNE T, RIS
GT-AG ¥,

CHWRKY7 | - — 200 bp
1 231 596712 11391390 AR RSB
ATG Nucleotide sequence length
CtWRKY72,h, - —
1 317 746 847 2219 2660
- SN Exon; —: N F Intron.

Bl 1 41 CtWRKY7 0 CtWRKY72 BRI
Fig. 1 Structure of CtWRKY7 and CtWRKY72 genes from Carthamus
tinctorius Linn.

2.2 CtWRKY7 1 CtWRKY72 EER&EWMEERF
X

22,1 AAREAWFSH R (EK2) B,
CtWRKY7 #l CtWRKY72 25155 199 F1 286 4~ 4 3
FR5% L, CtWRKY7 1 CtWRKY72 ) BRiE AH X% 73 1
JE RN 22 977.65 Fil 31 985.62, FHIE S5, 5435l
SArpl 9.39 Fl pl 6.33; G- R K EE Y R TAE, AR
SEFEBII R T 40, W] CtWRKY7 1 CtWRKY72 #1°4
AEEE B SR KPR B B, 93 A, GEWRKY7 Al
CtWRKY72 ¥IARAETE RS A5G 38 HAS 5 (55 K 22

%2 47 CtWRKY7 #1 CtWRKY72 E AL ERY

Table 2 Physical and chemical properties of CtWRKY7 and
CtWRKY72 proteins from Carthamus tinctorius Linn.")
FE H Protein n m pl GRAVY I
CtWRKY7 199 22 977.65 9.39 -0.998 50.52
CtWRKY72 286 31 985.62 6.33 -0.670 49.76

D, BIERREHFEE Amino acid residue number; m: FEIEHIXS 4T )5
5 Theoretical relative molecular mass; pl: Fi %5 HL 55 Theoretical
isoelectric point; GRAVY . SO 24 28 K M Grand average of
hydropathicity; T; REEFEE Instability index.

it A7 T 45 SR W s A S TR A
222 “HMod B AR TSR (K 2-
A) BR . CEWRKY7 F1 CtWRKY72 B 4540 7o/ )
7 LEARCHARL, TR it o5 s K (43512 52.26% Fil
54.90%) , o YR BE 7 LB K (5 Bk 31.16% F
23.43%) , HE A& &7 RN (43 S0 13.07%
15.03%) ,B $7& h et/ N (53900 3.52% 1 6.64%) .,
R 3E 8] ( Cynara scolymus Linn.) AOA124SD22
F1 A0OA124SGQ1 1 AR, F] ] SWISS-MODEL i
MFFFEE CEOWRKY7 F CeWRKY72 (1) = 45 Fg #i i |
CIWRKY7 HI CtWRKY72 58 # 1Y) 28 5L 12 I3 1) AH AL
PR3 514 79.08% 1 84.81% , GMQE {E43-51 4 0.77 il
0.62, RIITIM L5 R AT EE . 4nf&l 2-B iz, CtWRKY7
I CtWRKY72 1 JC LA ih BT o5 Lo 5] 4 K, 34 2o
50% , K I B0 = A5 0 A AN, v 134 e ORI
AN—RPEATH B P& Y i ALl 45 (8], 7T 5 DNA 4¥
SFHNGES . A, CEWRKY7 B N 3l C St SEiEER
LU o BEJE, T CtWRKY72 {U N 355 o WEJE
223 HABFIT 5K 3) BN CEWRKY7
F CtWRKY72 #B % A1 55 BE O ~F (1) WRKY 45 14 3
(WRKYGQK) , CtWRKY7 52§46 CmWRKY15 f#9 [A]
PERAN ey | 9 — 3t 45.09% , &4 CX,CX,,HNH
RUVBEPR 25 M3, J& T T a 28 WRKY,, CtWRKY72 5l

A CtWRKY7

e

‘ HHHHHHHHHHHHm I \I (I \HI\ \HH\HHHH‘I‘H‘H\HHH\H\HI‘HHH\HHH}
20 40 60 80 100 120 140 160 180

CtWRKY72
‘ L[l \HH HH‘ \‘ H HH‘ ll ‘\ 1l HHH HH‘ H‘H\ g ‘\ IO “ H‘H ‘ | \“H\IHIH|H|HH‘ ”m“m‘m‘”m” n IH|H un; H (I M‘ LN H (I U\HHHH ‘HH‘ “ fl \HH H‘ |
50 160 1 éO 260 250
FILRALE  Amino acid position
—: olZiE o-helix; . piTE p-sheet; —: FEMPEE Extended strand,
—: JeH Al Random coil.
B CtWRKY7 _ CtWRKY72 N
/gmhé BT ‘ \_R)T;g)”uﬁﬂﬂ il
SN f-sheet = ‘Random coi
SR e peheet it
\ZZ Random coil P\ /& ) yo-helix
i @ jt- 1
-helix 7 S
¢ T NI
N2t Fay 3, L g ) N-terminal domain
N-terminal domain M Ay
CImah bk o

Chiy 45 a3,
C-terminal domain

C-terminal domain
B2 4 CtWRKY7 1 CtWRKY72 EAMZHEH (A) M=FKE
#(B) B

Fig. 2 Prediction of secondary structure (A) and tertiary structure
(B) of CtWRKY7 and CtWRKY72 proteins from Carthamus
tinctorius Linn.
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CtWRKY7
CmWRKY 15
LsWRKY 18
GhWRKY40
VpWRKY3
PIWRK Y40

CtWRKY72
CrWRKY]
AtWRKY70 [BA . F
OsWRKY45
VpWRKY]
AtWRKY54 [BR.Y

WRKYGQK

Ct: ZL4E Carthamus tinctorius Linn.; Cm; 2§46 Chrysanthemum X morifolium ( Ramat.) Hemsl. ;

WRKYGQKIBNEMNEFE Y [JRCTH PTQGEKRT

RCDDDPASYRVTN|1 € R4k RDP ATAPII 186
TEEEPPMYK TINHECRI@K SMLKS ... 201
KQDQDSEMFQ I Tj{1 €IS T ANDQT . .. 217

CX7CXHTC

KVELEPKMFS 1 EHT( NTNAET 185

b . .
. B 9F Lactuca sativa var. angustata Irish ex Bremer;

Gh: Ki4E Gossypium hirsutum Linn.; Vp: €K% Vitis pseudoreticulata W. T. Wang; Pl; "J?JA Puwnia lactiflora Pall.; Cr; K& AE Catharanthus roseus
(Linn.) G. Don; At: fAF§IF Arabidopsis thaliana (Linn.) Heynh.; Os: /K Oryza sativa Linn.

3 £17 CtWRKY7 1 CtWRKY72 EH 5 H {1 #7 WRKY & BRFEEBZ 7SI L3S
Fig. 3 Multiple sequence alignment of conserved domains of CtWRKY7 and CtWRKY?72 proteins from Carthamus tinctorius Linn. with
WRKY proteins from other species

AT AtWRKY70 B[] 6 1 AH X f5e i, e 81— B0PE Ry
31.58% , & A CX,_,CX,, HTC BIEEH5 45 5, J& T 1
2 WRKY
224 FZunatieodr 4R (K 4) R CtWRKY7
Il a 28 WRKY 1 RE — &, HS %4k
CmWRKY 15 FI5 5% ( Lactuca sativa var. angustata Trish
ex Bremer) LsWRKY18 B /o N— 1, 4% L R &
IT, CtWRKY72 5#I# 7% AtWRKY70 F1 AtWRKY54
Rl —H, FEXLF i, 5% K84 (Vi
pseudoreticulata W. T. Wang ) VpWRKY1, % fE
CmWRKY 11 . KFH 1t ( Catharanthus roseus ( Linn.) G.
Don) CrWRKY1 [f]J& F I 2§ WRKY,
2.3 CtWRKY7 #1 CtWRKY72 EERIBHFHHR

25 (A 5) SR . CEWRKY7 Fl CeWRKY72 HEIR Ay
8 37 B Y41 & TATA -box Fl CAAT -box 25 LA
ool Ak, 2 MR sh 75 514 & A LTR  ARE
STRE 45 3 85 [0y 38 1 2 Je 44, ABRE , TCA — element |
TGACG—motif & % M h 7644 A S Box 4, G —Box
Spl ZEYEma R e, 1M ERE 02 -site ,W—box 5§ H A7
TET CtWRKY7 WA 8+, GC—motif \motif [ 55 HAF
16T CtWRKY72 (33 T+
2.4 CtWRKY7 1 CtWRKY72 EEEREHL
RiIESH

LURIR AT a5 R (F 6) 7w CtWRKY7 Hl

CtWRKY72 T 2L 6 1) % H R rh 3 F R ik, Hop,
CtWRKY7 FEAR i 1) AH X 23K 18 e i, 49 ) A2 25 it

99 — CmWRK Y40 (KM359570.1)
HaWRK Y40 (OTG16715.1)
PIWRK Y40 (KU891820.1)
GhWRK Y40 (AGX24945.1)
BnWRK Y40 (ACQ76806.1)
AtWRK Y40 (AEE36457.1)
VPWRKY3 (AEN71143.1)
ACtWRKY?
CmWRKY15 (AHC54620.1)
LsWRKY18 (XP 023768619.1)
HaWRK Y106 (OTG29889.1)
AtWRKY61 (NP 1733202) | 1Ib
AWRKY9 (NP 176982.1) |
CWRKY10 (KCOIS3641)
HaWRK Y74 (OTF93783.1)
CWRKY17(KMBSOST21)
HaWRK Y9 (OTG13997.1)
100 — GhWRK Y3 (ADO51775.1)
L HawrKY? (OTG234971) ]!
100 OsWRKY11 (DAA05076.1) T
lss— HaWRK Y1 (OTG22128 1) e
CmWRK Y48 (KM359571.1)
CrWRKY1 (ADTS2685.1) -
94 — VpWRKY1 (GQ884198.1)

[}

50 CmWRKY11 (AHC54616.1) m
50 ACtWRKY72
84 AtWRKY70 (AEE79517.1)
AtWRKYS54 (NP _181607.1)
Cm: %1t Chrysanthemum X morifolium ( Ramat.) Hemsl.; Ha: Ja] H 2%
Helianthus annuus Linn.; Pl; Aj 24 Paeonia lactiflora Pall.; Gh. Ff 1€

Gossypium hirsutum Linn. ; Bn; BRYHZE Brassica napus Linn.; At: 55
I% Arabidopsis thaliana ( Linn.) Heynh.; Vp: £ 7R i % Vs
pseudoreticulata W. T. Wang; Ct. Z14€ Carthamus tinctorius Linn. ; Ls: B
%% Lactuca sativa var. angustata Trish ex Bremer; Os: /K# Oryza sativa
Linn.; Cr; KF&AE Catharanthus roseus (Linn.) G. Don. 4332 F3UE N
H SRR (/NT 44 K 7R ) The values on the branches represent the
bootstrap value (less than 44 are not shown). &5 H1%i 54 GenBank &
%5 Nos. in the brackets are accession numbers in GenBank.

4 £ CtWRKY7 1 CtWRKY72 EQ 5 H ¥ 7 WRKY EH
B RGH L DT

Fig. 4 Phylogenetic analysis of CtWRKY7 and CtWRKY72 proteins
from Carthamus tinctorius Linn. and WRKY proteins from
other species
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¢ TCT-motif (F#R5rIEMI N TCF Part of light responsive elements) ; ¢; CAT-box ( 434 41 21 2 3K #H 5 42 TG4 Regulatory element related to meristem
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of light responsive elements) ; 0. GC-motif( Z 5 A RS S 281 5% T J6/F Enhancer-like element involved in anoxic specific inducibility ) ;
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Fig. 5 Analysis on cis-acting elements in promoters of CtWRKY7 and CtWRKY72 genes from Carthamus tinctorius Linn.
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Fig. 6 Expression analysis of CtWRKY7 and CtWRKY72 genes in
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Fig. 7 Expression analysis of CtWRKY7 and CtWRKY72 genes in
flowers at different development stages of Carthamus tinctorius Linn.
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Fig. 8 Expression pattern of CtWRKY7 ( the first line) and CtWRKY72 ( the second line) genes in leaves of
Carthamus tinctorius Linn. seedlings under different treatments
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