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Abstract: [Objective] The aim of this study is to reveal the mechanism by which overexpression of RAY1 gene
(CYC2-like genes) in Senecio vulgaris (Asteraceae) causes ray florets to broaden in varying degrees, and to
further explore the underlying causes. [Method] SvRAY1 gene was cloned and analyzed by bioinformatics,
gRT-PCR, construction of overexpression vector, SEM(scanning electron microscopy), and morphological
observation and statistics of transgenic plants. [Result] qRT-PCR reaction showed that SYRAY1 gene was
mainly expressed in ray florets and disc florets, with the highest expression level in the third and fourth stages
of ray floret. Morphological observation showed that the ray floret of SYRAY1 overexpression plant was
significantly shorter and wider than the wild type. The epidermal cells on the ventral side of the ray florets were

observed by SEM and it was found that the width of the line was significantly wider than that of the wild type.
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The cells at the distal end were tightly arranged, small and divided vigorously. Cell division along the central
axis was more vigorous than that of the wild type and the shape of cells changed from curved to smooth.
[Conclusion] During the development of S. vulgaris, SYRAY1 gene may promote cell division, and change the
morphology and arrangement of ray florets cells in varying degrees, resulting in the widening of the ray floret.
[Ch, 6 fig. 2 tab. 28 ref.]
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KN FLAEK Zea mays ) TEOSINTE BRANCHED1(TB1)., 4438 Antirrhinum majus () CYCLOIDEA
(CYC) F /K K Oryza sativa ] PROLIFERATING CELL FACTORS! FI PROLIFERATING CELL FACTORS2
(PCF1 Fl PCF2) 5L (/) B 7 Bk 44, 30 o 200 Jf 34 5 52 i) 0 A= 2 280 1% A i 428 il 4 40 A6 % Bk P w49
BELS TCP HEE A EH 1 N EERSTA) TCP Z5#3k, BN Af 4 125E- 2R -2 € (basic Helix-Loop-Helix,
bHLH) Z544, %4515 DNA 45 G008 S A ny R AA P, #4ls bHLH 2544 Al K TCP %4 R 2 4
WA : PCE(LFR TCP-P & 12%) F1 CYC/TB1(XFK TCP-C 8 12%)!', CYC/TBI 25 14 1 CINCINNATA
(CIN) il ECE #fb A 40 i, ECEs R T 2 k& HF4F, 74 CYCl. CYC2 Ml CYC3 #FfbAs, i
CYC2 LB S SAEXFRYE I EE ST . 458 Asteraceae AEHIHEAL I A4 B R ] A 2 HORS & (0 46 S 4 # 1,
i FOB B ORAR — e B A, S BT o T 2 8 S R AL BRI B . AT N2 R TR AR (ray
floret), PIMXIHK ., ToHER . Himn 2%, FZH RS BB . 487 MR fEIRAE (disc floret), %6 5T
XIFR, — e A s MR, FEAE S, SR BB S L, BAIREMNAET
HWEME . M THERNE, JOWRAATF R AR R 2SR L2 BT LA 24k X 35F
CYC I MM AN : BRI Aoy SR A Yk it e i B rpeig DU IS, J2 LR M Ak Akt
I FELENZE . INT B Senecio vulgaris HAEFHEY), A FHEF A, HAKEHE 90d), Z5H
eIk . B THEK, FEARARZENE, 55 RIS AR FR . KRR ZEMEH CYe2 2
RAY FEH il . RAY BEPH 0223538 1 P45 T RAE B AR B 252 ) 1 RO T BLG R AEXT AR, B4R 5
X FRG AR FR SRR Z [A] PERlA AR, RTM, AT TR MR S b 28 i ROF R AR IR AR ST . A
WFFEAERR I T HG RAY1 FEIBFST LR |, STRE SvRAY REDIF0 M Hid A RN R, B1E N3
BHET BB W FHLG SR AL S

L I = I

1.1 SR ##

DABRUN T BLERDF o SE g bkl 78 25 C. OSBRI 16 h J6/8 h B 45048 R R AE T AN TR =,
1.2 SvRAY1 EFERREREBRIEHEMEE

BT G RAYT FER P81 (FI356698.1) 78 38 [ [ 5 AR W) {5 2oy (NCBI) 475 91t Hext
(Primer-BLAST), F|H NEBcutter V 2.0 (http://nc2.neb.com/NEBcutter2/) ’ i 43 B Hi 7e BV A5 5 U
BamH | | Sac | S YT 8 AR08, 51 AT A A AR A A6 8 (% ). DAER T 5%
cDNA JF 9 ik, sabEiR1s SvRAY1 EEH H R Br. PCR W AR : 97 °C FilZEM: 3 min, 95 °C 28k
1 min, 60 °C iRk 1 min, 72 °C #Ef# 2 min, 72 C EIEMH 10 min, 35 DMEH; B R Biabifb RIS &

F1 KRS SvRAY1 EFEZEFAF qRT-PCR KI5 #1551

Table 1 Primers were used for cloning of SYRAY1 and qRT-PCR analysis in this study

HH LUiEs 1P (5'—3") TS P (3'—5")
SVRAY1 GGATCCATGTTTTCCTCAAACCCTTT GAGCTCCTAGTGTAAATTTAGGAAAC
gSVRAY1 GCCAGTTCGTATCCGGAGATT GCCGTGTGGATCTTGCTATG

Sv18s ATAGCAGAACGACCTGTGAA GAAGCAAGATCCAACGCAAT
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% pEASY-T1Simple #ifk (23X 4x), I RKNIR AR Escherichia coli %5235 DHSa WK H (UM A B
Yroswl), AR EE B M P P PCR SE50 5 PRICRTVE 4 B 2% R M A R AE ) 28 51T o

PO P E S R YR OB, 4T BamH 1 Fl Sac 1 e BamH 1 Sac 1 bl
LA T B AU A 0, 0 TR I % Nrpir 35 [sveAr!
IR pBII21 BEATXEGI SN, ¥ Hi R B
AR R Beb T %, AL K %4 8 DHSa S5, # pBI121-355::SvRAY1
B e R AT R V% PCR. PR FHVE e b7 IT 4 T 42
WOBORL, HEAT R OO DA 50 Tl 3 TR IS A A B R
FF & Agrobacterium tumefaciens GV3101, 3R15H £
KB (B D)o
13 SVRAYI BEEMIE R LN A1 SvRAYI KA FE KT B

W6 S B H SvRAYL I R 76 NCBI 3 i 75 Figure 1 Schematic diagram of overexpression vector of SvRAY1
Blastx #2358, TSP CYC FENE IR FASTA A 3CF; FIH Clustal X & MEGA 10 ¥, >Rt
KEURT:, B RKIEEN 1000, #1725 AL RG L BWE, 1] GeneDoc ¥4 & iTOL 7E4k
T. H. (https:/itol.embl.de/login.cgi)"*! i} 7~ Hb X} 48 S K it b ) SE 4k &4 3 A F MEME M 3% (http:/meme-
suite.org/tools/meme)"'*!,  SOPAM 7£ £& %Kk 14 (https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa__
sopma.html)!"*! | SWISS-MODEL 7 £k ##5 T H. (http://swissmodel.expasy.org/)!' 73 H1 SYRAY1 I ¥ 5 F& iR
FRE, PN EERR FH R A A 5 B RS . SRR 4R S5
1.4 SvRAY1 EEXHRAEEERIEST

WSRO T O AR B 2 AR B B R G AL I B Be-AE T (cap) FIAEFE & & BBt (S1~S4) (&1 2) 1Y
SVRAY1 FE [ BB AE DL . MR HE S2 I 9806 %E i PCR
JVE (qPCR) 5195t & 47 55514 qSVRAYIF
qSVRAYIR K N Z B K 5] ) Sv18sF. SvI8sR. £
f4 RNA #2 B i 7 & RNAeasy PLANT Mini Kit
(QIAGEN). ¢DNA & Bl & EasyScript First-strand
cDNA Synthesis SuperMix (4304 ) W B 45, i
Eva Green %% ) 44 £l (Biotium), premix Ex Taq Hot
Start Version (Takara) #& U RNA Jf: & il cDNA f5 T
5S¢ %¢ O s it PCR X (Bio-Rad, CFX ConneaTM
Real-T) b7 WK 95 °C HUZE 10 min,
95 C A5 Mk 10s, 60 CiBA 15s, 72 CaEfhi2ss, B2 BMFEZAKRLEFORFALE BT S
ST 45 MRS, i 3 AEE R, PR PR .

igure 2 Comparison of capitulum form of different developmental

2-AAC AL . B SYRAY1 PRI FARXTFRIA R stages of S, vulgaris
1.5 SvRAY1 BERFBEKREEREEFNEST

AL L R BE F2 B R & RIBE R T e oA SvRAY1 L FE R PT AR, A A el K A9 SDS 32 [ A
B 5N 2% R LA BE R (PVP) ABE, Bl 1k 193 289 o1 A A i PCR SN ] 4 AT P A AR 2 PR 4
DNA J&, RIS R 51 M55 1 it PCR KU 5 4045 FH A B o L4011 A= R oM T B
KPR ERAER T8 . FPIRAE S T RAEBH Z W55, IR R A7 B e 3, A P W - b ki
NRELHEF A=) J2 SYRAY1 G BRI (1) 5 ARAERE M 3R B A e, A A LA R 2
1.6 HiESHH

{1} Excel 2016, SPSS 25.0 S5 47 W #5170 Hr S K12 . 71 SPSS 25.0 £k, 235l A\ BBF
AT R BE D TR AR AR OBt , B O REAS ¢ K, M BB, BN EE X R 95%. Frih
T 2PN, BT K, AR DR BBV, FITET A B 5 5 SE DA AR ] J7 22 18 M

NTPII RN E PR s 35sP Ol 35s JRBhTs
NosT FZ 1T
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W SERE ) SVRAY1 BEJPAE NCBI 4T Blastx 7341, XH 5 SvRAY1 J5 K G ith 2 58 P 91 AR AL 5
e PR BEA T 5, I 0% 18 HH SR 3R 3 Callistephus chinensis CcCYC2d . ¥ 7 M5 % Tephroseris rufa
TrCYC2d. U4 Chrysanthemum xmorifolium CmCYC2d. H 4§ Chrysanthemum lavandulifolium CICYC2d
Y4 Gerbera hybrida GhCYC2c Fl GhCYCS %5 B N B M kAT R G BRI R 2 (8] 3). RAEK B
B . SYRAY1 5 CeCYC2d, TrCYC2d, HaCYC2d, DvCYC2d SRt T [F—/337, G RRIE.

SVRAY | Z MR T 9175 (8] R 2549 (K1 4) 3R . TCRG I BT &5 LU 52.89%, i S ah ks L il i
—2, HWR R o MR . SERKAEE K B, T ELB A IR 33.13% . 10.64% . 3.34%. AR S5

0.1 'N,'f ’
Berkheya purpurea BpCYC2d -‘.’ j,
Gerbera hybrid GhCYC5
1.000
Gerbera hybrid GhCYC2c¢
1.000 Doronicum orientale DooCYC2c1
0.999 Doronicum orientale DooCYC2c2
0.946 Helianthus annuus HaCYC2c .
1.000 Dahlia pinnata DvCYC2c¢
Chrysanthemum lavandulifolium CICYC2d
1.000 s
Chrysanthenmum % morifolium CmCYC2d
SVRAY1
0.829 ;
0.999 Tephroseris rufa TrCYC2d S
0.699 Callistephus chinensis CcCYC2d 2
0.518 Helianthus annuus HaCYC2d f 1
0.979 Dahlia pinnata DvCYC2d
B3 SvRAY1 ZSKF A AT
Figure 3 SvRAY1 phylogenetic tree analysis
B C
SOPMA :
Alpha helix (Hh) : 109 is 33.13%
315 helix (Gg) : 0 is ©0.00%
Pi helix CEL)) @ is 9.ee%
Beta bridge (Bb) : 8 is 8.00%
Extended strand (Ee) : 35 is 10.64%
Beta turn Gine)! 11 is 3.34%
Bend region (ss) : @ is ©9.ee%
Random coil {Ce) : 174 is 52.89%
Ambiguous states (?) 8 is 8.00%

Other states

o is 9.00%

A. SVRAY 1 EHEIRFH) “HEEFHES; B. SVRAY1 EHRRFH =S BZ5MHES; C. AmCYC E M2 ¥4 = [\ 25 Fa 4k 5

B 4 SvRAYI &AL 57 2% =R LA H B I 5

Figure 4 Secondary and tertiary structure components of SYRAY 1 amino acid sequence and their ratios
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T 5 22 g M FEAEXFR AmCYC AL MBIRAI ML, A RS20, SiRITE 2N o BE A ICM
i, HEMMWEAZHE A —IEEERAL, HEN SvRAY1 B2 BA AmCYC BH D RELR~F1E, BIWT AE
Z 5L R T R TP AEX R IERYIE B

2.2 SvRAY1 EEARRABMERIEDH 0.007
qRT-PCR X N 455 KM (&1 5): SvRAY1 LA 7E 0.006 1 H
KBS A Fk . S1~Sd B BRI X F ik B L AE R @3%2:
BrBerm, H S3. S4 BrBEIRAL (S3R. S4R) HAHXT %dm,
FIR Y E T HEDIRAE (S3T. S4T), FE W SvRAY1 % E oo |
[ A TR M T ik, FLAIRAE AT X 3% OWIF}H
A, SR R IA T RE T IRIE A F - oy A || L
23 SvRAY1 HEEFEKRRENYER M /% S1 S2 S3 S4 S3R S3T S4R S4T
53 VR I 6 b BF A W K% 2553 T2 5E 1Y SvRAY1 KR BRI

S . oo SINSAHE 14 BB S3R.HS 3 FRBGEIRAE; S3T. 45 3 B
RIS, BPRBIDLERL S 4, 3630 gy sar o 4 mreemihie: SaT. 55 4 B gg

P AT 2G0T GRIRIER TG . RPIRAE S IR RAY] A H A B 2 R A T A

o . 25 Ul G B 2 FH A
BRI, JETRAHR o g (e o), 0 RN ERBEIT SRR
%%%@Eﬁ : Eﬁi‘tﬂ*ﬁ H: » SYRAY1 yj%jﬁﬁ%%ﬂk Figure 5 Expression analysis of SYRAY1 in different floral development

?EJ&EKCE’E ?&I IEJ *%EQ@ , %%% HE /zf‘: f—'ﬁﬁ stages and tissues of wild type S. vulgaris by qRT-PCR
¥ E AR TE (P<<0.05), HARAESHEPRMERH Z Htl ) .

%Té % SYRAY1 % % % >I jf % @:‘ iﬁ‘: JE ’ ’f ﬁ }Eﬁ T = Table 2 Statistical comparison of ray floret morphology between wild

type and transgenic S. vulgaris

5 L I ST UL L I I 3R B2 2 e, o3 A 4 B 2 gopppy TRERS RIS TR
RS U R, FE LD SvRAYI bR mm mm AR
TR R WS K EANFREE R, HIE BER 5.66+0.40 1.3120.10 0.24+0.02
ﬁjm%%ﬁﬁéﬂ}ﬂ@ﬁﬁi ﬂ/J\ R ﬁ:}’%ﬁ%% : EF’EEH?%?H} SvRAY1-4 5.60+0.64 1.46+0.12* 0.26+0.39
ﬂ@ﬁ%ﬂﬂ%ﬁﬂﬂﬁﬂﬂzﬁﬁﬂéﬂﬂﬂﬁﬁﬁﬁﬁ , %‘:{w%g SVvRAY1-6 5.384+0.29 1.534+0.14%* 0.27+0.33
SVRAYY HUFRTTRE D A4 B4 A () 6 2T (o SVRAY1-10 5.43+0.32 1.56+0.12*  0.31+0.11*
SVRAY1-12 5.13£1.00%  1.49+0.32*%  0.26+0.03
SERRVE), R AL R A T
APRE), (R AR5 SVRAY1-14 5.2620.17 1.48+0.02*  0.29+0.10
3 4t SVRAY1-18 4.98£0.46%  1.48:0.13*  0.27+0.05

, . L o B *FRFE0.05KF 2 F B3
BT AE YIRS 56 4B A B B AR S 09 WL (E,

] Bt 2 A 351 A DR . G RHE ) S RAE T i T IRAE L & TR AL B AL AR B T RE AT 5|, WY
TAHE DR, RS Ttk . R BB PR LA B A N, D 2
BHEYIE LS R AR E S5FZEA 2RI . D RCF I FEY T, CYC2 e PR ATAE Ry A8 X6 kb i 4 1A
TS 5XFRPEN ST, AR RAEAE X BRI ) 57 ol Lo 4y b 5 R IR AR A T D RBIE 1

SCHRARGE™ I . BT % RAY1 R R A S 5 FREKE A, TR, [REAR
GEH P AETRE, BORDEIE S ke SYRAY1 FEH, i — 58 T RACAE B AR AL R R . A M5 B 2 R R
TERERY SYRAY1 5 CeCYC2d, TrCYC2d A T IAl—4332, AL YS AmCYC AL, T B e R 1)
SVRAY1 FEPHA CYC FEHRSFUIRE

XTAEM G GRCYC2M' | [a] H 2% Helianthus annuus HaCYC2c¢. HaCYC2d F: R R4 AL TR IE Ay 35k
WFFT R . XS FEAEEORAE TP ek, FL O 52 0 40 A AR R T R AR KN . R RO T L
pBI121-35s::SvRAY1 i IR ZAK, FH XTI BAE R B RixEIHAT 0. R RLFEKEE E R AT
SYRAY1 LRk Bz FIF, H FEAE S3. S4 MrBemy i RAE th ik, 2635 5 J2 R i 3 f0 1R 48 1y
1.5~2.0 %, FE—2BHEN SvRAY1 JE H i 3k n B B (v A6 FRAE S3. S4 B, H RO T B &R
R MR TR R . WEEE I SYRAY MMIF TR S G0, HARAEKE AR RRE S, %
JE B EATE, WIRIESEIRERH Z el B &M, SvRAY1 FE R FRAE R RIARIE S RAY1 33 Rk R Al
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A BT BOETERAE R & B, BFAE B T B RAE G Al o 26 B 40 ;- C. B9 A RURRN T BLOGHRAE it ¢
40l ; D. pBI121-35s:: SYRAY 1-6 T ARAETE 4G 3 B 4 ; E. pBI121-35s::SvRAY1-6 & {RAE A il 2 Bz 41 el

B 6 FFARB SVRAY1 ERIEEM E L 0 fndah b5 & £ F LR

Figure 6 Observation of adaxial epidermal cell differentiation between wild type and transgenic S. vulgaris by SEM

AL H ARG T AR 8

FIHE - I B R B R AR 1 3 78 S ) SVRAY1-6 I ik DRURE AR I 00 2 Jz 20 i By g % w4k i 40
MU B A= BUAR N, AR SARERS, R il 4 OB AN, hilim i B SR As Vs R Ah . A B S W&
A TR, BDEA SR AR T . e B IR AR [ BB 07 3% Bz 4 M B SOB S B A8 Ak R [m] 52w 1 R
Ay R E , Horb gl o 0% 4 A AR A6 AT RE X IR AR AR SE AL B R B RS . A CYC. DICH kM H-
Torenia fournieri CYC K77 &8} Gesneriaceae AE M & Saintpaulia ionantha SiCYCA IR 1 ik LI RITE 2
WAL, K, CYCERMVREE LG R MM E . KD RESFRELSE LT -
SVRAY1 FENAT Y D BE 5 LR IR B CYC2 28 SvRAY1 ZEA n] fgsd i 4 o2 . Al s
R NI A IR N A=

[FIEF, SvRAY1 Mt Rk F R AL 5 ARAEE A L3 B A= By, R RAEE H BB AE R 2, A
TP s B S5, BREFA RV R G| Ry, e AT BT IIRE . MIAEm H 25 | AR SE ML 2
CYC BN AR IR Jead kbR R v, slGE o (R AE 5 T R AL Z (R A 5 AR RO sl e AR TR AE A1 B L %K
H A8 /INME R S AP RN A AR, 1785 SvRAYT LR ek AT e, BT 43t 58 B AR A7
%

BRHOIRIEF AR R 2%, BRI A BF S — AT L isrtE, BERIESEIRIER T HES
], 25 [ Rk 2 AR PR DL I RE A0 B T EVNAY CYC2 ZEIE R4 RHE RSN, A HA R A
Y EE P L S At i A S R P AL R A A . —SUpF o3RI MR FTRES S CYC BEHA ik, ke
MR AE XS FRE R B . AL EE ST Arabidopsis thaliana WA K A0 4 N BR & B AR IR, TCP18 3
BEREG, RIAMEKRTRER I TCP I B, CYCHH K TCP KIE iz —, ks CYC &t
RIE T 20 A o2, BT LY SvRAYL S 4R o5, JRHT IRAERAY, I, CYC SME R REMN
5T AT 78 LA 9 52 56 gk — 2Dl 5R

AR, W E A EARAEAAAES A i A — A FE Rl — e A I R B 0 X e (R (] A
FIRTEARISI Y, K2 0] B ok BL R W 28 450, st cYe FER], 305 ABC K R A
BEIRITLE, Plan: %6 CmCYC I FAER CmCYC2e T RS, 5548 46 T e AL 10 0162 L)
& CmCYC2b-CmCYC2d, CmCYC2b-CmCYC2e Al CmCYC2c-CmCYC2d 4 [ 1] 4 B/ FHTE W2k 1 — 3R
PREO Z54E A BRI CYC2 KREEF A EAEHZ 5EPRAEFT AR 0P, & e PR CYC-
DICH-RAD-DIV HIEM S, MR ES & Primulina heterotricha W) CYC1C 5 CYC1D WRLIE [n) B P83 S S
S ) PR R R KA E T TAE L AR B o A PR TIFE 0t & B A 2 ATt . elods, Bfdieir
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YR ZF 2R, I, JRZ0] IARERAFIY SvRAY1 FEHRIEAE, SvRAYT P 5 HAbAE & B I H EH
HAE, HFEZS5ERE I,
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