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% UNUSUAL FLORAL ORGANS % SnUFO2 £ &
C inF SRR TEXT A B B0
BAEE', 4 E', FRMEYGM - FLA, g8L", AAHEZ
(1. WAL AR B 2R, WL AU 3113005 2. S Eqeb R bt)m, s bl v i 843006)

TE: [ 84 ] UNUSUAL FLORAL ORGANS (UFO) A W J& T F-box A B K%k, R E LR BEHAELRE ., UFO AR
N 354k 5 Skpl XKW 4 475 s Skpl-Cullinl-F-box (SCF) L&k, ALz Z N BFBHM CHESNEETS., ATHR
C 3% 59\ 3 3R Solanum nigrum 3.2 B 69 %00, KFRILET —A C Khsk 69 SnUFO2* L B ML R X BARBAR
FAAMRT, WRBAERLEHRLEE T, ATEAEKT UFO AR T C R FIELERRL T YO ELHR,
[ F k] AR A& W13 8 5 547 3 AF 5- SnUFO2#Fe & % 89 SnUFO2 Yo7, KA 5 8 % £ & % PCR(RT-qPCR) ¥
SnUFO2* 3 R EH AR RERMARAM, £ vf. REVTHRAFERSI; BEREXBRGHE, HBEARHEARER TR
B R HARIIE SnUFO2 AW ey dhtt, [ 4R ] ShUFO2*A W ORF K& %4 1302bp, %4 433 ANAAHK, BEAER TR
H4h SnUFO2 3 BARM, H C R348k T 23 ANE AR, RT-qPCR 4R 27 SnUFO2* & B £ 5 A MM 1L E T 45 7
WA, A F ARG R R L I : 35S0 SnUFO2* K W RKAAR G L@ 5 1 340, G R AT &I # AR
BIRMAAEE R, R HRAR G EAEE A, [ 48] 35S SnUFO2* 55 3L B KRR . HEFSHAF 7
W CamBEMBATRIEIKT SnUFO2 Z a4 7R A& e, SLRNZARTEN C KRB AERREERFTEX
&, B5%1%423
KR HARAEIK; SnUFO2; Hntuy; REEAR; BAF
FESES: Q75; S641 YRR : A NERE: 2095-0756(2023)01-0038-07

Effect of conservation of C-terminal sequence of Solanum nigrum UNUSUAL
FLORAL ORGANS family SnUFO2 on flower development

ZHOU Jiayuan', ZHONG Yu', Nurasiya Imam?, CUI Minlong', PIAO Chunlan'

(1. College of Horticulture Science, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. Wushi County
Bureau of Agriculture and Rural Affairs, Aksu 843006, Xinjiang, China)

Abstract: [Objective] UNUSUAL FLORAL ORGANS (UFO) gene belongs to the F-box gene family and is one
of the most important floral organ identity genes. The N-terminal of UFO gene can combine with Skp1 genes to
form Skpl-Cullinl-F-box (SCF) complex, which participates in the ubiquitination process and degrades the
target protein binding with the C-terminal. In order to explore the effect of C-terminal sequence on the flower
development of Solanum nigrum, a C-terminal deleted SnUFO2* gene was cloned and its expression vector was
constructed transferred into S. nigrum plants to observe the changes of floral organs of transgenic S. nigrum
plants, so as to further explore the important role of the complete C-terminal sequence of UFO gene in the

flower development of S. nigrum. [Method] Comparative analysis of SnUFO2* and full-length SnUFO2 was
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performed using bioinformatics analysis software. Moreover, the expression levels of SnUFO2* in roots, stems,
leaves, and buds of wild-type S. nigrum were analyzed by real-time quantitative PCR (RT-qPCR); the function
of the SnUFO2* gene was verified by the construction of over expression vector, observation of phenotype of
transgenic plants, and the employment of paraffin section technique. [Result] The ORF length of SnUFO2*
was 1 302 bp, encoding 433 amino acids, when compared with the complete ShUFO2 in S. nigrum, the C-
terminal of which was missing 23 amino acids. RT-qPCR results showed that ShUFO2* was specifically
expressed in the buds of wild-type plants. The phenotypic observation of transgenic plants demonstrated that the
petals of 35S::SnUFO2* transgenic S. nigrum plants transformed into sepals. Paraffin section analysis presented
that the stamens of transgenic S. nigrum plants were missing and uncertain meristem was produced in the pistil.
[Conclusion] 35S::SnUFO2* transgenic plants lead to abnormal development of petals, stamens, and carpels of
S. nigrum. The deletion of the C-terminal structure may reduce the ability of SnUFO2 protein to specifically
recognize target proteins, indicating that the complete C-terminal of the gene is important for organ
development of S. nigrum. [Ch, 5 fig. 1 tab. 23 ref. ]

Key words: transgenic Solanum nigrum; SnUFO2; floral meristem; floral organ development; flower

development

A6 R B RAY) 56 A A S A OGS R o R ) DS 35 AR R B8 A B A K I e 2 2 %o B I3 TR 3% s % [
RIAEMN, R TR IE R S5, &S Y DU ol MR EE A TN R B 50 ik
WF . AR S R AR E R 3 3 AR B M AN AR R IR R AR A BT AR R S, i
ZEThv 434 412 (shoot apical meristem, SAM) #4745 Jy 8 743 2H4 (inflorescence meristem, IM), Ff/54E
¥ o3 A tH A A A R AE L X (floral meristem identity gene) AlI4E#% B 4R AE 3L A (floral organ identity
gene) IVE I —2= 58 8 A AEP. F-box SR FEEY TR RKMNEAEEHEZ —, N UfrfE F-box 45
Falal, 4 40~60 ISR FLERARHEAL K, BEAN Skpl. Cullinl (CUL1)/Cde53 Fl Rbxl/Rocl/Hrtl 454 7E
% Skpl-Cullinl-F-box (SCF) & G1AZ 57 R C o KWL & X, fEEANFMLSHEL, G
Kelch, LRR. FBD Z5455%, F-box & MY C ¥tk & T IRYIRM B RESIE, WSS IRYIAE, F-
box & A KIEAFRMFERE™, AT, F-box & HJERIM SCF A ARES S AR AR & TJ5 i, a0
FiFiik . (EEE . ASSAFEME ., Wb fmEaEA i L ROEE S ast o,

UNUSUAL FLORAL ORGANS (UFO) 3[R J& 5 48 % 5 #H A F-box JE A, J&H 2 HY 4L 73 A= 4 ZUFFAE
BERFAESR BERAERE D, KT LEAFY (LFY) SRSV, JF5 LFY SR IER 2k ABC BiEIH B 28
S FE, NIMEEAERMERN R ET . BT LFY 3£, UFO RhES ASK1 %A K, SCFU™° 2 &
P A e e 88 R B IS A, ufo Al askl AR RER R M AL A MESE KB AR, EM M IT
Arabidopsis thaliana H UFO F&H C R ity X I & AL I & & b 75 0, T AE B JKAR Lotus japonicus F15 5.
Pisum sativum 1, UFO [7) i 3: [ PROLIFERATING FLORAL ORGANS (PFO) §l STAMINA PISTILLOIDA
(STP) FE I C % JF 90 1) 5 2 AN A KT A 2 B A 52, 38 X6 46 43 A 20 808 2 1k 3 e e, B Gk 2B e
Fpls-1s1

5% Solanum nigrum J& i B+ Solanaceae JiiiJ& Solanum B 1 S4B ARMEY), 16745 N RBARIEF0,
H xR AR hAER il S. ycopersicum S TAAEY) &, TEHAWARHEY) o6 T Lk T RN
R, Je g AR SRR . AEARIE /N . AR AR i B T C e SR, SRR SR @ X
KRBT L EE MBI AR B R NE, R UFO SRR TEA R YR & 0LE R
UFO JERTEMPHE R B 1R 77 H H2 e S8y

1 MoK E 7%

1.1 ##
DU A RURE AR B LG JE DR AR A R, FES TR 25 °C SOBRI) 16 8 h I 54 F Ak ks, & H.
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1.2 FiE

121 ABAFFIHER R RER AR TR E B SnUFO2 FH S, BT s P+ F 7 M5
NEBcutter (http://tools.neb.com/NEBcutter/index.php3) @8 I EGF VI 5 BamH 1 Fl Sac T VA AR HEIE (5 1)
I E R A R AE YRR A BR A F A

£1 EEZEER RT-qPCR 3|#71%

Table 1 Gene cloning and RT-qPCR primer list

5194k U153 TUHETII(5'—3Y)

SnUFO2 AAGGATCCATGGAAGCTTTTCATCATCCC AAGAGCTCTCAGTTGAAAGACTGAAAGGG
qSnUFO2 GCTGTGGCTGGTGATAACTTG CGGCATACGGGCAATTTCTT

SnAPRT GAGATGCATGTAGGTGCTGTGCAA GGCCCTTCAATTCTGGCAACTCAA

VL. TRIZAb YN 5, 509 BamH T flSac 1

FIFH RNA $EBGAF & 18 2% A= i A IR F], ) SRS AL 0185 A R0 SR AR ) 2 K et
WE ALY RNA, f# FH EasyScript®First-Strand cDNA Synthesis SuperMix [z 7 ¢ 7 & (& X&YW HARE
BR/AF], db50) 3575 cDNA, LIHCHHIN ape SnUFO2 3 . PCR W FRJF: 97 °C HiAs#: 3 min; 95 C
408, 60 °C iRk 40s, 72 °C LA 1 min, 35 MEH; 72 C BAEH 10 min, PCR =Yt 7 IEfEM 5t
e TR AS I e BRI, JFaliAk il B i B, H Y BeiE 281 pEASY Blunt simple (224 A U H AR A R
N, dEER) BIRJE, A KR A T Escherichia coli DHSa J&Z 250 (MEM A MIFE AR B BR AT, Fif),
3L Y PCR e PHVE A B TE , $R RSB RL A YA BRA R o DU 3R T 45 D42 J 5 o Sk 2l
FERFAIEAT X, 3545 2 4% B SR P
122 AW aFod EAAELMES Pfam (http:/pfam.xfam.org/) £ F 5 Z 0 808 2 AT 2549 38053 BT o
¥ IS B 2 2% SnUFO2 Fy A0 e 6 I E AR )45 B ol (NCBI) L i) Blastx #A7[RIEEER KR .
FH MEGA7!" 3E A7 24 56 18 7 9] bb X R 2R 45 F fb A Ay o i A4S 4 82 R 28 #2 1% , Bootstrap K 5
1 000 K o B 0 € 2 B9 A [5] 4 A UFO 356 AR e 25 v 2 % SnUFO2 J7 5 iy A 7E 42 W 3 MEME Suite
(https://meme-suite.org/meme/), PEFEAIE Y Motif $ti f5 458, - H TBrools! 431k .

123 ARHF RIS TEAERIREMMRBEACIIE, 20 REMMRARERAL, R, 25, A
TEAIFHE I RNA, DU S J5 1) cDNA S BAR , #EAT SERT 98 8 7t PCR RN . NS R O e 25 1
APRT 3£ [H, SnAPRT il SnUFO2*:E w5 ¥ an 3 1 frox o M4 RT-qPCR X & TransStart® Tip Green
qPCR SuperMix(&X &AW H AR A RAF, JLa0) B ERNIEZR: cDNA 1L , L FHESIY (10
pumol- L™ %% 0.2 uL, 2xTransStart® Tip Green qPCR SuperMix 5 pL, XZE/KAMEZE 10 uL, S & 95
°C FASPE 30s; 95 °C A8k 5s, 60 CIBK 15s, 72 °C 4 10s, T 45 MERH . BEEHE I ER N
AR RIS R

124 ERXEBMAME FIH BamH 1 Sac 1 GEER CHI/RBHE AR, i) ¥ B R B pBI121 kit
PR, i bl S 7E 16 °C FidiiEH:, IR ARMIRGHIRZA . WS4 PCR RiF)f5, $REHM
TR, A I OB 06 UE A R TR R AR

125 #HARHMKS THRMNAETSF oA SDS IR BUL L RN DNA, DUEFA BB ZE 0% i,
1iF PCR G I B 1 4 5L R A Ak o 3 2t JE@ BR AR L (COOLPIX P7100) 1 R 10 55 % 5k DR Al Mk A 7 22 B s 4k
Leica {400 2 fU5% (M165FC) 11 R T S 3k A MR AL R AR 1k

12.6 ARFHEESH R RRIL-IRART Y kM), e84 RS A MRS AE IR 2.5 mm ZE47 1)
AL E T FAA BB 2, KIKE 50%. 60%. 70%. 80%. 90%. 95%. 100% {RFL/r 4111 & Bt
K, FHRIRGRERE 1:2, 101, 2:1 B HIOK ZEBERARMAE " FoREW G, 124 3 d, A
AP AR, KRt E kg I Leica #52XUI ML (RM2235) VI A, HTRARE YO IRHE A .

2 ERG50H

21 EREESEMEEESH
DU A R Iy S B AE WIAE L) cDNA MR, TafEfS 3 2 4 SnUFO2 751, # & A F-box Z5#i, —
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SFH G5 S P45 R —, AT SnUFO2 JE[H, St 456 NEEEIR; 9 — &7 51 AR
SnUFO2 M, ZFHEHTE 1294~1 295 bp A4 1 M08 G BT A, SERHIFIEATL L, % 433 2Kt
2, 100 ShUFO2*, ¥ SnUFO2*5: P . 42K SnUFO2 B FIR R Fh UFO 1y [R5 52 R My 1 2 55 3304k
o SnUFO2*, SnUFO2 BRI An . B Capsicum annuum FREZELF Petunia x hybrida H 1) UFO F&[H
ER— 537, RIREREIT, M-5/KAE Oryza sativa, I UFO FEF R R EBGE (K 1A),

FIF MEME # 4%+ SnUFO2* 1 SnUFO2 25 [ #E 47 Motif Tl & B, X S 2 (AR il 5, TN 2]
2 A LAY Motif AT REA Tl UFO 25 &R~ BYIAE (¥ 1B). SnUFO2*5 HiAtl UFO HEFAHIL, Motif 8 f
Bl gk ml B S EOZ KL N T fE 5 HAb W Aloh UFO JEI R S REAF A6 22 S 0 i 1k S JE R ¥ 9 e X & B
SnUFO2*C A fi bt SnUFO2 3R/ T 23 NMEFERR, X BP S EmBH A b s AR SE, T BERZ M B 22 1
WIIE R E R (F 2),

A 100 SnUFO2*JE %% Solanum nigrum B SnUFO2* — L. _Mgg?‘;
61 SnUFO2 Jz 3% SnUFO2 — —RITmmmmmm e
95 AN & S. lycopersicum AN —7 T, =Motif 3
100 CaUFO ##l Capsicum annuum CaUFO —™ N .. _Mgg?%
47 ————DOT$&%" Petunia*hybrida DOT —{™— WP ImE ] —Moiif 6
79 FIM %455 Antirrhinum majus FIM ——mmrmmmmm " Motif 8
7 GhUFO iM% Gerbera hybrida GhUFO —™ ..
100 ChUFO %373 Cosmos bipinnata ChUFO ——mmmmmmmmmm
—— PFO TR Lotus japonicus PFO — s mmmm
100 L STP W& Pisum sativum STP — I _mmmm—_—mm
AtUFO L 3% Arabidopsis thaliana AtUFO —™_ s mm
APO1 /KF Oryza sativa APOl MR MmN
0.05 501 I I I I 13!
—
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T X /bp
A: SnUFO2* 2% )2 B ; B: MEME Suite ££2k /356 Tl Motif 25 5. Motif4 A F-box Z5i#438, SnUFO2*C K/ Motif 8

B 1 SnUFO2* 2 %% 7 #4547 B Motif 2 #7
Figure 1  SnUFO2* phylogenetic tree analysis and Motif analysis
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Figure 2 Amino acid sequence alignment of S. nigrum SnUFO2*
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WE AR E P I RIROKOE, BRBUSIERIR . 25 ORIFERIIET RT-gPCR 08T, LUEZE APRT H N
S5, RT-qPCR 455 KW . SnUFO2*TEM . 25| MRk &I, 7Efbas PR Rk sy, el
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SHUFO LT B 5 SR R T (7 3). N T
23 BEHEEBEERS 8
JHRFIE C I ) SnUF ORI X T 32 s |
WREIIMN, M T SaUFOI ki, #IL i
W ARk, 28 RIRE B B35 L0 g 4y
BEJE, ARAT 40 A To AUMSIPUPERR R, 28 PCR %5 5L
YA 31 AL MR 2 . T R i AR
BRI HOBRIETT 507 . 4% PRI . 250 o I _mmm EE
I 26 B S S A (] 4A), TiAE RS & 7 S s
W BB SEACRIVIR . AR 6, A g3 wp k@ 38 b SHUFO2* R 48 R H 4 K
FIE, AR SRR K TR TG (B 40); B4R AT
LR SnUFO02-30 £k R AEE i AE i h 3BT il 4 {6, Figure3  Expression analysis of SeUFO2* in different tissues of wild-
SBURLISY, BRI IRAE FoRAEE, TE IR T 2 type S. nigrum

AR, MERAE R BEEMEE, o800 T U R (K 4BF C); 58K ShUFO02-10 Bk R AL 58 4 |
b, XA IE 5 B SRS FAp 1 (K] 4A~C).

Q. 1k
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B 4 35S:SnUFO2* 453 Rtk A B
Figure 4 Phenotypic map of 35S::SnUFO2* transgenic plants
24 REVEALNFLENE
R T A W R DR R AL R 2 4 S LA AR Ak, 3 3 X B A RN SnUFO2-10 5 JE PRI AR 14K
AT AU R R B A RUR R AL AN B PRIR AR L A6 . RS RIMERS ;. SnUFO02-10 Bk &
FER A B FOIRAE R, RSSO AR SR, WA RIS B RAE R B P RO B T A g
IR A (F 5)

3 Wiks 4k

AW TERE T 1 S ER ShUFO2 JEH, $R5E C 391 i S AR R 3 16 K B RIS . Y1 B
ORI SnUFO2*JENJR T F-box FER KK, H C K4k i )¢5 n] g LA R SFRIIEE. F-box
H K% UL SCF AR IIE XS 5P S W A& sl . b AAF5E I F-box FE Y N Ui 5 SKP1 283
k4, L SCF Z &1k, 1 CuSHEAL A, Midiz F5E5| 52 26S 5 FHA M M AR LS & HE A0,
FET C Ut FEHILE F-box FEDH b 3 B/ FHHEMN , SnUFO2* C K it 23 AMAEST B2 FEMR B 2k 7T fE £ 5402
EX AUy

UFO B[RRSOk uk FEAE Y e & B o B b BV, @1t RT-qPCR 4T &K SnUFO2*
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B SnUFO2-10
R B
N o e
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A AR (WT) R F, B. SnUFO02-10 5 FE M AE A Y] Ar; BBl R OK/NA 1 mm
B 5 FARR 35S::SnUFO2* 55k WAk & 168 645 K

Figure 5 Paraffin sections of flower buds of wild-type and 35S::SnUFO2 * transgenic lines
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