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Isolation and functional characterization of SVP-like genes

in Prunus mume



I, AnMER. Soc. Hort, Sci. 141(4):315-326. 2016,

Isolation and Functional Characterization of
SOC!-like Genes in Prunus mume

Yushu Li

Beijing Key Laboratory of Ornamental Germplasm Innovation and Molecular Breeding, National
Engineering Research Center for Floriculture, Beijing Laboratory of Urban and Rural Ecological
Environment, College of Landscape Architecture, Beijing Forestry University, Beijing 100083,
China, and Beijing Vocational College of Agriculture. Beijing 102442, China

Zongda Xu, Weiru Yang, Tangren Cheng, Jia Wang, and Qixiang Zhang'

Beijing Key Laboratory of Ornamental Germplasm Innovation and Molecular Breeding, National
Engineering Research Center for Floriculture, Beijing Laboratory of Urban and Rural Ecological
Environment, College of Landscape Architecture, Beijing Forestry University, Beijing 100083, China

AppITIONAL INDEX WoORDs. mel, flowering time, identification, MADS-box gene

ApstRACT. The MADS-box gene SOCI/TM3 (suppressor of overexpression of constans 1/tomato MADS-box gene 3)
integrates multiple flowering signals to regulate the transition from vegetative to reproductive development in
arabidopsis (Arabidopsis thaliana). Although SOCI-like genes have been isolated from a wide range of plant species,
their orthologs are not well characterized in mei (Prunus mume), an important ornamental and fruit plant in east Asia,
To better understand the molecular regulation of flower development in mei, we isolated and characterized three
putative orthologs of arabidopsis SOCI, including PmSOCI-I, PmSOCI-2, and PmSOCI-3. The phylogenetic tree
revealed that these genes fall into different subgroups within the SOCI-like gene group, suggesting distinet functions,
PmSOCI-1 and PmSOCI-3 were mainly expressed in vegetative organs and at low expression levels in floral parts of
the plants, whereas PmSOCI-2 was expressed only in vegetative organs. Furthermore, the expression level decreased
significantly during flower bud differentiation development, suggesting a role for these genes in the transition from the
vegetative to the reproductive phase. Overexpression of PmSOCI-1, PmSOCI-2, and PmSOCI-3 in arabidopsis caused
early flowering. Early flowering also inereased expression levels of four other flowering promoters, agamous-like 24
(AGL24), leafy (LFY), apetala 1 (API), and fruitfull (FUL). Moreover, the overexpression of PmSOCI-1 and
PmSOCI-2 resulted in a range of floral phenotype changes such as sepals into leaf-like structures, petal color into
green, and petal into filament-like structures. These results suggested that the genes PmSQCI-1, PmSOCI-2, and

PmSOCI-3 play an evolutionarily conserved role in promoting ﬁnwermg m mei, and may have distinct roles during

Godi

flower development. Our gs will help el

idate the

involved in the transition from

vegetative to reproductive development in mei.

The floral transition is one of the most dramatic develop-
mental switches in the life cycle of flowering plants. The
transition from vegetative to reproductive phase is regulated by
a complex genetic network that monitors the developmental
cues and environmental signals. Six genetic pathways, namely,
photoperiod, vernalization, autonomous, gibberellin {GA),
ambient temperature, and age control flowering in the model
plant arabidopsis (Fornara et al., 2010; Simpson and Dean,
2002; Srikanth and Schmud, 2011). These six pathways con-
verge to regulate a small number of *“floral integrator genes,”
including SOC! and flowering locus T (FT), which mediate
other regulators such as the floral meristem identity gene, LFY,
to determine the formation of floral meristems (Borner et al.,
2000; Lee et al., 2000; Liu et al., 2008; Moon et al., 2003;
Samach et al., 2000; Wang et al., 2009).

In the photoperiod pathway, constans (CO), which plays
a central role and mediates the circadian clock, activates SOC/
mainly through FT (Valverde et al., 2004; Wigge et al., 2005;
Yanovsky and Kay, 2002; Yoo et al,, 2005). Conversely, in the

Recerved for publication 29 Dec. 2015, Accepted for publication 30 Mar. 2016,
The rescarch was supported by the Ministry of Science and Technology (Grant No.
2013AA102607) and the Special Fund for Beijing Common Construction Project.
'Corresponding author. E-mail: zgxbjfu@126.com.

J. Amir. Soc. Hort, Sci. 141(4):315-326. 2016,

vernalization and autonomous pathways, flowering locus C
(FLC) acts as a floral transition repressor, and suppresses the
expression of SOC/ by directly binding to the promoters of
SOCI (Michaels and Amasino, 1999; Searle et al., 2006). In
the GA pathway, GA regulates SOC! at the shoot apex to
influence phase transition. Moreover, the soc/ null mutants
demonstrate a reduced sensitivity to GA, and overexpression
ol SOCT rescues the nonflowering phenotype of gal-3 in short-
day (S5D) conditions (Lee and Lee, 2010). SOC/I is also
regulated by an age-dependent mechanism involving SPL9
and microRNA156. SPLY, as a miRNAI56-targeted squamosa
promoter binding protein-like (SPL) transcription factor,
shows low expression at the early seedling stage. However,
SPLY subsequently increases its expression from the vegeta-
tive phase until and through the transition of flowering,
independent of the photoperiod, and binds to the first intron
of SOCT. Together, these data indicate that SPLY is a positive
age-related regulator of SOCI independent of FT/flowering
locus D (FD) (Wang et al., 2009). Recent studies have revealed
other interesting functions of SOC/. For example, SOC/ directly
represses C repeat/dehydration-responsive element (CRT/DRE)-
binding factors (CBFs) to negatively regulate the cold response
pathway, whereas overexpression of CBFs increases the FLC
transcript level and causes delayed flowering (Seo et al., 2009).
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ARTICLE INFO ABSTRACT

At Rlstary; The MADS-box gene S¥P (SHORT VEGETATIVE PHASE) mediates the integration of signals invalved in the
Receivedl 9 Octaber 216 contrel of flowering time and flower development by interacting with MADS-box proteins. Although SVE-
Received! in reised form like enes have been isolated from  wide rangeof plant species, theirorthologs are nol well-characterized
H“Mm:'d“:?mm 2016 in Prunus mume (mei), an important ormamental and fruit plant in the East Asia. To determine the role
of SVP-like genes in mei Aowering, two MADS-box genes with homology o Arabldepsis SV, PmSWET
- and PmSWE2, have been identified and analyzed in mel and functienally characterized in Arabidopsts,
% Phylogenetic analyses revealed that PrVP1 and PmSVE2 Fall into different sub-groups within e SV like
SHORT VECETATIVE PHASE gene group, which suggests distinet functions, Furthermore, expression was generally found in vegetative
Floweritg Lime tissues, and decreased during flower bud differentiation development suggesting a role for these genes
Identification in the ransition from the vegerative t reproductive phase, Overexpression of PmSVET and PmSVE2 in
SIMADSIT Arabtdopsts led 1o a range of floral phenotype changes including additional trichomes, leal-like sepals and
MADS-Bax gene increased rosette branches, whereasonly PmSVP] expression delayed flowering through down-regulation
of FLOWERINGLOCUST (FT) and SUPPRESSOR OF OVEREXPRESSION OF CONSTANS 1 (S0C1), These results
suggested that SVP-like genes in mel might have distinet reles during development of flowering. Our
findings will hedp elocidate the moelecolar mechanisms important for the transition from vegetative o

reproductive development in mei.
€ 2016 Elsevier BN, Al rights reserved,
1. Introduction Extensive research on Arabidopsts has revealed tar Nower-

ing transition is controlled by developmental and environmental
Prunus mume (Mei), an important herticultural and fruit ireein— signals, such as photoperiod, vernalization, gibberellic acid, age,
Rosaceae, has been cultivated in China and other East Asian coun- — temperature, a5 well as by autonomous pathways (Fomara et al,
Iries for over 3000 years(Chen, 1996). As an early-blooming garden — 2010; Simpson and Dean, 2002; Srikanth and Schmid, 2011). Tran-
ornamental, mei possesses many conspicuous omamental fraits,  scriptional regulation of many floral transition integrators, such
such as colorful petals, a pleasing fragrance, and various types of 2 FLOWERING LOCUS T (FT), SUPPRESSOR OF OVEREXPRESSION OF
Mowers (Chen, 1996, Sun el dl, 20031 isruil is economicallyvalu- — CONSTANS 1 (S0C1), and LEAFY (LFY), are critical in regulation of
able, as it can be processed into juice and wine, Similar toother fruit — flowering in Arabldopsis(Blizquez and Weigel, 2000; Borner et al |
frees, mei need to go through a 2- to 3- year juvenile phase, during — 2000; Lee et al, 2000; Moon ef al,, 200%; Parcy, 2005). These genesin
which time no flowering or froiting occurs, which are especially — turn cause the activacion of Noral meristem identity genes to initi-
challenging for physiologists breeders and growers. Therelore, the  ate flowering (Bowman el al., 1993; Weigel el al, 1992). Flowering
regulation of Nowering and dormancy timing is important froman — repressors and promoters incorporate different signals to deter-
agronomic perspective, However, the molecular mechanisms that —— mine the progression of flowering,
regulate Nowering and dormancy are still poorly understood in mei. SVP (SHORT VEGETATIVE FHASE), belonging o the SIMADSTT
group of the MADS-box gene family, is a critical lowering repressor
in Arabidopsis (Becker and TheiBen, 2003; Hartmann et al, 2000),
Recent malecular coning and functional analyses of SVP suggested

+ Coresponding i that SWP may be another central regulator of the lowering regula-
-l aidress: AT 26,00 0. Zhang)

Ity ffebchoi orgy 10, 10 6 scienka 200 612003
OG0T H6 Elsevier B, All rights resenved.
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Abstract

The floral transition is a crucial developmental event, but little is known
about the underlying regulatory networks in seasonally and
continuously flowering roses. In this study, we compared the genetic
basis of flowering in two rose species, Rosa chinensis ‘Old Blush’, which
flowers continuously, and R. odorata var. gigantea, which blooms in
early spring. Gene ontology (GO) terms related to methylation, light
reaction, and starch metabolism were enriched in R. odorata var.
gigantea and terms associated with sugar metabolism were enriched in

R. chinensis ‘Old Blush’ during the floral transition. A MapMan analysis
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Abstract Goto: ¥

Mei (Prunus mume) is a peculiar woody ornamental plant famous for its inviting fragrance in winter.
However, in this valuable plant, the mechanism behind floral volatile development remains poorly defined.
Therefore, to explore the floral scent formation, a comparative transcriptome was conducted in order to
identify the global transcripts specifying flower buds and blooming flowers of P. mume. Differentially
expressed genes were identified between the two different stages showing great discrepancy in floral
volatile production. Moreover, according to the expression specificity among the organs (stem, root, fruit,
leaf), we summarized one gene cluster regulating the benzenoid floral scent. Significant gene changes were
observed in accordance with the formation of benzenoid, thus pointing the pivotal roles of genes as well as
cytochrome-P450s and short chain dehydrogenases in the benzenoid biosynthetic process. Further,
transcription factors like EMISSION OF BENZENOID I and ODORANT I performed the same expression
pattern suggesting key roles in the management of the downstream genes. Taken together, these data
provide potential novel anchors for the benzenoid pathway, and the insight for the floral scent induction
and regulation mechanism in woody plants.
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Isolation and functional characterization of SVP-like genes in
Prunus mume

k[ Elsevier | QB0 [Hix=: 22

{E&: L, Yushu, Zhou, Yuzhen, Yang, Weiru...

{#Z: The MADS-box gene SVP ( SHORT VEGETATIVE PHASE ) mediates the integration of signals involved in the
control of flowering time and flower development by interacting with MADS-box proteins. Although SVP -like
genes have been isolated from a wide range of plant species, their orthologs are not well-characterized in Prunus
mume (mei), an important ornamental and fruit plant in the East Asia. To determine the role of SVP -like genes in
mei flowering, two MADS-box genes with homology to Arabideopsis SVP, PmSVP1 and PmSVP2 , have been
identified and analyzed in mei and functionally characterized in Arabidopsis . Phylogenetic analyses revealed that
PmSVP1 and PmSVP2 fall into different sub-groups within the SVP -like gene group, which suggests distinct
functions. Furthermore, expression was generally found in vegetative tissues, and decreased during flower bud
differentiation development suggesting a role for these genes in the transition from the vegetative to

reproductive phase. Overexpression of PmSVP1 and PmSVP2 in Arabidopsis led to a range of floral phenc W72
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Simulation of photosynthetic capacity of strawberry plants

at different leaf ages

Simulation of Photosynthetic Capacity of Strawberry Plants at
Different Leaf Ages

3H ResearchGate | © FWK0 [RiE&E: 3

{F%&: Zhi-Qiang Li, Zhao-Quan Gao

f@Z:  Abstract A mathematical simulation was carried out to study the photosynthetic capacity of strawberry plants
(Fragaria X ananassa) Duch., Benihoppe) at different leaf ages. It alsoc compared the differences in chlorophyll and
protein contents in the leaves in order to provide a theoretical basis for the cultivation of high-quality and high-
yield strawberry plants. Our results indicated that the chlorophyll content in the functional leaves was 67 and 46%
higher than in the new and old leaves and that the soluble protein content in the functional leaves was 21 and
13% higher than in the new and old leaves. Strawberry leaves at different leaf ages had a significantly different
maximum photosynthetic rate; the maximum photosynthetic rate of the functional leaves was generally 1.5 times
greater than the new leaves and more than 80% greater than the old leaves. The difference in the photosynthetic
capacity of the leaves at different leaf ages was consistent with the difference in leaf structure and chlorophyll

content. The simulation indicated that the total net photosynthesis of the new and old leaves was approx Izt

DOI:  10.19026/ajfst.9.1770
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Design of a SolidWorks-based Cultivation Bed Matrix Filler
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Design of a SolidWorks-based Cultivation Bed Matrix Filler
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Abstract. In order to meet the requirement for the automatic cultivation bed matrix filling for potted
vegetables in production, a cultivation bed matrix filler, consisting of the enclosure, rotating device,
filling device, compacting device and control system, is designed with SolidWorks. The result of the
trial running of the sample unit made on the basis of this design shows that the filler as a whole works
in a stable manner and is capable of achieving automatic matrix filling for the cultivation bed. The
filler takes 30 second to complete the filling of a cultivation bed. effectively increasing work
efficiency of cultivation matrix filling and reducing the labor cost; in the meantime, the filler is
characterized by a simple structure, low cost of manufacturing and easy operation. The filler can be
wumMnfavmWthMMofWWthﬁl
bright future of promotion in the field of vegetable potting.

Introduction

In the past few years, potted vegetables have become increasingly popular, particularly some typical
W\emsmwmrknmwmdmuhkhnmedwbwﬁﬁm’m
courtyards and balconies due to their pleasant colors as well as elegant and lovely shapes and also to
eliminate the pollution in the course of vegetable cultivation so as 1o provide people with fresh, safe
and comfortable vegetables and also to beautify environment. Generally, cultivation of potted
vegetables includes the following sections as preparation of cultivation matrix, sowing or
transplanting, growing season handling and reaping. In order 1o make cultivation of potted vegetables
less difficult for the city dwellers, we adopt the potied vegetable promotion pattern including
preparation and filling of cultivation matrix and sowing or transplanting by farming business and
later providing the potted vegetable seedlings 1o the city dwellers, a pattern very popular among the
people.

The previous filling of cultivation matrix was completely done manually with low work efficiency
and labor intensity. In case of expansion of production, the labor cost will increase clearly,

As mechanical design software based on windows platform, SolidWorks can easily and quickly
create parts and compose assembly, In the meantime, it can be used 1o conduct interference check of
assemblies and analysis of dynamic simulation so as 1o provide the virtual work platform 10 the
engincering and design personnel. Thus, it has been widely applied in mechanical design. Based on
SolidWorks, Xu Yonglei designed key parts of the paddy planter [1]; Guo Yi, et al. designed the
conveying device of the seedling tray [2]: Xia Chunfeng designed the end actuator of grafted seedling
transplantation device [3]: Wang Haixin, et al. designed loosening shovel [4]; Lu Jian, et al. designed
rice seedling conveyor 5] Tang Ningning, et al. designed a flail knife of banana stalk crushing and
returning device [6]; Jiang Yanwu. et al. designed a potato sorter [7); Zheng Donghong, et al.
designed the earth sampling part of potato seeder [8]: Chu Jia, et al. designed an automatic planiting
device for grafied seedling with cut root [9); and Guo Yi, et al. designed a sprout acroponics device
[10}.

In order to mect the requirement for the automatic cultivation bed matrix filling for potied
vegetables in production, this cultivation bed matrix filler is designed based on SolidWorks and
described in this article so as to realize automatic cultivation bed matrix filling for potted vegetables

Copynght € 2018 the Authors Publashod by Atluntis Press
This 5 an open access urticle under the CC BY-NC Ixonse (htp /crentin A o4 vy
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wmmmwmmmmniwioninmmmmm.samwmm
vegetable tray seeder, consisting of the workbench, seeding device, dynamic system and control
syvﬂn.isdaigncd.Theexpeﬁmaulnmmoflmmithuedonlhisdcsignshowsdmh
mbmumwbmkmmmmmm«w«ummwmm
excellent control system, taking 12 seconds to do seed sowing in one tray in uniformity. With less
MS%ofmhudhdaMbsﬂmZ%ofWM&ﬂrmbabkmmm
wﬁmfasﬁimorvmww“mhumemmﬂwedndbyn
simple structure, low cost of manufacturing, easy operation, safety, and reliability, this seeder can
effectively increase the efficiency of vegetable tray seeding, lower labor intensity and save quantity
dmdsmeillhm)wpmmemdm'menedninwmm

Introduction

haderbh&mﬂreﬁch:yofWMni«tmy seedling is often applied in modern
vegetable production. The tray seeding devices used at present generally have complicated structures
mmhvmwhrmm.ﬂmrfm.mofwmww
seeding for tray seedling with low work efficiency but high labor intensity. Especially for the
mnll-simdvcgeubkwedtwhichueighlusﬂm!kiloumsevq thousand, there is a problem of
great waste.

Over the past few years, the computer-aid design (CAD) has become an indispensable tool in
mmpim‘mmwmmmmormm
application and technical innovation. SolidWorks has become one of the mainstream 3D CAD
solutions, effectively fedmimermdwingdesignawelluimpmvingnrpmquwi() 50 as to
achieve higher efficiency of mechanical design. Based on SolidWorks, Dai Yizheng. et al. designed
the pneumatic centralized divider [1); Li Fei, et al. designed the 3D suspended garage device [2]; Liu
Zhigang, ct al. designed the structure of the pepper picker [3); Yang Yuefeng. et al. designed the
automatic coin segregator [4]: Xuan Guantao, et al. designed the small-sized precision vegetable tray
seeder [5]; Pan Shigiang, et al. designed the corn stalk bander [6]: Wang Jingli, et al. designed the
optimized dual-disc earth covering device [7]; Guo Xiaohuan, et al. designed the scrapped film
pid-mblnder(ll:(imYl.ad.duipndhhya-opcumponicsdc\iumuuellume iD
sprout cultivation device [10].

Fathewmofnxcﬁmﬂnmimofnmm seedling for seeding mechanization,
a SolidWorks-based vegetable tray seeder is designed and described in this article. Characterized by a
- simple structure, low cost of manufacturing, easy operation, safety and reliability, this seeder is
. capable of effectively Increasing work efficiency of the vegetable tray seeding, lowering labor
{ hauity.uvhmmeqummyofseedsmedmdnchievingcxocllalnedimq@ity.Mitiseayto
I mmmmmmvwkwm
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Design of a reciprocating sprout harvester




Design of a rotary sprout harvester




Development of a design system for the sprout tid-type

irrigation device
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Effects of AM Fungi on the Infection and Growth of Glycyrrhiza wralensis

FAN Ji-hong 20U Yuan—dong, HAN Zhen—gin, L1 Yu-shu

{ Beijing Vocation College of Agriculiural, Beijing 102442, China)

Abstract; In onder o explore the effecis of AM fungi on the Clyeyrrhiza wolensis Fisch,, the effocis of AM fungi on the
growth of the scodlings were studied under pol coliure conditions. The rosulis showed that the four kinds of AM fungi can
form mycorchizal Tungi, amd significantdy promote the growth of the seedlings. The msulls showed that mycorrhizal socdlings
could signilicantly incroase the survival mie, seodling beight, ground diameter, fresh weight, dey weight, waler use efficiency
aml chlorophyll content, and cahancs the drought resistance of ¢, woaleasis seodling.

Key words; Glycyerhiza wralensis Fisch.; AM fungi; infoction ; growth
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Table 1 The basic situation of Hibiscus syriacus seedlings
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The name of Hibiscus syriacus Test number Source Heigh Ground diameter

# % Hibiscus syriacus * Hamabo® H +ik 1. 40 1.53

B % Hibiscus syriacus *Lucy” L L& 1,33 1,48

A Hibiscus syriacus * Woodbridge’ X Lti@ 1. 35 1,50

¥ A F Hibiscus svnacus “Rosa Satin” I, Ela 1.45 1. 38

# R E T2 Hibiscus svriacus *Lavender Chiffon” Bs £l 1. 50 1. 67

1.2 #Fi

1,21 GRERT R A Ak A Bk R
=SB sk 5k E T, 2013 F
120 AHF FAtR AR EHEL—H

A A B 2 2016-05-22

LB b REMLPREEKFEE R AR L2
I B (XY-YF-13-03)

F— i F A, ERAF 1082, e, BRI EFETA, @

L HF AFE R EE S RS, Email (lyangel

girl{® 163, com,

82

MR AT . 2014 R 3 A MK AR
A—10,—15,—20,—25,—30 CH 5 MEAH
Ba) DW—FLA50 sk 78 M4 af . KRB 42 24 h
Jo A — 3R A & B AT 4L AU AR E ey W T R
WL AR AT AR, FHER
MEHETERESELHRSEA Y. 2 LR
BATOX~B0Y R A 20~25 T, H A s 30
MG, 30 dEEFEAFTRINL LEARAL
hmm AR R FRFFE LN E



1t 5745 i B Pk 4 A U B 2 % 4R X BBUSR R A

K
chang bng /#xm

T S 40 i el PR e P B
FHSRBCA R

K/ B WG AR R BR

WE . ACKBRFT DRG], FIRHE, TERBPAKSA LS H@LEE
THRMT BARGIT R M AR AT ik, S45T B BARGAS T2
23, AWM T BRGT IR R REAFE B,
FAkiE): HRRT BHELERE

19 280F K, WMT B &
SERER, MARETHRT AR
BEE. B, xEH., £8. B
AFAABRELEZTRIZ—i
£, WMTFFEREEEE, 2
R E5RHLMZKELR, M
EWkeyU R, BFHEGDAR

A ST 69 5 & N 2 2 1) T
A, RTFEREEHIRES
B, BMF AR L REFHE
2] A2 o
20260 F K Ak, M&
SHABT RGE—F B, A
RIFEA FRF K0 KR

K. B FMHLGKE, AL
AR BEAR AP Fo 5T H 4 R R 69 35 54
LRFETES LW K RE %,
ARTAB IR Y, WFTRE
HgRALHMATZOMERN, T
Ak 3K 69 4 K] A A E A AR E K,
“XH. FH. FRER” R
21



RMREHELKEFHF

L2016k REMH G BES BB ¥ 2016F
s | O FAETH
S bl b5 1 LK

IR BES

[T : o TR MM L AR, B E SN B A RIS LA 0, I8 LR R R R LK K, B3R
MAE LK . B AR 52 b R H T/ il ot RO b o ORI B 3 T, A0 LR A R BRSSP E R ik
f%ite, XORIER AR 3 BAE, TR AR % Al

L idr] = Jhatdalb Bk 2 pR

[4+35]1 : TU986. 55






