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The characteristics and functions of CtXTHL1: the gene boosts
the corolla elongation in safflower
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Abstract: In this study, 13 xyloglucan endotransglycosylases/hydrolases (XTHs) and 8 expansin (EXPs) were
screened from safflower floret transcriptome database. Through correlation analysis between the safflower gene
expression profile chip and the corolla development, only 4 XTHs (CtXTH1-4) and 1 EXP (CtEXP1) have positive
relevance with corolla elongation (r=0.60) and were therefore validated by gRT-PCR. The full length of these
genes were cloned by RACE. According to the bioinformatic analysis, CtXTH1 correlated with the development of
the floret, and the expression pattern analysis indicated that CtXTH1 had accumulated in the floret. The recombinant
vector (pMT39-CtXTH1) was constructed for gene transformation. Overexpression of CtXTH1 significantly increased
the corolla length (about 5.34% to 10.25%) and corolla weight (about 30.00% to 36.02%) in transgenic safflower.
The overexpression lines also showed an increasing tendency in the weight of seeds, average number of corollas
per cone and average number of seeds in each cone. Meanwhile, overexpression of CtXTH1 had no significant effect
on flavonoids. According to the corolla microstructure, the OV X-line tubular part of floret exhibited a looser and
irregular character. These data suggested that CtXTH1 can potentially increase relaxation of the tissues and boost
corolla elongation. Our study provides a valuable clue for plant breeding in the future.

Key words: safflower; CtXTH1; corolla length; transgenic

ek [ #: 2019-02-25; &l H13: 2019-03-27.

FGWH : F K A RF - RGBT E (81473300, 81173484); Ll 1y F AR L & BT B H (13ZR1448200); “863” [ X ¥ A A Jig it %l (2008AA027137).
*JE A fE Tel: 86-21-81871312, E-mail: mlguo@126.com; gaoyue2000@hotmail.com

DOI: 10.16438/j.0513-4870.2019-0130



VISR ARAEe KA 5 S R CEXTHL BURRAE 5 ThRERTE 7T + 1133 -

21 4% (Carthamus tinctorius L.) /& —Fp 8 Z [ £ 5
TEYD . HAE 7 BATE MALFE DD 2%, [\ E 2 1R I R
8 JE ARk IR 21 T £ A i SV il R 7 B v A 71%~ 75%8,
fe AR R . S ARIE, 2014 4 e ERZLAE AR
AR 2909 116.8 J3 A B, 4876 7 89 2.5 J30g, F1- 7= &
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Table 1 Gene characteristics of four CtXTHs and CtEXP1 proteins from safflower

Name Full-length/bp CDS/bp Star Stop ORF (aa) Mass/Da pl Molecular formula
CtXTH1 1167 888 27 914 295 33623.91 5.98 Cre1sH 265N 162041514
CEXTH2 1250 1050 43 1092 349 40 653.21 8.86 CsrH50sN 1610526512
CIXTH3 1107 864 25 888 287 33033.53 8.18 CreosHaoNiosOureSis
CtXTH4 1353 876 252 1127 291 32 630.27 8.41 ChassHa106N 06013055
CtEXP1 1136 780 2 781 259 27 792.06 7.56 CoosoH1N 510575814

Corolla length Re SRR KEH KB, CIXTH2 & T KR, 5w
CIXTHI 0.8575 JF AtXTH29. AtXTH30 H A & B [A 8 P, AtXTH29.
CtXTH2 0.8056 e e
CLXTH3 0.6503 AXTH30 TELEE IF IR 28 A R IR A 25 h B
et o Bk, HEW ST 4T R RO K. Bl
CIXTHG6 202250 I+ AtEXPs %t (Rl 4 %Il 73 9 34N W 3R 8 CtEXPL J& T
i podiic EXPA T 5 %, 54Ul 7+ AtEXP2 AtEXP8 H A 8 % 7]
CIXTHY 09994 JEAE, AtEXP2 AtEXP8 75 K 2 B M1 rhis K4, I RE S

CLXTHIO -0.7036

CIXTHII 20,0591 71 R % B e A oe e,

CIXTHI?2 -0.7994 SR 2\ 4

CIXTHI3 0.7995 3 RIERASH )
CHEXPI 0.7070 RIE A5 B 0, NNk 1 1) 4 1> CtXTHSs
CIEXP2 0.6482 .
CHEXP3 i 1 CLEXPL HE K] 2 i 47 46 531k, TR, 35— 35 % Fo 4140
E’::::“‘ 29‘:(’" RIBFFAEBEAT 404 45 K B CtXTHs Al CLEXPLEA

1EXPS -0.9165

ClEXP6 20,7781 RANPHEEERRKIE, RIUEAFRMFRZHEA (E
P e 3). CHXTHL{EfL b IA B R m, 20 MR v ) 73.4 i,

Figure 1  Heatmap for Pearson correlation analysis between

the signal values by gene chip and corolla length with the floret
development. The color key was set from -1 to +1. r=0.60

CtXTH2 JofE T ik; B BTA B K378 N-R o B A 57K
X dk, 75 C- A iy KA 2 /K X 38 15 B X 4 #r &R
CtXTH1. CtXTH2 F1 CtEXP1 # H 5 TMhelix 45 ¥,
CtXTH3 il CtXTH4{X B A5 outside £5 14 . 2L &5 #4 Tl
R 7R e RS 3Fh — 450y a B2 iE S i
AVIEABE, I H IC A i (1) L 51 >50%, 1M 1% 45 44 18 &
PN READ TS A EEM S . 8L DNA-
MAN % £ 41| Lb X6 55 7R 7 XTHSs A1 EXPs 3 [R 52 1 ) {4
SEAL S RIS X, I3 F phyre 2.0 Tl 1 8% (1 = 20 45
P o T = 20450 R B CEXTHSs 2 R B A H1 6 4 8 1
P8Ik, B A = A a8 — 5, R AR )
R IF XL -psip-1 (DPBB) 4514 . R4 K B W45 R BIR
(K 2) 4/~ CtXTHSs # kil 43 2] 3 /™ XTHs 2 [K 7 5% ik 2Y,
CtXTHL #1 CtXTH3 J& T W X &1, 55 L B 7+ AtXTH6.
AIXTH7 B A & B A5, T AXTH6E L AXTH7 76 4L 7
FrAE ER Rk, TS SEKRAEKZ A
B, UHAEE K A pie28l, CIXTHA & T Kk, 5
LR 7+ AXTHL5 AtXTH16 EL A = % ] Y 1, AXTH15.
AtXTH16 7E 8L B 7+ AR 7 I ik 0 Je s ik, ]

FORAER R RIE BB, 209 1) 23.86 fi%, T 7E
2K RS R R R A K SR AL, CEXTH2
15 B A6 Gy o~ o %) F A A7 250 =i R 08, fE
J v R B A AR R R IA S 3.01 %, 7E YR T
RIA BRI, LA T RIEEM 1/45, FEhRIL &
ZINME I 1/3. %FF CIXTH3. CtXTH4 L & CtEXP1,
EATFERR T35 HA B m R IE 7K, CIXTHALELE 1 1)
RIEKFPRZ, ABSCNIR PRI SR 111, &)
RIEFAK. KT CXTHS, & AL (2R IE /N TR
RILE, LR U4, EHEMT T, RIEAKFBAL, 48
R b Rk B 1/82. X4 CtEXPL, B T AEAR o B
R IEA, AEM L AL T G AR R Rk, 4
AR PRI ) 13 2 112, fE iR T P B R IA KT B
i, AR A ik KT 19 1/36. (Kb, $E 1 CEXTHL A]
REAEAE K B R HE RBEAEHT, [A A CIXTHA 7] BE 7E R
RRE PR EEEM, CIXTH2 0] BEEE A K Bk
FEAER, JUHRAEM iR Bk, CIXTH3 W REFE AR
RREPEEZER, JEH T REEmAER R E, M T
CtEXP1, H.IjREZEMLT CIXTH3.

236 7% J8 Pearson AH < 70 M VAL WE B 0 B AR
AR Hr g SR A CEXTHA 7] fE 2 52 i 18 76t {1 K
(OGS R IR o DR A D H bR R IR, o 41 A8 0 A%
b7 ikt — SR s K ThRg
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Figure 2 A: Phylogenetic tree constructed by the neighbor-joining method using amino acids of XTHs from safflower and Arabidopsis

thaliana. B: Phylogenetic tree constructed by the neighbor-joining method using amino acids of EXPs from safflower and Arabidopsis thaliana
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Figure 3 The expression patterns of XTHs and EXPs in safflower
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Figure 4 A: Transcript levels in negative control (CK) and Contig4l over-expression safflower as determined by qRT-PCR. Each over-

expression safflower line vs CK-group, error bar is mean + SD, ""P<0.01. B: The corolla length in negative control (CK) and Contig41 over-

expression safflower. Each over-expression safflower line vs CK-group, error bar is mean + SD, "P<0.01. C: The abridged general view of

inflorescences in negative control (CK) line and CtXTH1 over-expression safflower lines
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Figure 5 Flower and fruit traits in negative control (CK) and CtXTH1 over-expression safflower. A: The number of cones per plant in

negative control (CK) and CtXTH1 over-expression safflower. B: The diameter of cones in negative control (CK) and CtXTH1 over-expres-

sion safflower lines. C and D: The number and weight of corollas per cone in negative control (CK) and CtXTH1 over-expression safflower

lines. E and F: The number and weight of seeds per cone in negative control (CK) and CtXTH1 over-expression safflower lines. For A, over-

expression safflower group vs CK-group; For B-F, each over-expression safflower line vs CK-group. error bar is mean + SEM, for CK group

SEM means biological duplication, while over-expression safflower lines mean technical duplication, "P<0.05
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Figure 6 A: Transverse sections of the tissue in negative control
(CK) and CtXTH1 over-expression safflower. B: Longitudinal
sections of the tissue in negative control (CK) and CtXTH1 over-
expression safflower
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Levels of flavonoid compounds in negative control (CK) and CtXTH1 over-expression safflower determined by UPLC-MS

analysis. The over-expression safflower line vs CK-group, error bar is mean + SD, "P<0.01
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