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Spinach (Spinacia oleracea L.) is an important and nutritious green leafy vegetable, 

and there are rich carotenoids, folate, vitamin C, calcium and iron in spinach. The yields 
of spinach were approach 28 million tons in 2017 all over the world (FAO). However, 
the earlier bolting is one of the important limiting factors affecting the quality and yield 
in spinach, and it is an instant task to preventing the earlier bolting and creating the 
bolting tolerance germplasm resources in spinach breeding. The evaluation criteria 
is essential to determine whether it has entered the reproductive stage and to judge 
the timing of harvesting or breeding, but the evaluation criteria for the bolting trait 
in spinach had not been established yet. Bolting is controlled by some endogenous 
and environmental factors. The bolting variation provided extremely rich resources in 
spinach, and the abiotic stresses could induce bolting and the biochemical regulations 
such as endogenous and exogenous hormones could also influence the bolting 
mechanism. 

A diverse range of endogenous and environmental signals regulates bolting, and 
these signals are integrated into a single decision. The study on bolting characteristics 
was summarized in terms of factors influencing bolting and inheritance of bolting 
characteristics, to serve as reference for the further study in spinach. Because of its 
sensitivity to photoperiod, long-day exposure induces bolting in spinach, which is 
not good for the year-round production in spinach. Manipulating the day length and 
temperature during the growing process of spinach can prevent bolting. The previous 
studies showed that bolting tolerance is associated with an expression of an integrative 
gene network involved in environmental perception, hormone signalling, and flowering 
in the shoot apical meristem. However, the genotypic tolerance to bolting, particularly 
important for breeders, is still poorly understood in spinach. This review on bolting 
trait may lay the foundation for bolting-resistant breeding in spinach.

Introduction
Spinach is a diploid (2n = 12) that is native to the mid-east 

probably Iran Ryder [1], and it was first mentioned in China around 
600 A.D. as the herb of Persia Nonnicke [2]. It is a member of the 
family Amaranthaceae, which also contains sugar beet, chard and 
quinoa as well as some weeds like lamb’s-quarters Morelock, et al. 
[3]. Spinach is an important and nutritious green leafy vegetable, 
and there were rich carotenoids, folate, vitamin C, calcium and 
iron in spinach Dicoteau [4]. Besides, spinach is a good source 
of antioxidants and has one of the highest ORAC (oxygen radical 
absorbance capacity) values of any vegetable Prior [5]. Normally,  

 
spinach was used as a cooked vegetable or a salad or cooked meat 
and vegetable dishes or as an ingredient in fresh or frozen spinach 
or canned spinach Morelock, et al. [3]. Spinach were popular all 
around the world, and the production increased to ~28 million tons 
in 2017, including ~26 million tons accounting for 92% in China 
(http://www.fao.org/faostat/zh/?#data/QC). Spinach is a long-
day plant, which is harvested when its rostte leaves are nearly fully 
expanded at its vegetative growth stage Hartmann et al. [6]. 

The onset and development of the reproductive phase 
involve the distinct and sequential processes of bolting followed 
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by flowering Mutasa-Göttgens, et al. [7]. After transition to the 
reproductive stage with flowering and bolting, spinach loses its 
value as an agricultural product, becoming bitter and hard Abe, 
et al. [8]. Bolting is an important agronomy trait to consider in 
relation to developing spinach cultivars for year-round production, 
because of its sensitivity to photoperiod Chun, et al. [9]. Because 
some commercially grown spinach is cut multiple times Morelock, 
et al. [3], overwintered spinach that is susceptible to bolting in 
the spring reduces the number of harvests that may be taken and 
therefore reduces overall yield. To prevent this phenomenon, the 
appropriate cultivars are selected for cropping. This review would 
summarize the late-bolting research progress and the factors that 
influencing bolting in spinach, and may lay the foundation for the 
molecular design late-bolting breeding in spinach.

Evaluation Criteria for the Bolting Trait

As a quantitative trait, bolting is influenced and regulated 
by many environmental and endogenous factors (Gómez-Mena 
et al., 2001), which makes it hard to evaluate. At present, the 
identification of morphological index of bolting is the common 
evaluation criteria for the bolting traits and it mainly depends on 
subjective observation, measurement and statistics. In previous 
study, bolting rate was estimated as percentage of plants bolted 
per replication, that is: 0 = none; 1 = 1% to 20%; 2 = 21% to 40%; 
3 = 41% to 60%; 4 = 61% to 80%; 5 = 81% to 100% Goreta, et 
al. [10]. In addition, an accession was deemed ‘early bolting’, if 
any plant started stem elongation earlier than 60 d after planting, 
‘intermediate’ if bolting between 60 and 70 d, and ‘late bolting’ 
after the 70 d Chitwood, et al. [11]. Xu, et al. [12] bolting time 
was monitored daily and determined as the number of days from 
planting to the first elongation of the floral stem observed in at least 
half of the used plants for each accession. There were few studies 
on the late-bolting in spinach, and the standard of the late-bolting 
phenotype investigation has not been established yet. 

In the previous study, our team tried a set of standards, 
formulating the standards as follows: bolting stage (BS) is confirmed 
firstly, which is the days from the planting day to the day of the 
length of 50% individuals elongate stem ≥ 5cm. According to the 
elongate stem length (ESL) in bolting stage, the spinach individuals 
can be divided into five bolting levels (BL) (BL 0: ESL = 0 cm; BL 
1: 0cm < ESL ≤ 5cm; BL 2: 5cm < ESL ≤ 10cm; BL 3: 10cm < ESL ≤ 
15cm; BL 4: 15cm < ESL ≤ 20cm; BL5 : ESL ＞ 20cm). In addition, the 
bolting index (BI) could obtain, that is, BI = ∑ [(BL grade × Number 
of plants of every BL) / (Number of total plants × 5)] × 100%. The 
BI values were used to evaluate the spinach populations, ‘high 
tolerance (HT)’ if 0 < BI <0.2; ‘tolerance (T)’ if 0.2 ≤ BI < 0.4; ‘middle 
tolerance (MT)’ if 0.4 ≤ BI < 0.6; ‘low tolerance (LT)’ if 0.6 ≤ BI < 
0.8; ‘early (E)’ if 0.8 ≤ BI < 1.0 (unpublished data). The standards 
above were used to evaluate the BC1 and F2 populations from the 
parents 12S3 (late-bolting) and 12S4 (easy-bolting), and the major 
late-bolting QTL was mapped in the range of 48.12 to 49.2 Mb in 
Chromosome 1 (unpublished data).  

Factors that Influencing Bolting 

As every plant individual with a short commodity value growth 
period, spinach no longer has a good flavor when it begins to 
bolt. Therefore, it is important to find a method of inhibiting or 
delaying bolting Borkowski, et al. [13]. A wide range of genetic and 
environmental factors are involved in this transition, and signals 
from those factors are integrated into a network (Song et al. 2015). 
The factors that affect bolting in spinach include genotypes, abiotic 
stresses, biochemical regulation and other internal or external 
factors.

Different Genotypes in Spinach: The bolting variation in 
natural spinach provides extremely rich resources for breeding. 
Resistance to bolting among different cultivars has been known 
for a long time, which has the character of longer growth periods 
Webb, et al. [14]. It has been shown that the thorn varieties have a 
strong bolting tolerance. Generally, oriental cultivars that Japanese 
and other Asian customers prefer bolt easy Chun, et al. [9]. Low 
bolting rate was found in the cultivars ‘Fidalgo’, ‘Springfield’, and 
‘Springer’ Goreta, et al. [10], which will improve the efficiency of 
breeding and producing in spinach.

Abiotic Stresses: Abiotic stress factors such as chilling, 
drought, and strong light also induce bolting in spinach. Bolting 
time was negatively correlated with irradiance, which led to 
oxidative stress and might induce earlier bolting in Arabidopsis 
thaliana (Moharekar et al., 2007). Bolting is not enhanced if seed is 
exposed to low temperatures during development on the mother-
plant Wiebe [15]. But bolting rate increase if cold exposure of 
growing plants is followed by higher temperatures and long days 
(Yamaguchi, 1983). Chun et al. (1999) showed that manipulating 
the day length and temperature during transplant production 
can prevent bolting by using artificial light. Spinach is a long-day 
plant, a long photoperiod causes it to bolt and flower, Kim, et al. 
[16] reported that spinach plants began to sense the photoperiod 
during transplant production, and that flower bud development 
during this period was enhanced under a longer photoperiod. The 
photoperiod during transplant production has a significant effect on 
the percentage of bolting plant, and the delay of bolting that occurs 
when the photoperiod is reduced Chun, et al. [17]. And its flower-
stalk length increased with increasing photoperiod (e.g., at 14 DAT, 
from 15 mm at the shorter photoperiods to 80 mm at 16 hours/
day) Chun, et al. [17]. Before transplanting, short photoperiod 
treatments can retard bolting while long-day exposure induces 
bolting Goreta, et al. [10]. 

Biochemical Regulation: The tip-shoot, as a hypothermic 
sensing part, is the key part of vernalization from vegetative growth 
stage to reproductive growth stage in spinach. The information of 
bolting could be obtained by detecting the biochemical substance 
in the critical period of flower bud differentiation. In Brassicaceae, 
different varieties showed consistent regularity to the stimulation 
of phytohormones in bolting, that is, the varieties with early flower 
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bud differentiation and early bolting were sensitive to the signal 
stimulation Yu, et al. [18], which would provide the reference frame 
to our study. Phytohormones, such as gibberellins and auxin, have 
been documented to regulate flowering transition and organ size 
(Davies, 2003). Gibberellic acid (GA) can regulate various ways 
of plant growth and development such as seed germination, leaf 
expansion, stem elongation and flower development through 
promoting cell division and cell elongation Richards, et al. [19]. The 
regulation of GA metabolism plays an important role in controlling 
bolting related to day length in spinach Zeevaart, et al. [20]. Besides, 
GA has been shown to promote flowering of Arabidopsis thaliana 
by activating the LEAFY promoter, and crosstalk with photoperiod 
and vernalization pathways Yu, et al. [21]. Among chemical 
compounds, maleic hydrazide (MH) is one which inhibits plant 
growth by interfering with cell division. MH and its commercial 
preparation ‘Antyrost’ were found to have a strong inhibition on 
bolting Greulach, et al. [23,24].

Genetic Analysis of the Late-Bolting Trait

All the studies on the inheritance all over the world showed that 
the bolting trait is regulated by multigene, and early-bolting gene is 
incomplete dominant to late-bolting gene Yu, et al. [18]. In order 
to develop such spinach cultivars, it is necessary to understand 
flowering and bolting mechanisms of spinach at the genetic level. 
Genetic and molecular studies have revealed that many genes 
are involved and can be assigned to distinct regulatory pathways 
including photoperiod, vernalization, gibberellin, autonomous, 
ambient temperature, and age pathways Fornara, et al. [24]). These 
pathways converge to regulate a set of ‘floral integrator’ genes that 
integrate the outputs of the various pathways and directly activate 
the identity genes of the floral meristem Putterill, et al. [25]. These 
integrator genes include SUPPRESSOR OF OVEREXPRESSION OF 
CONSTANS 1 (SOC1), FLOWERING LOCUS T (FT), TWIN SISTER 
OF FT (TSF), FLOWERING LOCUS C (FLC)， LEAFY (LFY) and so on 
Fornara, et al. [24,25]. 

In Arabidopsis, most key flowering genes have been identified 
and functionally characterized. SOC1 encodes a MADS-box protein 
that integrates multiple flowering signals derived from photoperiod, 
temperature, hormone and age-related pathways (Lee, 2010). 
Interestingly, it has been discovered that many homologous genes 
of Arabidopsis regulate flowering in other species (Song et al., 
2015). Regulations of spinach flowering and bolting by photoperiod 
and gibberellin have been reported Zeevaart, et al. [20,26]; Lee & 
Zeevaart, 2002, Lee, et al. [27,28]. To understand spinach flowering 
and bolting mechanisms at a genetic level, one CONSTANS-like 
(COL) and two FLOWERING LOCUS T (FT) homologs were isolated 
and characterized, which are known to be key factor of the flowering 
pathway in many plants Abe, et al. [8]. Detecting the mechanisms to 
regulate pathways in control of spinach bolting could promote the 
related genetic discovering. In recent years, the molecular markers 
with bolting have been developing. 

For assessing genetic diversity within accessions, Hu, et al. 
[29] analyzed genetic variability among 38 germplasm accessions 
and 10 commercial hybrids of spinach by using target region 
amplification polymorphism (TRAP) markers. In Kuwahara’s 
study, the simple sequence repeat (SSR) data were used to study 
the population structure and genetic diversity of the 48 spinach 
accessions Kuwahara, et al. [30]. A total of 288 spinach accessions 
from United States Department of Agriculture (USDA) were used 
as the association panel to discovered the single-nucleotide 
polymorphisms (SNPs) through genotyping by sequencing (GBS), 
and three SNP markers, AYZV02001321_398, AYZV02041012_1060, 
and AYZV02118171_95 were identified to be associated with 
bolting Chitwood, et al. [11]. The draft genome sequence of spinach 
was reported, and a number of known markers and quantitative 
trait loci (QTLs) associated with bolting were obtained in the region 
from 44.7 to 50.5 Mb of Chromosome 2 Xu, et al. [12]. In addition, 
spinach and sugar beet were both belong to the Amaranthaceae 
family. In sugar beet, 40 genes associated with bolting were 
respectively obtained by amplified fragment length polymorphism 
(AFLP) and iTRAQ technology Liang, et al. [31]. The studies about 
molecular markers of bolting on other Amaranthaceae family 
specials may be laid the foundation for the further study in spinach.

Breeding of the Late-Bolting Varieties

Understanding the molecular genetic mechanism of the bolting 
could provide evidence for their application in breeding. There were 
the gaps between the bolting research and the spinach crop, and 
much work should been done to develop and analyze the bolting 
genes in spinach. The bolting genes could be applied in breeding in 
many ways, such as transformation of the bolting genes, molecular 
marker assisted selection (MAS), late-bolting genes pyramiding, 
and so on. It is our goal to take full advantage of the bolting genetic 
information for breeding.

Prospects of the Bolting Trait in Spinach

Spinach cultivation has a long history, wide geographical 
distribution and rich germplasm resources, which provide the basis 
of plant breeding and genetic research. There were a total of 1,938 
germplasm resources of spinach that have been counted in the 
world Kik [32]). The germplasm resources of spinach are widely 
used as experimental materials for the study of plant molecular 
biology and photosynthetic mechanism. Besides the bolting stage 
(BS) and the elongate stem length (ESL) that we mentioned above, 
Days to Flowering (DTF), Days to Bolting (DTB) and Number of 
leaves in flowering (NLF) are also used to identify bolting index. 
There is no uniform international standard for the bolting trait. At 
present, the identification of morphological index of bolting is the 
common evaluation criteria for the bolting traits, but this is highly 
subjective. In Chinese cabbage, the varieties with early flower 
bud differentiation and early bolting were sensitive to the signal 
stimulation Yu, et al. [18]. The content of CTK and three polyamines 
(spermidine putamine spermidine) of late bolting varieties 
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were lower than that of early bolting varieties Cheng, et al. [33]. 
These physiological changes during the bolting could be used as a 
reference for the selection of late-bolting varieties. 

The combination of physiological indexes and morphological 
index would be helpful to the study of the bolting trait. Genetic 
variation among spinach and resistance to bolting among different 
cultivars for bolting has been documented for many years Goreta, 
et al. [10], and therefore late-bolting cultivars could be developed 
through breeding efforts Brandenberger, et al. [34]. Areas with mild 
climate conditions are suitable for growing winter spinach, and 
successful production depends on choosing late bolting cultivars. 
For example, three cultivars (Fidalgo, Springfield, and Springer) 
showed late-bolting traits from a total of 18 cultivars during 8 years 
in the Winter Garden region of Texas Goreta, et al. [10]. For further 
study, we can detect the different varieties of spinach from mild 
climate condition in winter to take full advantage of the bolting 
genetic information for breeding. Bolting is regulated by seasonal 
cues to help ensure reproductive success, synchronous flowering in 
agriculture, and maximal yield. 

So it is very important to understand the mechanisms of 
reproductive phase (flowering and bolting) transition in spinach. 
Change the seasonal timing of flowering could allow the production 
of novel varieties adapted to local climatic and environmental 
conditions Jung, et al. [35]. Breeding targets for the control of 
bolting in cultivating must meet the dual, but opposing, needs for 
high yielding crops and seed production Mutasa-Göttgens, et al. [7]. 
Late-bolting spinach is preferred to increase market value, while 
early-bolting spinach is beneficial for seed production. As a long-
day plant, the photoperiod has a great limitation on the year-round 
production of spinach. Early-bolting or late-bolting is both good for 
grown spinach if it lacks the sensitivity to photoperiod. So further 
analysis need to understand both the early-bolting and late-bolting 
about the photoperiod in spinach Chun, et al. [9]. Arabidopsis 
thaliana is a model facultative long-day (LD) plant Jung, et al. [35]. 
CONSTANS (CO) plays a central role in the photoperiod pathway in 
Arabidopsis, and the CO transcription activates transcription of FT 
and TSF transcription only during long days Fornara, et al. [24]). 
CO-mutant was insensitive to the day length (Re’dei, 1962). 

In genotypes where CO transcription shifts, CO activation is no 
longer restricted to long days but also occurs during short days, 
leading to earlier FT transcription and flowering under short-day 
conditions Fornara, et al. [24]. In the next study, CO-mutant or other 
gene involved in the photoperiod pathway can be used for creating 
new germplasm to achieve anniversary production in spinach. The 
flowering genes in Arabidopsis have been well studied, making 
Arabidopsis a viable reference species for comparative genomic 
studies. To date, knowledge of the spinach genome is limited and 
few reports have been published on the use of molecular markers 
in spinach Khattak, et al. [36]. Molecular assisted selection 
(MAS) could be further used to select specific genes alleles in 
spinach breeding. Transgenic approaches are also an obvious and 

convenient option for crop improvement, and are made easier by 
the hybrid nature. The use of inducible transgenic targets enabled 
bolting and flowering to be activated only in the specified lines 
Mutasa-Göttgens, et al. [7]. To detect the genetic mechanism and 
regulatory genes of bolting traits by combining biotechnology 
with conventional breeding will be an important means for future 
research on bolting breeding of spinach [37-42].
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