& International Journal of Genomics and Data Mining

GAVIN PUBLISHERS

Review Article

Sharma N, et al. Int ] Genom Data Min 01: 108

DOI: 10.29011/2577-0616.000108

Flowering Gene and Genomic Region in Fruit Crops: A Tool for
Future Breeding

Nimisha Sharma', Sanjay Kumar Singh', Jai Prakash', Ajay Kumar Mahato?, Manish Srivastav', Awtar Singh', Nagendra
Kumar Singh?

'Division of Fruits and Horticultural Technology, ICAR-Indian Agricultural Research Institute, New Delhi, India

“National Research Centre on Plant Biotechnology, ICAR-Indian Agricultural Research Institute, New Delhi, India

Keywords: Fruit Crops; Flowering Gene; Gene Regulation;

“Corresponding author: Nimisha Sharma, Division of Fruits and Horticultural Technology, ICAR-Indian Agricultural Research
Institute, New Delhi, 110012. India. Tel: +911125843214; Fax: +9125843214; E-Mail: nims17sharma@gmail.com

Citation: Sharma N, Singh SK, Prakash J, Mahato AK, Srivastav M, et al. (2017)Flowering Gene and Genomic Region in Fruit

Crops: A Tool for Future Breeding. Int ] Genom Data Min 01: 108. DOI: 10.29011/2577-0616.000108
Received Date: 12 May,2017; Accepted Date:19 May, 2017; Published Date: 29 May, 2017

/
Abstract

Flowering in fruit trees, is of immense importance in the reproductive success and enhancing crop productivity. The
ability to control the timing of flowering is a key strategy for planning production in perennial fruit crops. A thorough under-
standing of floral transition with complex genetic network, regulated by multiple environmental and endogenous signals is the
primary requirement. With the availability of the draft genome sequences of some fruit crops, it is now possible for undertak-
ing molecular genetic studies on this aspect. This paper reviews the current understanding of the molecular mechanisms of
flowering in fruit cropsand their possible manipulation for economic gains.

~

Model Plant

Abbreviations:

AG Agamous

AFL Apple Floricaula/Leafy
AGL AgamousLike

AP Apetala

CO Constans

FBP Floral Binding Protein
FHA Forkhead

FLC Flowering Locus C
FLD Flowering Locus D
FLK Flowering Locus K
FT Flowering Locus T
FRI Frigida

GI Gigantea

LFY Leafy

)
LD : Luminidependens
PI : Pistillata
SOC1 Supressor of Constans 1
SQUA Squamosa
SVPp : Short Vegetative Phase
TFL : Terminal Flower
SMZ Schlafmutze
SNZ : Schnarchzapfen
TFL : Terminal Flower Locus
VID : Vernalization Independence
Introduction

Flowering in fruit trees is of immense importance in the re-
productive success and enhancing crop productivity. The repro-
ductive success and yield depends on the number and quality of
flower buds formed on a tree. Development of flower bud is a com-
plex phenomenon comprising of morphological and physiological
processes under the control of numerous factors including external
and internal signals [1]. The factors controlling the floral transition
determined by certain complex growth correlations [2]. Therefore,
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many external and internal factors controlling flowering behavior
have been worked out. Major pathways related to flowering in fruit
trees include environmental induction through photoperiod, ver-
nalization, autonomous floral initiation, interaction of gibberellins,
auxins and abscisic acid, and aging by sequentially operating miR-
NAs (typically miR156 and miR172) responding to endogenous
signals. The balance of signals from these pathways is integrated
by a common set of flowering genes (FLC, FT, LFY, and CO1I) that
determine the flowering time [3,4]. Recent studies have indicated
that epigenetic modifications, alternative splicing, antisense RNA
and chromatin silencing regulatory mechanisms play an important
role in this process by regulating related flower induction gene ex-
pressions [2-5]. Dynamic changes between chromatin states facili-
tating or inhibiting DNA transcription, regulate the expression of
floral induction pathways in response to environmental and devel-
opmental signals [4]. The ability to control the timing of flowering
is a key strategy for regulation of flowering and vis-avis fruiting in
perennial fruit crops. A thorough understanding of floral transition
achieved through by understanding the complex genetic network
and regulation by multiple environmental and endogenous signals
is the primary requirement. This paper reviews the current under-
standing of the regulatory factors related to flowering in fruit crops
and the possible impact on manipulation of juvenility and flower-
ing time.

Genetic Control of Flowering

Like any other ontogenic event, flowering in both seedling and
vegetativelypropagated plants occur after a vegetative pre-requi-
site is over. However, in perennial fruit crops where the juvenile
period is in general longer, effective manipulation of this event is
desired in modern production system since it influences produc-
tion and productivity. Recent studies have highlighted that regula-
tory mechanisms play an important role in flowering of perennial
fruit crops [2,3,5]. Genome sequencing of some fruit crops would
precisely assist future molecular genetic studies, like linking genes
to biological processes and traits along with their functions[6,7].
Understanding the key interactions between environmental factors
and genetic mechanisms controlling the induction and develop-
ment of inflorescences, flowers, and fruits, juvenility/ precocity are
also important areas that require increased empbhasis, especially
given on the large seasonal fluctuations in flowering and yield
experienced per se by the crop.This becomes more pertinent un-
der increasing concern for the effects of climate change, erratic
weather patterns on existing fruit producing regions. Under these
changed situations, it can be expected that extensive genomic and
transcriptome analyses would allow identification of the complete
gene set for each class of regulatory genes, the sub-sets of genes
involved in every regulatory process, related signal transduction
systems, and the corresponding downstream metabolic networks,
focusing the selection of candidate gene(s) for the final analyses of

biological functions [3-6].

However, there are still several experimental bottlenecks, and
novel approaches which are needed to be developed for decipher-
ing gene function assignment in fruit crops. The insight achieved
on these aspects on Arabidopsis and other model plant species
represents important resource to study flowering in fruit crops to
uncover similarities and differences [5-7]. Flowering involves the
sequential action of two groups of genes: those that switch the fate
of the meristem from vegetative to floral (floral meristem identity
genes), and those that direct the formation of the various flower
parts (organ identity genes) [6,7].Research attempts on trees are
quite expensive, slow owing to long juvenility and thushave often
been major bottleneck in successful production of several perenni-
al horticultural species. Recently, the development of genomic and
transcriptomic tools has contributed to the better understanding of
the metabolic and molecular processes involved in floral biology
and the related mechanisms.

Sequence Homology of Flowering Genes

Most of the present understanding of flower induction
process have come from studying flowering regulatory genes in
Arabidopsis thaliana [6]. In general, perennial flowering gene or-
thologues have been shown to function akin to their Arabidopsis
namesakes. Mouhu,et al.[7]searched homologs for 118 Arabi-
dopsis flowering time genes from Fragaria ssp. by EST sequenc-
ing and bioinformatics analysis and identified 66 gene homologs
that by sequence similarity, putatively correspond to genes of all
known genetic flowering pathways. Some of the first homeotic
genes designated (MdMADSI-MdMADS4) of floral development
in apple (Malus domestica Borkh.) has been isolated from the cul-
tivar ‘Fuji’. These genes are expressed in the inflorescence and
floral meristem. The expression of both MdMAD1 and MdMADS?2
genes was higher duringthe early stages of flower development,
suggesting their role in the initiation of flower organs. The gene
MATFLI is expressed in apple vegetative tissue, such as apical
buds, seedling stems and roots but not in reproductive tissue such
as floral organs. Recently, two different types of cDNA for LFY
homologues were isolated from six maloid species, namely, AFLI-
Fuji and AFL2-Fuji for apple, PpLFY-1and PpLFY-2 for Japanese
pear, PcLFY-1and PcLFY-2 for European pear, CoLFY-1 and CoL-
FY-2 for quince, CsLFY-Iand CsLFY-2 for Chinese quince, and
EjLFY-1 and EjLFY-2 for loquat [8].The presence of two different
LFY homologues in maloid plants may reflect the polyploidy ori-
gin of Maloideae. Regardless of the types and species, the two LFY
homologues were expressed in buds, where flower primordia are
formed, suggesting that both homologues could play an important
role in floral bud formation in the sub-family, i.e., Maloideae of
the Rosaceae. TFL homologues were transcribed mainly in buds
before floral differentiation. Details of flowering gene for homol-
ogy search have been shown (Table 1) & (Table 2).
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Flowering Gene(s)

Plant

Reference

FT and CiFT

Trifoliate orange(Poncirus trifoliate
L. Raf.), ‘Moncada’ mandarin, sweet
orange [Citrus sinensis (L.)], Satsuma

mandarin (Citrus unshiu Marc.).

[35,56,57, 13]

CsPH5,CsPHS5 6 Citrus sp. [68]
TFL, LFY & AP Citrus sinensis L. [63,14,16]
AP3,SOC1, WUS, ‘Sl;l;é}r[fig?g}g;?:éf;LFY, SOC, 3 CiFT, Citrus sp. [69.47.70]
DNA methylation of CiLFY,AP, FT Citrus sp. [71]
FCA-like chromosome 9, NC 023054.1 Sweet orange (Citrus sinensis) [105]
FT/TFL1 VuMADSI, VuMADSS5, VvMADS10 and VAP1 Grapevine (Vitis vinifera) [72,73, 15, 20]
FCA, FA, FT,AP3, FLC, FY, protein EARLY FLOWERING, LAR?2 Wine grape (Vitis vinifera) [105]
FTMiCOL, MiFT,MiGA 20-0x, MiGA3-ox and MADS-box cDNA Mango (Mangifera indica L.) [74,59,75]
AGAMOUS MADS-box factor Banana (Musa sp.) [76,77,78]
MuaMADS1;MuaMADS3 Wild banana (Musa acuminata)
FLC, FLT, LFY, CO1,Fi& floral organ formation gene Perennial plants [5,1]
MAFT1 &MdFT2 Apple (Malusxdomestica Borkh.). [58]
35S::LFY Apple (Malusxdomestica cv‘Pinova’) [39]
MATFL1-1 MdTFL1-2, MdCOL1, MdCOL?2,
MdGA200x1a,MdGA30xb,MdGA20x8a, MdAFB6,Md-MADS, ARF, Apple (Malusdomestica Borkh.). [74,8,79,80]
AFL2, MdFT, MdAPland MdTFL1
35S::BpMADS4 Apple (Malusdomestica cv ‘Pinova’) [64]
35S::MdFT Apple (Malusdomestica cv ‘Pinova’) [38]
CiFT, RHV region Pears (Pyrus communisL.) [36,81]
PpTFLI-1 &PpTFLI-2 Japanese pear (Pyrus pyrifolia) [8]
PeTFLI-1&PcTFLI-2 European pear (Pyrus c.’ommunis subsp. (8]
communis),
New self-incompatibility alleles, S-RNase, F-box, SFB and QTL on G5 Apricot (Prunus armeniaca L.) [82-85]
F-box, MiFT, FY,FPA, ﬂowering}g]i()cvmoting factor, MADS-box protein Japanese apricot (Prunus mume) [86.87,105]
F-box, QTL in G4,G1, G3 & G7; PrdMADS 1,2,3 Almond (Prunus dulcis) [88-90]
PrpMADS 2.,4,6 Peach(Prunus persica)
MADS-box gene Peach (Prunus persica) [91]
CoTFLI-1 & CoTFLI-2 Quince (Cydonia oblonga) [8]
EjTFLI-1 & EjTFLI-2 Loquat (Eriobotrya japonica) [8]
FY-likechromosome LG6, NC_020496.1 Wild strawberry(Fragaria vesca) [92,105]
QTL in LG4, LG6, LG7 Prunus sp., peach, apricot and sweet [93]

cherry

Table 1: Flowering Gene and Genomic Region in Fruit Plants.

Volume 01; Issue 02




Citation: Sharma N, Singh SK, Prakash J, Mahato AK, Srivastav M, et al. (2017)Flowering Gene and Genomic Region in Fruit Crops: A Tool for Future Breeding. Int J

Genom Data Min 01: 108. DOI: 10.29011/2577-0616.000108

SNo. Plant Name NCBI (GENE) database
1 Arabidopsis thaliana 385
2 Silene noctiflora 199
3 Glycine max 61
4 Oryza sativa 27
5 Oryza sativa japonica 26

Group

6 Solanum tuberosum 26
7 Setariaitalica 21
8 Solanum lycopersicum 21
9 Cucumis sativus 19
10 Oryza brachyantha 18
11 Prunus mume 18
12 Cicer arietinum 17
13 Medicago truncatula 15
14 Populus trichocarpa 15
15 Fragaria vesca 14
16 Citrus sinensis 14
17 Vitis vinifera 14
18 Zea mays 12
19 Physcomitrella patens 12
20 Brachypodium distachyon 10
21 All other taxa 108

Table 2: Flowering Gene Submitted in NCBI GENE Database (2017).

Floral Signal Pathway

In several species, flowering ability has been demonstrated
to be influenced by the integration of environmental signals from
the photoperiod and vernalization pathways[9-11]. Horticultural
trees generally initiate flowers in response to either an environ-
mental stimulus or autonomously. There is some evidence that the
mechanisms through which environmental stimuli act are similar
between annual plants and horticultural trees. Vernalization acts
on the meristem and leaves in Arabidopsis thaliana to suppress
floral repressors, but in mango cool temperatures are sensed in the
mature leaves that generate a signal that is exported to the mer-
istem to promote flowering. Mango appears to be more analogous
to photoperiodic induction in Arabidopsis, or to the effects of am-
bient temperature on genes of the autonomous flowering pathway
[12]. Satsuma mandarin F'7 orthologue mRNA levels increased
with the seasonal onset of cool temperatures during the time of flo-
ral induction[13]. There is evidence that LFYand AP/orthologues
isolated from sweet orange [14] and grapevine [15] act as floral

promoters; and evidence that 7FL/ orthologues isolated from cit-
rus [16] and grapevine [15] act as floral inhibitors. Expression of
LFY and AP homologues in perennials is also associated with
floral and inflorescence buds. Expression of these genes appears to
follow a bimodal pattern related to the two seasons that are needed
to flower. This has been studied in detail in the case of grapevine,
apple and citrus. For the TFL/-like genes of apple and citrus, con-
stitutive expression in Arabidopsis has been shown to cause a late
flowering phenotype, similar to that of plants over expressing the
Arabidopsis TFLIgene. These events and their expression pat-
terns, suggests a role for the 7FLI-like genes of these perenni-
als in maintaining indeterminacy of the shoot meristems within
the developing bud (Table 3) [17-20]. Molecular genetic analysis
of seasonal patterns of flowering in diverse annual and perennial
species has demonstrated some common features. In particular,
vernalization-response pathways have evolved independently in
different plant species as repressors of photoperiodic pathways un-
til plants have been exposed to winter temperatures. Furtheremore,
the activation of transcription of F7-like genes by day length is a
feature of photoperiodic response with different regulatory mecha-
nisms. Indeed, CETS proteins, particularly,like but also TFL1 like
proteins, have important role in all species examined, and in peren-
nials, the importance of the repressive function of 7FL1 like genes
appears to be increased. In addition, though FT like genes are char-
acteristically involved in floral promotion, they can control other
seasonal responses, such as repressors of vernalization response or
induction of tuberization and growth [21]. The environmentally re-
sponsive transcription factors converge on a small number of floral
integrator genes that initiate the early stages of flowering, and this
convergence creates a coordinated response to seasonal cues. The
genes G/, FKFI, CO and FThave major regulatory roles in this
pathway [22,23].

In plants, initiation of the reproductive phase is regulated
by an elaborate network of floral signaling pathways, which in-
clude the photoperiodic, vernalization, autonomous, light-qual-
ity and ambient temperature pathways [24-26]. This is mainly
modulated by two floral integrators, the /7 and the SOC! genes
[27-30]. Both genes have been described as floral promoters and
their overexpression induce early-flowering phenotypes [31-33].
These ultimately regulate expression of the F7T gene. Flowering
is promoted when FTprotein is produced in permissive photope-
riods and moves through the phloem to the apex where it forms a
complex with FD and activates expression of the floral meristem
identity genes (Figure 1). The fact that plants are incapable of initi-
ating flowering during juvenility even when environmental growth
conditions are conducive suggests that inhibitory mechanisms may
suppress induction of F7 during juvenility and hence prevent pre-
mature flowering [34].
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Several studies have demonstrated that modification of the
genes involved in floral induction by a transformation approach
successfully shortens the juvenile period. For example, overex-
pression of A¢F'T-homologous genes accelerates flowering time in
apple, plum, poplar, citrus and pear [33,35-38], while repression
of TFL1-like genes has a similar effect in apple and pear [39-40].
Overlaid on this general pattern of age-related phase change, TEM
can be considered as a floral repressor that acts on multiple points
in the photoperiod and GA flowering pathways. TEM may have
a more general role in regulating juvenility in a range of herba-
ceous and woody species [34]. Yamagishi,et al. [41] reported a
novel technology that simultaneously promotes expression of Ara-
bidopsis AtFT and silencing of apple MdTFLI-Iusing an ALSV
vector to accelerate flowering time and life cycle in apple seed-
lings. When apple cotyledons were inoculated with ALSV-AtFT/
MATFLI immediately after germination, more than 90% of infect-
ed seedlings started flowering within 1.5-3 months, and almost all
early-flowering seedlings continuously produced flower buds on
the lateral and axillary shoots. Cross-pollination between early-
flowering apple plants produced fruits with seeds, indicating that
ALSV-AtFT/MATFLI inoculation successfully reduced the time
required for completion of the apple life cycle to 1 year or less.
Apple latent spherical virus was not transmitted via seeds to suc-
cessive progenies in most cases, and thus, this method will serve as
a new breeding technique that does not pass genetic modification
to the next generation. Some other examples of ectopic expression
of flower inducing genes in woody perennial fruit trees are shown
in (Table 1) and (Table 3). Gene MdTFLI has a key role in the
regulation of juvenility, flower induction and development in ap-
ple. TFLIhas an opposite function to LFYand AP/and belongs to
the group of PEBP proteins. Plant PEBP proteins can be grouped
into three main clades: the MFT-,FT- and TFLI-like subfamilies
[42,43]. Those TFL1-like genes for which a function has been
found have role in the control of plant development, usually in
flowering. TFLI in woody perennials and 7FL/ homologues have
been studied in few perennial dicots; species such as orange tree
(Citrus sinensis) [16], apple (Malus domestica) [44], Metrosideros
excels [19] and grapevine [20] (Table 3).

Gene Function Refer-
ence
Transcription factor of the
Cco FT gene [94,95]
Transition from the vegeta-
tive to the reproductive stage.
FT, PtFTI, CiFT, Hd3a, Implicated in the formation [69,96]
and SFT of axillary meristems ’
Promoting early flowering in
citrus
Initiation of flower organs in
MdMAD Iand MdMADS?2 [80]
apple
Enhance the transcription of
SOC1 the floral meristem identity [97]
gene LFY
Repressing of the floral
FLC pathway integrators CO, LFY [98]
and SOC1
Suppress the transcription of
FLD, FLK and LD FLC activate the floral induc- [99]
tion gene FT
FRI and VIP Up-regulated FLC gene [100]
Suppress the floral pathway
SMZ, SNZ and TFL integrator genes and floral [101]
meristem identity genes
Repressor of TFL/and initia-
LFY tion of floral meristems as [99]
well as floral organs
Activates organ identity
API and AP2 genes such as AP3, Pl and [102,99]
AG
Inflorescence meristem iden-
TFLI tity gene and a floral inhibitor [102,99]
MIKC-type and MADS-box | Transcriptional activation of [103]
genes flowering gene
Proper development of petal,
MADS-box and SEP genes | stamen and carpel identity in [104]
Arabidopsis
. . Convert leaves to organs
Ectopic expression of AG,
AP3, Pl and SEP3 that resemble stamens flower [104]
organ development
Expressed in citrus which
LFY and API drastically reduced the length [63]
of the juvenile phase
Down regulation of this gene
led to flower induction in
MATFLI apple controlling the transi- [40]

tion from the juvenile/vegeta-
tive to the reproductive phase
in apple.

Volume 01; Issue 02




Citation: Sharma N, Singh SK, Prakash J, Mahato AK, Srivastav M, et al. (2017)Flowering Gene and Genomic Region in Fruit Crops: A Tool for Future Breeding. Int J

Genom Data Min 01: 108. DOI: 10.29011/2577-0616.000108

AFLI and AFL2 Upregula- .
tion led to flower induction Upre.gulatllo " l.e d to flower [40]
. induction in apple
in apple
FLC. TFL] and SVP Repressors gf the floral path- 98]
way integrators

Table 3: Flowering Gene(S) and their Function(S) in Fruit Crops.

A remarkable increase in the expression of genes encoding
proteins associated with calcium-dependent auxin polar transport
resulted into reduction in bud endogenous auxin levels [45], and
an increase in ABA-metabolizing genes, accompanied by a de-
crease in ABA levels and those of its catabolizes in buds follow-
ing de-fruiting were identified. Fruit removal resulted in relatively
rapid changes in global gene expression, including induction of
photosynthetic genes and proteins [46]. There is now some under-
standing of how the expression of flowering genes integrates with
the environment and flowering time in horticultural trees.

‘On’ and ‘Off’ Regulatory Mechanisms

Genomic analysis resulted in numerous Differentially Ex-
pressed Genes (DEGs), allowing the partial identification of mech-
anisms that convert ‘ON’ into ‘OFF’ buds [47]. In citrus, there are
four highly CAXhomologous genes and the expression of a CAX3
homologue was highly induced following de-fruiting. Transduc-
tion of Ca®* signals is carried out by specific calcium-binding pro-
teins, containing a common structural motif called the ‘EF-hand’,
a helix—loop—helix structure that binds a single Ca*'ion [48]. A sig-
nificant up-regulation of a few genes encoding EF-hand proteins
in ‘OFF’ and DEF buds compared with their level in ‘ON’ buds.
Four of the up-regulated EF-hand genes show remarkable homol-
ogy to the genes encoding PBP1 that interacts physically with PID
protein kinase, regulating its activity in response to changes in cal-
cium levels [49]. Gene PID regulates the polarity of PIN proteins
[50], which are known to direct auxin flow [51]. NPH3-like pro-
teins have recently been shown to affect PIN localization [52,53].
The Citrus NPH3-like gene induced in ‘OFF’ and DEF buds com-
pared with ‘ON’ buds. Higher levels of IAA in ‘ON’ buds reflect
their inability to distribute IAA efficiently via the Ca*“dependent
PIN-based polar auxin transport mechanism. In addition, efficient
auxin removal from the bud appears to be a key component in
transforming the ‘ON’ bud into an ‘OFF’ bud. The involvement of
auxin in flowering inhibition following an ‘ON’-Crop year was re-
cently suggested [45,54]. The application of auxin polar transport
inhibitors resulted in flowering induction in a number of fruit trees
[54]. The parallel reduction in endogenous ABA and TAA levels
in the bud would suggest cross-talk between the ABA and [AA
signaling pathways. Such cross-talk interactions were suggested
in embryo axis elongation and root development [55], but not in
flowering control processes.

The study of the expression pattern of flowering-genes of
‘ON’ (fully loaded) and ‘OFF’ (without fruits) trees revealed that

homologues of F'T, SOC1, AP1 and LFY were negatively affected
by fruit load. Thus, CiF'T expression showed a progressive in-
crease in leaves from off trees [56]. The expression of flowering
control genes, FT, LFY, AP1, TFL and miR156-regulated SPL5in
leaves and buds of citrus, mango and apple is affected by fruit load
[47,56-59]. The expression pattern of SPL-like, miR156 and other
flowering control genes suggested that fruit load affects bud fate,
and therefore development and metabolism, a relatively long time
before the flowering induction period [47]. So, despite the rapid
progress in flowering transcriptomic and genetic studies a number
of mechanisms are still not clear and need more concerted efforts
by combining molecular tools as well as possible horticultural in-
terventions. The possible horticultural interventions to understand
the flowering mechanism in its roots. Water deficit can also be the
primary stimulus of floral induction for many other species grow-
ing in tropical and subtropical climates [60]. Increasing accumula-
tion of CsFT transcripts in leaves of trees exposed to water deficit
(Figure 1) indicated that the mechanism regulating CsFT expres-
sion is responsive to signals initiated by water deficit and cool tem-
perature as has been reported elsewhere [13]. Cool ambient tem-
peratures (5 to 20°C) and water deficit are the only factors known
to induce flowering in sweet orange (Citrus sinensis). A very little
information is available on the mechanisms underlying floral in-
duction by water deficit in sweet orange (and other tropical and
sub-tropical species) are scarce. During water deficit conditions
transcripts of four flower-promoting genes namely CsF7T, CsSLI,
CsAP1, and CsLFY were accumulated under controlled conditions.
Exposure to water deficit increased the accumulation of CsFT tran-
scripts, whereas, transcripts of CsSL1, CsAP1, and CsLFY were re-
duced. However, when water deficit was interrupted by irrigation,
accumulation of CsFT transcripts returned rapidly to pre-treatment
levels and accumulation of CsSLI, CsAP1, and CsLFY increased.
These results suggest that water deficit induces flowering through
the upregulation of CsFT and that CsFT is the leaf integrator of
flower-inducing signals generated by the exposure to water deficit
and cool temperatures in sweet orange [61].

Transgenic for Flower Induction

The biotechnological manipulation of endogenous, genetic
flowering pathways can be useful for reducing the length of the ju-
venile phase. This can be achieved through up regulating addition-
al flowering genes, use of inducible promoters to drive transgene
expression, and approaches to transmit the transgenic stimulus
through grafting/ trans grafting. One of the potential applications
for breeding involves the use of a transgenic, early-flowering geno-
type as a donor to promote flowering in a selected genotype through
graft transmission. This strategy would exploit the potential of
the FT protein to translocate, probably within the phloem stream,
across a graft union. This would eliminate the need to genetically
modify genotypes on a case-by-case basis [2]. Flachowsky, et al.
[62] engineered ‘European plum (Prunus domestica L.) BlueByrd’
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plum trees with the F7/gene from Populus trichocarpa under the
control of the 35S promoter. Transgenic plants expressing higher
levels of FT flowered and produced fruits in the greenhouse within
1 to 10 months. FT plums did not enter dormancy after cold or
short day treatments. This study demonstrates the potential for a
single transgene event to markedly affect the vegetative and re-
productive growth and development of an economically important
temperate woody perennial crop [37]. In transgenic hybrid citrus,
Citrus sinensis L. Osbeck3Poncitrus trifoliate L. Raf., flowering
appeared to be under both environmental and endogenous control
because it occurred only once a year in the spring [63].

In Malusdomestica [38,64] used 35S promoter for Bp-
MADS4, MdFT and AP1 gene, respectively for early flowering.
Similarly, Matsuda, et al. [36] used 35S:CiFT construct in Pyrus
communis cv. Lafrance and Balade that showed early flowering.
Kotoda and Wada [44] cloned Malus domesticaTFL1 (MdTFLI), a
gene highly homologous to the ArabidopsisTFL1 and Antirrhinum
CEN, which maintain the identity of inflorescence meristem. Md7-
FL1I is expressed in apple vegetative tissue, such as apical buds,
seedling stems and roots but not in reproductive tissue such as flo-
ral organs. In transgenic hybrid citrus, Citrus sinensis L. Osbeck3
Poncitrus trifoliate L. Raf., over-expression of LF'Y and AP1ortho-
logues substantially reduced the juvenile phase [63]. Other use-
ful floral induction approaches include plant virus vector-based
methods, such as those that promote expression of endogenous
genes, and Virus-Induced Gene Silencing (VIGS). Plant virus vec-
tor system can be used to add new traits to plants without altering
the host genome [65,66]. An Apple Latent Spherical Virus (ALSV)
vector containing the AtF'T was used for inoculating the 30% of
apple seedlings. These seedlings produced flowers 1.5-2 months
after inoculation (7-9 leaf stage) [67] and 10% of apple seedlings
produced early flowers when MdTFLI-Iwas silenced by VIGS us-
ing an ALSV vector. When apple cotyledons were inoculated with
ALSV-AtFT/MdTFL limmediately after germination, more than
90% of infected seedlings started flowering within 1.5-3 months,
and almost all early-flowering seedlings continuously produced
flower buds on the lateral and axillary shoots. Cross-pollination
between early-flowering apple plants produced fruits with seeds,
indicating that ALSV-AtFT/MdTFLlinoculation successfully re-
duced the time required for completion of the apple life cycle to
1 year or less. Apple latent spherical virus was not transmitted via
seeds to successive progenies in most cases, and thus, this method
will serve as a new breeding technique that does not pass genetic
modification to the next generation [41].

Conclusion

There is an urgent need to meet the challenges in fruit pro-
duction since human population is increasing day by day and with
the limited land resources, hence pressure is too high to the re-
quirement of the people. Geno-Horti concept should be employed
so that flowering genes, genomic region etc. can give better under-

standing and practically can be utilized with possible horticulture
interventions. Further efforts are needed to uncover key regula-
tors and/or regulatory mechanisms that determine the widespread
translation enhancement in response to light treatment, juvenility,
and hormonal effect.
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