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Flower Shape Changes of African Violets Caused by LjCYCI Gene in Lotus
japonicus
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Abstract: In order to investigate the function of LjCYC! gene, floral symmetry gene LjCYCI in Lotus
Japonicus was transformed into Saintpaulia ionantha, by using Agrobacterium-mediated transformation
technology. Phenotypic observations showed as following: (1) The floral symmetry was obviously
changed, the flowers of 14.3% transferred from actinomorphy to bilateral symmetry; (2) The corolla of
57.1% flowers crack deeply to the base, and the shape of petals changed, and number of petals reduced;
(3) The stamens of 17.1% flowers conversed partially or whole into petal-like structures; (4) The pistil of
11.4% flowers conversed into petal-like structures or degenerated.
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TERIXIFRPE (floral symmetry) 7B 94 FAEYIAL IS5 84 () BURVREAE, T AF RN R B « HEK.
S o FHE S A L E 2 — o B P AE AL T AR H8 X BRI 1945 JE 434 3 Filt (Endress, 2001) =
R FRAE (actinomophy, HAZANXFRME) « PMXTFRIE (zygomophy, RA—ANXHIED « A
WAL (asymmetry, A XFRED o« HM Luo 25 (1996, 1999) M&fa Bkt | CYCLOIDEA
J& , ALY 70 F L et 7ifq LGS 2, £ 22 AL MR ER CYC 2: R DICHOTOMA

(DICH) #:[H. RADIALIS (RAD) FERHFEIE MR DIVARICATA (DIV) BRI YE .. Text
FRVEMIBIE FUBRTE & fa 5 E USRI AL, SR RO B3 & A E a4 258 (Green et al.,
2010) , 4% #}l (Téhtiharju et al., 2012; #HH %5, 2017) | % E & £ (Wang et al., 2006; Du & Wang,

WREH: 2020 -01-17; #8EIA#: 2020 - 03 - 03
EEWHE: HUNTREGHIBE (20191203B07)
* J#AE{E# Author for correspondence (E-mail: pangrenshuiliang@aliyun.com)



A, 1R R, BHER.
A KR LicYCl BREERME S 20 .
[l 2 %4%, 2020, 47 (4): 708 - 716. 709

2008; Gaoetal., 2008) . & F} (Fengetal., 2006; Wangetal., 2008; Xuetal., 2013) . H&XF}
AN 2w R (Howarth etal., 2011) « F5#4E%t (Busch & Zachgo, 2007; Bushchetal., 2012) %,
HEY R RTFHHEYAAE (Yuan et al., 2009; Mondragon-Palomino & Trontin, 2011) . =%}
(Mondragon-Palomino & Theissen, 2009) %,

RARE RN, Y FHEDHLERES CYC FERRAELHIR KRS E, RETER
CYC1. CYC2 1 CYC3 2= "K4>% (Howarth & Donoghue, 2006). fZH|1ERFRIE K Se4FLE CYC
1 DICH #JJ&F CYC2 43¢, Mzt CYC1 Fl CYC3 4 L IhBeMmt 7R, KRG &

(Howarth & Donoghue, 2006) , RAEMEFFHARI CYCl [FVEEERF TB1 ] F R MIE #IE
(Aguilar-Martinez et al., 2007) . Feng % (2006) MG EHMAY E BKIR (Lotus japonicus) 343 T
44~ CYC MR, KIN LiCYC2 N ZFRIL, P M SIS M B, LiCYC Yifid
(8 R R e AL T A% N, A EA (Qinetal., 2004); J@id RNAQ FEFEPTERBAIIHI 3 A
LiCYC Rk, x5l B ik, B MAEEEs S5 I HHEL (Wang etal., 2010 .
TEMHEL R AL IE L LiCYC3 BT MRR UM TEIE AR Se 20D s A L LiCYC3 WIREMRERILH 2
A —ERERREG, . TRRESEIR GRFER %, 2011 . LA Licyc2 £ T, 1%
TR AL H I Z PP R AL, Woe s AL, MORE K. RS GRIEER %5, 2015 .

JEMER 2= (Saintpaulia ionantha) J97%5E & FHEME E &8 ZFEEEAREHEY), HEKED,
VU= H4E, fefdE, LS5 EEE MW EME. Narendrahe Al Mohandas (2003) F| FH i
RN R SR BE R —— LT B R e N AR R D 22 ARt 5 rhod i R AT R A SRR KR LiCcYCl
HNARFMERS ==, B30 LicYCl WERAIIRE, DAUHIRTSAETE SOR B RN K 2 2= 3R JL D R AR
RAETFHEIAETE R 5812

1 MRSk

1.1 ZEHRREEE R SURMAIR

PLAEINER T 24 (Saintpaulia ionantha) iRE W I ZIH N FE R 2R RE . BUGHE 2o A, X5
JEAF R E A 04 100 154 204 25, 30 140 mg - L #% % (Hygromycin, Hyg) iR 75k
H, 1595 30 d JE WA KR, GEiHAMEARRIZET S, 3% AT M]3 AR E K B AR E Hyg
VENTEILEIS . AT 30 Bt /., BEE 3 K.

1.2 MEZFEEAIENERT =

EHEBKMAR LicyCl Fiki pCAMBIA1301-LiCYCI HIMRFEAR AT (Agrobacterium tumefaciens)
GV3101 i ERFEEBE LY A B A T I . fETC B AR R UIBERM R 2 g (K4 1
em), XIMGRM, HEMBEGHLAFESREFRE MS+1.0mg- L' BA+0.1mg - L' NAA+30g: L'
RERE +5 ¢ L BER); WilgR 2 d FHIARITE (3 Hyg HTrERR. GFP D 249K (& Km Al
Rif) 12 %% 15 ~ 20 min, 285 FH TG IEAR T B, e L R 15 97 0k (R 05 2192 + 100
pumol - LT AS), BREAAF FH:EFE 3d; & 500 mg - L LB R (Cef) HITEHEACK M ik 3 ~
59K, WAL HE A ERE TSR R GE IR IR (MS + 1.0 mg - L' BA+ 02 mg - L' NAA + 500
mg- L' Cef+10mg- L' Hyg+30g - L' f0E +5¢- LT BUIEk); WEiRKEFE 7~10d G ATk
# (MS+10mg-L'BA+0.1mg-L"'NAA+500mg-L"' Cef+30mg - L' Hyg+30g L' #H +5
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g - LB o, FREACZARTE BB G AN 8 3 S5 e N o R SR A th kb O i, B
JER RN R NAE R IR 3, Ar R KR IAR A R R, BA T AURER IR,

1.3 cDNA Y& A8 L8

F CTAB {5 H1 Trizol 72253 BIFEECAR N B 22 86 LiCYCI # kR F ) DNA 1 RNA, FfDLEFAER
TR TR . RNA &8 3575 (4% CWBIO A 7] 1) HiFiScript cDNA Synthesis Kit 27 &2 {8 F 15 B
FHEAT), H Actin 519%F cDNA HHATHE: . PCR N AR FR N 25 ul: 16 uL ddH,O. 2.5 uL 10x PCR
Buffer. 2.0 pL 2.5 mmol - L™ dNTPs. 1.0 pL Actin IE[ 54 (10 pmol - L™, 1.0 pL Actin S [ 5] 4

(10 pmol - L™).2.0 uL cDNA B4 A 0.5 uL Tag DNA % & . PCR SSAEF N : 94 CTAEYE 3 min;
94 ‘CAEME 308, 60 ‘CiBK 30s. 72 ‘CZEfH 1 min, fE¥F 30 ¥K; #i)5 72 ‘CHE{H 10 min. PCR 74
28 1.0%BE IR HE R VK G M Lh#E . 514 ActinF A 5-GGAGAAGATCTGGCATCACA-3', ActinR
N 5-CCTCCAATAAAGACACTGTA-3',

1.4 % LjcYCI dENET =) GFP & PCR #3

e LiCYCL A AR NEE S 22 R R AR SO e v, #E 2% IRDO G A N MR 4 6458 1 5 1 (GFP)
(RZER AT DAAR IR B 22 3 3 R PR (1) 3 (X 4 DNA T A4 BUSE (K 40 DNA AR, F LiCYCI %
S5 ¥ (CYC-F1: 5-AGAAGGACAGGCACAGCA-3', CYC-RI: 5-TTTGGAGACATAGG
GAAG-3") I GFP N4 7519 (GFP-F: 5-GTCAGTGGAGAGGGTGAAGG-3', GFP-R:
5'-AAAGGGCAGATTGTGTGGAC-3") 43 7)i47 PCR "1, PCR M4 )G, Fl 1.0%E: fe bkt i
FEL VA o
1.5 ¥ LicYCl EENET =R EERIAI RT-PCR #:57

N LiCYCT FEAFINEE = %88 B RSN, R BRI, EaEKBmm, JF
TR FEFAE. FE3E . JElE. HEES. MERSMHIE RNA, DL Actin fE NN B, 4T cDNA 5
HRUEAT - 5E B RT-PCR S34T. i LjCYCT e P51 V0% SO SR 0ilEAT PCR 8, Actin 51V 51
PCR J AR 28 J S5 3 26 A ] 1.4

1.6 HEEEERIRENE
Lot TR B 2 L DR AN B A R AR K B 22 RN AR BIR % - B BRE =73 WL, M T

FUPNIRTE K2 fy IR Rl 2222 e N A=, EREAN (23+£2) 'C, 14 h Ygi#E/10 h R &4
Ridto SRR A KA 2SS B RE A T M B0 %, I 5 B A4 RO bR 3t AT EL B 0 HT o

2 RS0

2.1 Hyg iFiEENTRE

HWi%FR (Hygromycin B, Hyg) XA FRARPNIE D 22k 7 B9 A A S 28 FEAE AT s L A0 7R
% 1 AT 0L, 76 30 #1140 mg - L™ Hyg MIfIE I8 56 0F Tk )y FEA 2E 2 B 4], s istr:.
BT o —BIEiER IR A O B R F g n, R Oy AR AR B, ket
BL 30 mg - L™ ¥ Hyg {ENAMEMAZ LA I% K .
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F1 HERNBHREFENETZMHAFEENRN

Table 1 The effect of Hygromycin on bud regeneration on leaves cultured in vitro in Saintpaulia ionantha

FEAZF 8 AR Y%

Hyg/ (mg-L™") Number of leaf buds Bud regeneration "HRAERRS
Status of leaf growth
of regenerated rate
0 CXFHE control) 30 100.00 IE# 44K Normal growth
10 30 100.00 IE# K Normal growth
20 11 36.67 A Z 4] Growth was inhibited
25 4 13.33 #31t. Turned brown
30 0 0 #E1LFET: Turned brown and died
40 0 0 #LFET Turned brown and died

VE: BB 30 . 53R 30d ERIGTHSE R

Note: Each treatment has 30 leaves. Calculated results on 30th day after leaves being cultured in vitro.

22 HERERPRE

AN R ARG Ja FARME T = 3L 3R 5, RN (23 £2) C. 12 W12 h R IR %
PR | FIERIEG, BNRER IR, 30 d S AT P 2 N s Rk
ARELIHLE, Fr/hEKE 2 om W UI R NAERIEIRE, KIERAEHBEERE (E D .

B 1 Licycl #HIEMET 21318
A: BB TAJRHIM A B BRI o FAERIMAEIR: D: AR 50 d S5 AR
E: B 150d, 1EMARR: F: Bk 150d, TEEMRL.
Fig. 1 The process of LiCYCI transformed Saintpaulia ionantha

A: Leaves cultured for 7 days on screening medium; B: Regenerated buds; C: Rooting of regenerated plants; D: The regenerated plant transplanted

for 50 days; E: Transplanted for 150 days, drastic crack on petals; F: Transplanted for 150 days, double flowers.

2.3 FEFEENRA GFP 420

e LjCYCT AR D 22 AR AR AR R Fr . FTEE RO BB S, FEHOEHOR T S
FEMA IR A R e oo, B ARMKRBARZMIG (K 2), XRY] GFP DAL
HE DR A R R
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#5 I Transgenic plant B A= AU Wild type

2 SRR EEIEMNES ZMIRAMR

Fig. 2 Observed root cells of transgenic Saintpaulia ionantha by fluorescence microscope

2.4 FEFEEKRA PCR &

FIH Licycl fi GFP JER 5% HEHLERER) 8 PRELAL FEAEREAR I k4T PCR I 394G
LiCYCI ¥ 34558 (B3, A WoR, H 7 541 H K2 652 bp M54

GFP ¥ 8455 (K13, B) R, A 6 M1 K% 538 bp M2kt , 1B A AU MW A 314
AR 25507, XUH] LiCYCI G RG RFEME D =R EAN . A 1 sk AR LiCYCr Ak
M GFP, " REE R NAEINE B 22 I R BA CYC KIRVREE R M S 2L LiCYCT Fe R P 4 38 fr 45
.

%} HE Control %} HE Control
PRk FEE B
#{k ¥k Transgenic plant Nega- Posi- Posi- Nega- %k # Transgenic plant
Marker tive  tive Marker tive tive

652 bp
500 bp

—_—

LjCYCI

B3 rjcycl (A) #1 GFP (B) EEM PCR #MLER
Fig.3 PCR analysis of LijCYCI (A) and GFP (B) gene

2.5 RT-PCR 73#f LiCYCI T3 B FEHKAEEE PHIRIA

RT-PCR #illgs 5 (K 4) Eor, ANE LiCYCI fERFNARME T 2R, . fEFii. 62, ¢
M. HESS. MESEEARIE, FALPHREEREME; EREKYMPREES TAREK
A AN LA
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Actin LiCYC1

4 Licycl FEIENE T = ERJRE FRIEK RT-PCR 7347
M: Marker [IT; 1: #R: 2: ARFEAKEAM: 3: TEF6E; 4. BRAKMM: 5. 163 6. {0 7 MERS: 8: MERE. Actin fENS.
Fig.4 RT-PCR analysis of LjCYC1 gene expression in different organs
M: Marker III; 1: Root; 2: The leaves of reproductive growth period; 3: Peduncle; 4: Leaves of vegetative growth period; 5: Sepals;

6: Petals; 7: Stamen; 8: Pistils. Actin gene was used as an internal control.

2.6 FHEREHRORE

ARG AT B A AR P 22 (5, As Bl 6, A) et e, R AXFR, LM
PRI 4 FEAE RS B AR 28 1 Re16E— N S ME 6 M 58 2 AR E A4, 1eEN S Mok
6 M; 33 RHESR S IREER, HPMakEAR: F 45 1 MUl

¥ LiCYCI BRI MR Z B FIRRE R, R 8AG UT LM R (1) TER AR
B 038, HARS S ARAS NI RR (7, A~C) , HBURE N 143% (£2) ; (2) WAL
IR, HAEOR/> (7, DL BE) , HBUERA 57.1%;  (3) Ho s et Eiemi (&
5, B~D) , IR N171%; (4 HESIEILBURIL (KBI5, C. D) 5 (5) EofeEAAL
MW (E6, B, HIIEN T7.1%; (6) LHEEREFARR 5 MEk 6 Hogdb 4 ¥ (Be, O ,
HIAZE R 7.1%.

TEAE 4 R ah i rh R A AR A I L ) 72 2. 3 %8, HHIUERIE B 70% L . X BB KRB LiCYCI
SO T AR AR, (AL 4 RS RECE AN FIRR B 1 e .

F2 LjcYCl BHFMET ZERANTY
Table 2 The changes of floral phenotype in LjCYCI transformed Saintpaulia ionantha

HH B FE T New phenotype 1647 Flower number # 2R /% Percentage
WX FRIE Zygomophy 10 14.3
TEMARZE Deep crack petals 40 57.1
HEESTEIE I Petal-like stamen 12 17.1
MESEAEIRAL BB AL Pistils were petal-like or degenerated 8 11.4
TEE AL Petal-like sepal 5 7.1
4 M * Four sepals 5 7.1

W BRI BERLSE
Note: Calculated at the full-bloom stage.
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5 LiCYCI HLAEMED =%, MBSRIIEL
A IEWEFAEAL B 2 MOBERETEMML: C. 3 MUMERS. MERETEMHL: D. AiMEISIEMEL, MEZDIRML, HAEZEALEIR 1 ANTEERLUD.
Fig.5 The change of stamens and pistils in LjCYC]I transformed Saintpaulia ionantha
A: Normal wild type; B: Two stamens are petalized; C: 3 stamens and pistils are petalized; D: All stamens are petalized, and pistils are degenerated,
and a sepal-like structure is formed at the stamen position.

Be LicyclBUENERT=LERHNTK
A: HPERL B: 1 BUESEAEMHE: C: 1E2{XA 4 #L.
Fig. 6 The change of sepals in LjCYCI transformed Saintpaulia ionantha
A: The wild type; B: A sepal changed to petal; C: There were four sepals only.

7 LiCYCI HAFMRT =i ML
A: TARRD, FEEPIIXFR B: 1 AR, JERMWODSFR, FEPEM AR E M I RS, C: PIAMRRO, {EEW
MIXIFR; D E: 2ARMA, ERAXFRME, HBEERK (B .
Fig. 7 The change of flower symmetry in LijCYC1 transformed Saintpaulia ionantha

A: The corolla have a deep crack and appear bilateral symmetry; B: The corolla have a deep crack and appear bilateral symmetry, two petals in the
below changed to ventral petal of Lotus japonicus; C: The flower has two deep cracks and appear bilateral symmetry; D, E: The flower has

multi-deep cracks and appears asymmetry, and the stamens were degenerated.
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Wang 25 (2010) HIFFFTLERE, FRKAR LiCYCI F1 LjCYC2 fE3%HI S bR & thohag &
TUA, LjCYC3 FEMEJE P45 b AR O /E . Feng 28 (2006) B 7045 2 WAZE B BKAR o 4 1
MRIE LiCYC2 (T FIAEIE IS SR @ 1, 1T IR 1 98 A8 R U SR B M T S A8 I PR 11 £
AR R 3 7 AR Bk . FEARAESE LiCYC2 BRI R vk RS B, 7E T AR EE FE A AR R 4 &
AT AL GEIE TORA FTECE, A ARG, 1.5%MIERDNEIY & 78 T, 0%
LR R MR U BT A e A B P AN e GRS 2%, 2015) o fEME R0 IE X LiCYC3
TR I AE I A S RO > . AL L LiCYC3 IR R I N 2 206 — BRI G, 165,
ARG (BRIETE £, 2011) o 216 CgAGL6 BEALMHEL, BEAUE R A HEES H BIAE AL I 5
(BHALEE 5%, 2011).

AW 5T BT FH B3R IE AR B FEAE 5 3 35S Jash Flash, JB TR RAE s+, A%z
AR R R N R IE, LT A A AR AR L . RT-PCR #4553 &
N, ANE LiCYCI FEAEINE T 22 00AR . Iy JEPAE. JE32. eI, MEES. MERSElm ks, WIRiE
TIE— . 1E LiCYCI ¥ALAEINE D =10 Ty ARME R PSR BIA R AR 53 (1) 4 o X B e Y ) AR 57 2
BAFERANRE, — RIS FRE M AR, B A I SO AR A A S B B A, LA LA B
B2 e AR BRSNS, Wl RTr, M. M. ek, X
TR (AR Ak v] RE SR SR LI BT S B, BRFENI LiCYCL W REAMH T AEDNE B 22 i R YR ) ok
TEXTRRIE) CYC 2K3E K (N SiCYCIA M SiCYCIB) [HFEi5, AHAEINEE S 22 (146 i bt i #RAs i
MTFRs AT ARl I R RPN B 2= IR P IS B E RS R (i B 28N C KRR ERIA, M
WL B IIKE, HTYHEEARMGSESR TSN LR 2 LR,

AT REH, FHNEMAR LiCYCl 7] LASUEARINE B 20 AR vE, (RS MESSTE ML,
X ONEEE P AR A B IEAE A E IR B =20 R R B T
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