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Abstract
BnSIP1-1 is a trihelix transcription factor family gene which functions in abiotic stress response and abscisic acid (ABA) 
signaling during seed germination and seedling growth of Brassica napus. In the present study, further sequence analysis 
and phenotype identification indicated that this gene had roles in light regulation and flowering of reproductive growth stage. 
Many phytohormones responsive cis-acting elements, including TC-rich repeats, GARE-motif, and TCA and TGA elements, 
were identified in the promoter sequence of BnSIP1-1. The expression of BnSIP1-1 was regulated by light period and remark-
able higher expression level of BnSIP1-1 was detected in roots than in leaves. Overexpression of BnSIP1-1 in Arabidopsis 
delayed flowering time for 3–5 days in transgenic plants. In addition, we also found BnSIP1-1 can respond to abiotic and 
ABA stress (treated with 200 mM NaCl, 300 mM mannitol or 50 μM ABA for 0, 1, 6, and 24 h) in B. napus through adjusting 
not only ABA but also other endogenous hormones, including indole-3-acetic acid and salicylic acid. Moreover, jasmonates 
(JA) signaling pathway was found not involving in the pathway of BnSIP1-1 responding to abiotic stresses.
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Introduction

Brassica napus 6b INTERACTING PROTEIN1-1, BnSIP1-
1, a SIP subfamily gene of trihelix transcription factor fam-
ily, was recently characterized playing important roles in 
abiotic stress response and ABA signaling based on the pre-
vious work of our lab (Luo et al. 2017). BnSIP1-1 was also 
the first trihelix gene functionally identified in B. napus. The 
transcript level of BnSIP1-1 can be upregulated by drought, 
ionic toxicity, and ABA treatment. Overexpression of 
BnSIP1-1 could improve the germination rate of seeds under 
osmotic and salt stress as well as increasing the tolerance to 
osmotic stress during the seedling stage (Luo et al. 2017).

As we know, the genes of trihelix family were widely 
recognized to be involved in the regulation of light-respon-
sive genes (Gilmartin et al. 1992; Kaplan-Levy et al. 2012). 
The family genes were first known as GT factors because 

they can bind GT elements of light-regulated genes, such 
as GT-1, GT-2, and GT-3a (Gilmartin et al. 1992; Hiratsuka 
et al. 1994; Ayadi et al. 2004). The core sequence of the 
GT element, 5′-G-Pu-(T/A)-A-A-(T/A)-3′, was sufficient for 
light induction and provided the factor’s name (Kaplan-Levy 
et al. 2012). More than 30 members of this family had been 
functionally revealed in different plant species. So far, there 
were more than 10 plant species in which the genomic-wide 
identification and expression profiling of trihelix family had 
been reported, including wheat, bamboo, cotton, rice, and oil 
crops (Ma et al. 2019; Cheng et al. 2019; Xiao et al. 2019; 
Mo et al. 2019; Li et al. 2019; Magwanga et al. 2019; Wang 
et al. 2016a, b, 2017, 2018, 2019; Song et al. 2016; Yu et al. 
2015; Osorio et al. 2012; Fang et al. 2010; Qin et al. 2014).

Based on the evolution relationship and conserved 
domain, the family genes are classified into five clades, 
named GT-1, GT-2, SH4, SIP1, and GTγ. The function of 
the SIP1 clade has not been widely characterized. Only a 
few SIP1 members have been functionally identified such 
as ASIL1, ASIL2, FIP2, and AST1 (Gao et al. 2009; Barr 
et al. 2012; Geraldo et al. 2009; Xu et al. 2018). FIP2 was 
the first SIP clade gene discovered playing the indirect role 
in regulating other flowering-related genes, because it can 
interact tightly with FRIGIDA (FRI) in a yeast two hybrid 
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screen (Geraldo et al. 2009). FRI and FLC together con-
ferred a vernalization requirement for flowering. However, 
fip2 loss-of-function mutants did not affect the FLC expres-
sion which could be promoted by FRI (Geraldo et al. 2009), 
and the significance of the interaction remains uncertain.

Brassica Napus is a significant oil-producing crop, espe-
cially in China. Flowering is a complicated process that is 
affected by many internal and external factors. Control of 
flowering time of B. napus means a lot for crop production 
in different geographical regions. Many QTLs and candi-
dates genes involving in flowering time variation have been 
reported (Raman et al. 2013; Wang et al. 2016a, b). A great 
number of homologues of Arabidopsis flowering genes such 
as FLC, FT, and CO have been identified as functionally 
conserved in B. napus (Tadege et al. 2001; Hou et al. 2012). 
However, the detailed molecular mechanism towards flower-
ing regulation in B. napus is still unknown. Here, through 
further identifying the function of BnSIP1-1, we found it 
has a definite function of regulating flowering time. Overex-
pressing BnSIP1-1 in Arabidopsis can delay flowering time 
for 3–5 days. In addition, our data also indicated BnSIP1-1 
was a clock gene which was regulated by light. However, 
ASIL1, the orthologue of this gene in Arabidopsis did not 
show a similar function in flowering control, suggesting 
functional differentiation of homologous genes in differ-
ent species. In addition, we further confirmed this gene can 
adjust salicylic acid (SA) and indole-3-acetic acid (IAA) 
content in plant cells. IAA and SA content were increased 
in BnSIP1-1 overexpressing transgenic plants under normal 
growth condition, and had differential response to osmotic 
stress and ion toxicity. In summary, the present study pro-
vides more information on B. napus flowering pathways 
and sheds light on the possible relationship of abiotic stress, 
flowering control, and hormone equilibrium homeostasis.

Materials and Methods

Plant Materials, Growth Conditions

Wildtype Arabidopsis thaliana Columbia ecotype (Col-0) 
seeds were used in this study. The seeds (wildtype and trans-
genic plants) were sterilized in 2% NaClO with 0.02% Triton 
X-200 and planted on Murashige & Skoog (MS) medium, 
then vernalized in the darkness at 4 °C for 3 days. The seeds 
on MS medium were transferred to a culture room at 22 °C 
with a 16-h/8-h light/dark photoperiod. After 10 days, the 
seedlings were transferred to soil and placed in a growth 
chamber at 22 °C with 40–65% relative humidity and a 16-h 
light/8-h dark photoperiod.

The B. napus lines cv. ZhongShuang 6 (Short for ZS6), 
an elite Chinese cultivar in China and their transgenic plants 
were germinated in Petri dishes in the dark at 23 °C for 

4 days. Seedlings were transferred to plastic plots filled with 
half-strength (1/2) Hoagland’s nutrient medium and grown 
in a growth chamber in a controlled environment (22 °C with 
16-h light/8-h dark, 40–65% humidity, and light intensity of 
8000 lx). All plant tissues used for further experiments were 
harvested and immediately frozen in liquid nitrogen after 
harvesting and stored at − 80 °C.

Isolation and Sequence Analysis of BnSIP1‑1 from B. 
napus

The full-length BnSIP1-1 cDNA was isolated as previ-
ously described (Luo et al. 2017). The cDNA sequence was 
subjected to BLASTn against B. napus genome database 
at NCBI. The BnSIP1-1 promoter sequence was isolated 
using a Universal Genome Walker kit (Clontech) using ZS6 
genomic DNA as templates. Putative functional cis elements 
in the promoter sequence were identified with PlantCARE 
software (bioinformatics.psb.ugent.be/webtools/plantcare/
html/).

Plasmid Construction and Plant Transformation

The CDS of BnSIP1-1 was subcloned into the PBI121S 
vector under the cauliflower mosaic virus 35S promoter 
and a terminal poly A sequence. The 35S:BnSIP1 recom-
binant vector was introduced into Agrobacterium tumefa-
ciens GV3101 by electroporation. A single positive colony 
was used to transform Arabidopsis (Col-0) and B. napus 
(ZS6). The transgenic Arabidopsis plants were generated by 
Agrobacterium-mediated floral dipping method (Clough and 
Bent 1998). The transgenic B. napus plants were generated 
by Agrobacterium-mediated method as reported previously 
(Luo et al. 2017). There were totally 17 independent T0 
generation of transgenic Arabidopsis plants and 22 inde-
pendent T0 generation of transgenic B. napus generated. 
Positive T3 generation of transgenic plants were grown for 
further experiments. The transgenic Arabidopsis lines OE-4, 
OE-5, and OE-9 were selected to represent lines with low, 
middle, and high expression level of BnSIP1-1. In addition, 
the transgenic B. napus line with highest expression level 
of BnSIP1-1 was used for detecting the IAA, JA, and SA 
Content.

RNA Extraction, cDNA Synthesis, and Transcription 
Analysis

For circadian rhythmicity expression detection of BnSIP1-
1, the leaves and roots of 15-day-old B. napus seedlings 
grown in normal cultivation condition were collected for 
RNA isolation every 4 h, which was synchronal to the light-
ing. For detecting the expression of BnSIP1-1 in wildtype 
Arabidopsis and BnSIP1-1 overexpressing transgenic 
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Arabidopsis, leaves of 4-week seedlings grown in normal 
cultivation condition were collected for RNA isolation. 
RNA extraction and the first-strand cDNA synthesis were 
performed using an RNAprep Pure Plant Kit (TIANGEN 
BIOTECH, Beijing, China) and Fast Quant RT Kit (with 
gDNase; TIANGENBIOTECH, Beijing, China) based on 
the manufacturers’ instructions. The concentration of RNA 
used for transcription in this study was about 100 ng/µl. The 
transcription analysis was performed using a SYBR Green 
kit (Bio-Rad, Hercules, CA, USA) on the CFX96 real-time 
PCR platform (Bio-Rad, Hercules, CA, USA). Three inde-
pendent biological replicates were performed and the sig-
nificance was determined through t test of SPSS statistical 
software (p < 0.05). The B. napus β-actin gene (accession 
No. AF111812.1) and Arabidopsis β-actin gene (accession 
No.AK317453.1) were used as internal reference controls, 
respectively. Relative expression levels were calculated by 
the 2−ΔΔCt method (Schmittgen and Livak 2008).

Determination of IAA, JA, and SA Content

For IAA, JA, and SA content measurement, 15-day-old 
BnSIP1-1 overexpression transgenic and wildtype B. napus 
those were cultivated in 1/2 Hoagland’s liquid nutrient 
medium were randomly transferred to plastic plots filled 
with control or stress treatment medium. ABA treatment 
was applied by adding 50 μM ABA to 1/2 Hoagland’s liquid 
medium. Salt or drought treatments were applied by add-
ing 200 mM NaCl or 300 mM mannitol to 1/2 Hoagland’s 
liquid medium, respectively. Leaves were harvested at 0, 
1, 6, and 24 h after each treatment. In order to study the 

roles of BnSIP1-1 in regulating hormone metabolism dur-
ing seedling stage, we chose a very sensitive period when 
the first pair of true leaves was unfolded. These treatment 
doses and time points were applied according to our previ-
ous study (Luo et al. 2017). Quantification of endogenous 
IAA, JA, and SA was performed by using derivatization 
approach coupled with nano-LC–ESI-Q-TOF–MS analysis 
as described (Chen et al. 2012).

Results

Characterization of the 5′‑Flanking Regulatory 
Region of BnSIP1‑1

To investigate the transcriptional regulation of BnSIP1-1, 
1429 bp 5′-flanking region upstream of the exon was iso-
lated. There were 22 cis-acting elements (Table 1). By 
comparing the types and numbers of promoter elements, 
we found that there were many cis-acting elements with 
the same function. As we expected, several defense and 
phytohormone responsive cis-acting elements were iden-
tified, including TC-rich repeats, GARE-motif, and TCA 
and TGA elements. In addition, it is noteworthy that the 
promoter sequence contained a large number of light-respon-
sive motifs, including Box-II, G-box, AE-box, GAG-motif, 
and as-2-box (Table 1). Circadian regulatory element is a 
very important motif for circadian control. The conserved 
sequence CAANNNNATC was founded at the 845 bp from 
the start codon of negative strand. The identification of light-
responsive motifs and circadian regulatory elements can 

Table 1   Putative abiotic stress, hormone, light, and circadian-related cis elements in the BnSIP1-1 promoter

Function remarks Site Name Strand Number Sequence References

Defense and stress response TC-rich repeats  +  1 ATT​TTC​TTCA​ Diaz-De-Leon et al. (1993)
− 1 GTT​TTC​TTAC​

Gibberellin responsive GARE-motif  ±  4 AAA​CAG​A Pastuglia et al. (1997)
Salicylic acid responsive TCA element − 1 CCA​TCT​TTTT​ Hennig et al. (1993)

 +  1 GAG​AAG​AATA​ Pastuglia et al. (1997)
Auxin-responsive TGA element − 1 AAC​GAC​ Pastuglia et al. (1997)
Light responsive ACE − 1 AAA​ACG​TTTA​ Feldbrügge et al. (1994)

AE-box  ±  2 AGA​AAC​AA Conley et al. (1994)
 +  1 AGA​AAC​AT
− 1 AGA​AAC​TT

Box-II  +  1 TGG​TAA​TAA​
G-box  +  1 CAC​GAC​ Nash et al. (1990)
GAG-motif − 1 GGA​GAT​G Rundle and Zielinski (1991)

 +  1 AGA​GAT​G Werneke et al. (1989)
− 2 AGA​GAG​T Bolotin et al. (2001)

as-2-box − 1 GATAatGATG​ Diaz-De-Leon et al. (1993)
Circadian control Circadian − 1 CAANNNNATC​ Pichersky et al. (1985)
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provide valuable hints for the potential relationship between 
BnSIP1-1 gene and light regulation.

Circadian Rhythmicity Regulation of Expression 
of BnSIP1‑1

Based on the identification of several light-responsive elements 
and one circadian clock-involved element in promoter region 
of BnSIP1-1 gene, we supposed the expression of BnSIP1-1 
was regulated by light. Therefore, we further tested the tran-
script level of BnSIP1-1 in leaves and roots using Real-time 
PCR at different time points. The result revealed that BnSIP1-
1 transcript in leaves was sharply decreased after short-term 
exposure to light and gradually increased lately to peak level 
during the early dark (Fig. 1). Light inhibited the expression of 
BnSIP1-1 gene in leaves, making it reach the lowest expression 
value in the middle of the day and the highest expression in the 
middle of the night. However, notably, the BnSIP1-1 presented 
reverse rhythmic amplitude of expression in roots although 
the roots did not sense light at all. The transcript of BnSIP1-1 
in roots was considerably increased when the circadian clock 
shifted from night to day, reaching transcription peak after 4 h 
of illumination. The peak level in roots was about 325 times 

higher than in leaves (Fig. 1). These data indicated BnSIP1-1 
was a clock gene with reverse regulation mode in roots and 
leaves which was regulated by light.

Changes of IAA, JA, and SA Content in Transgenic 
Plants During Stress Conditions

Hormones are considered to be primary components of the 
signaling pathways those affect plant’ growth and develop-
ment, as well as their adaptive response to environmental 
changes. Concentrations of IAA and SA in transgenic plants 
were significantly higher than those in wildtype plants under 
the CK treatment (Fig. 2). Under salt stress, the regulation 
mode of IAA in transgenic materials was completely oppo-
site to wildtype (Fig. 2). However, when under ABA and 
mannitol treatments, the change pattern of IAA amount 
in transgenic plants were similar with in wildtype plants 
(Fig. 2). In the term of the concentration of SA, only at the 
beginning (1 h) of salt treatment the change pattern of SA 
amount was opposite to wildtype. After then, the change pat-
tern in transgenic plants was similar with in wildtype plants. 
When under ABA and mannitol treatments, the change pat-
tern of SA amount in transgenic plants were similar with in 
wildtype plants. Both the JA calculated amount and change 
pattern presented no significant difference between the trans-
genic and wildtype plants under NaCl, ABA, and mannitol 
treatments. These results indicated BnSIP1-1 regulated hor-
mone metabolism as well as their response to abiotic stress 
and different hormones were regulated by different mode.

Regulation of Flowering Time

Many light-responsive genes play roles in regulation of the 
flowering process, therefore we recorded the flowering time 
of overexpressing BnSIP1-1 transgenic Arabidopsis plants to 
further identify BnSIP1-1 function. We examined the flow-
ering time of three independent lines in the homozygous 
T3 generation those were grown in greenhouse under long-
days condition. The transgenic Arabidopsis plants bloomed 
3–5 days later than wildtype Arabidopsis (Fig. 3). Moreo-
ver, the phenotypic alteration of flowering time in transgenic 
Arabidopsis was positively related to the expression of 
BnSIP1-1 in transgenic Arabidopsis. That meant the higher 
the expression of BnSIP1-1 in transgenic plants was, the 
longer the flowering time delayed. It indicated that BnSIP1-
1 regulated flowering time in a dosage-dependent manner.

Discussion

Recently, BnSIP1-1 was identified as a trihelix family gene 
mediating abiotic stress response and ABA signaling in B. 
napus (Luo et al. 2017). Overexpressing BnSIP1-1 could 

Fig. 1   Transcript quantitation of BnSIP1-1 during 24 h of light/dark 
circle. The leaves and roots of 15-day-old B. napus seedlings were 
collected every 4 h, which was synchronal to the lighting. The values 
were normalized to β-actin control. Values for each time point were 
means ± SD (n = 3). White bars: light on, dark bars: light off
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Fig. 2   Changes of endogenous hormones content in transgenic plants 
during stress conditions. 15-day-old seedlings were transferred to 
1/2 MS medium supplemented with 50 µM ABA, 200 mM NaCl, or 
300 mM mannitol for 0 h, 1 h, 6 h, and 24 h. The concentration of 

endogenous hormones IAA, JA, and SA in leaves of seedlings was 
monitored. Data were means ± SD (n = 3) for each treatment. Signif-
icant differences from control plants are indicated by *p < 0.05 and 
**p < 0.01

Fig. 3   Comparative analysis of flowering time between BnSIP1-1 
transgenic Arabidopsis and wildtype. (a) comparison of BnSIP1-1 
transcript expression level and flowering days in wildtype Arabi-
dopsis and BnSIP1-1 overexpressing transgenic plants. Data were 
means ± SD of three biological replicates. The asterisks * and ** 

indicated that the value of a t test was p < 0.05 and p < 0.01, respec-
tively, and a significant difference between the different transgenic 
lines and wildtype. b Morphological comparison of flowering time 
between BnSIP1-1 overexpressing transgenic plants and wildtype 
plants
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increase germination ability of seeds under drought, salt, 
and ABA treatment, as well as improving osmotic stress 
tolerance and ABA sensitivity during early stage of vegeta-
tive growth (Luo et al. 2017). This remarkable phenotype 
prompted us to explore the function of the gene in more 
depth. Through further study, we found additional pathways 
that BnSIP1-1 is involved in, including photoperiod, flower-
ing time, and hormone regulation.

Circadian Clock Gene BnSIP1‑1 Expressing Higher 
in Roots Than in Leaves

Based on the 24-h expression level monitoring, we found the 
transcript abundance of BnSIP1-1 in leaves and roots both 
were affected by photoperiod. As dawn approached, BnSIP1-
1 transcript in leaves decayed and reached the lowest point 
after 4 h of light (Fig. 1). Certainly, we cannot exclude the 
possibility that lower expression level may be detected if 
time points during 4 h to 8 h of light period were adopted 
to monitor. However, this result at least demonstrated that 
light repressed the transcription of BnSIP1-1 in leaves. This 
repression was not persistent because the expression level 
slowly rose when morning came and rhythmically reached 
peak before night in leaves. On the contrary, BnSIP1-1 
was expressed at peak levels after 4 h of light and sharply 
decreased after following 4 h of light. Moreover, the expres-
sion level in roots was notably higher in roots than in leaves. 
It seemed light regulated the expression of BnSIP1-1 more 
strongly in root than in leaves, although leaves were recog-
nized as plant tissue that received light (Endo et al. 2005; 
Łabuz et al. 2012). Actually, although roots are buried in 
soil, it can also perceive light signal directly by sensing light 
through root photoreceptors (Lee et al. 2016; Suzuki et al. 
2011; Sassi et al. 2012) and directly and indirectly transport-
ing of light signal by mobile signaling messengers ( Lee 
et al. 2017; Saini et al. 2013; Rakusová et al. 2016; Xu et al. 
2016). We deduced BnSIP1-1 was a potential root photore-
ceptor or regulated by mobile light signaling messengers.

BnSIP1‑1 Response to Abiotic and ABA Stress 
Through Adjusting Multiple Endogenous Hormones

ABA, IAA, JA, and SA are known to play major roles in 
mediating plant defense response against biotic and abiotic 
stresses (Bari and Jones 2009; Nakashima and Yamaguchi-
Shinozaki 2013). A previous study indicated BnSIP1-1 
changed ABA accumulation (Luo et al. 2017), therefore 
three other significant hormones IAA, JA, and SA were 
also monitored under stress treatments at this study. IAA 
is a key hormone promoting plant growth. IAA synthesis 
will be decreased and plant growth will be inhibited when 
plant cell encounters drought (Dong et al. 2019). In addition, 
osmotic stress induces increased endogenous SA amount in 

many plants (Munn-Bosch and Penuelas 2003; Miura and 
Tada 2014). SA modulates plant abiotic stress through dif-
ferent pathways such as stomatal conductance, antioxidant 
defense system, and NO production (Khokon et al. 2011; 
Saruhan et al. 2012; Hayat et al. 2008). IAA and SA con-
tent were increased in BnSIP1-1 overexpressing transgenic 
plants, indicating BnSIP1-1 played a critical role in control-
ling endogenous IAA and SA accumulation to response to 
abiotic stresses. Under ABA and mannitol treatment, the 
change patterns of IAA and SA content were similar along 
with the time extension of stress treatment time between 
transgenic plants and wildtype. Conversely, under salt stress 
treatment, the change patterns of IAA and SA content were 
different between transgenic plants and wildtype. Although 
the content of IAA and SA was higher in the transgenic 
plants than in wildtype without any stress treatment, after 
24 h of salt treatment, the content of IAA and SA decreased 
to the similar level as wildtype, which was consistent with 
the phenotype that transgenic plant cannot survive when 
treated with high concentration of salt as previously reported 
(Luo et al. 2017). It indicated that IAA and SA took part in 
the regulation pathway of BnSIP1-1 responding to drought 
and ABA stress, but not salt stress. JA mainly participates in 
the defense against insect attack and wounding (Wasternack 
and Song 2017), but recently some researchers reported it 
can also play roles in osmotic stress or salt stress (Chen et al. 
2018; Toda et al. 2013). GmSK1-overexpressing transgenic 
tobacco plants showed enhanced tolerance to high salinity 
and drought stress and its expression level can be induced 
by JA (Chen et al. 2018). Toda reported that RICE SALT 
SENSITIVE3 (RSS3) regulated root growth under salt stress 
and the expression of a significant portion of JA-responsive 
genes was upregulated in rss3 mutant (Toda et al. 2013), 
suggesting that JA played potential important roles in plant 
tolerance to abiotic stresses. However, in our study, there 
was not any difference in the content of JA under normal 
growth condition and stresses treatments between trans-
genic plants and wildtype. Moreover, the pattern of change 
in JA content was also similar between transgenic plants 
and wildtype. The results presented here suggested that JA 
did not participate in the regulation of the BnSIP1-1-related 
abiotic response-signaling pathway.

BnSIP1‑1 Can Regulate Flowering Time

Transgenic Arabidopsis overexpressing BnSIP1-1 flowered 
later compared with wildtype. This is the first SIP1 Clade 
gene of the trihelix family to be characterized with an effect 
on flowering. The homologue of BnSIP1-1 in Arabidop-
sis is ASIL1, which does not involve in flowering but is a 
regulator that represses the expression of embryonic seed 
maturation genes in vegetative tissues (Gao et al. 2009). 
Although another SIP1 clade gene FIP2 can interact with 
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FRIGIDA (FRI), the loss-of-function mutant did not show 
phenotype regarding flowering times (Geraldo et al. 2009) 
and there are no reports on the phenotype of overexpressing 
plants. It is noteworthy that BnSIP1-1 affected flowering in 
a dosage-dependent manner. Whether this manner of regu-
lation is related to the levels of ABA/SA/IAA hormone is 
still unknown and needs further study. In our previous study, 
BnSIP1-1 could promote the expression level of BnNAC45, 
however, the phenotype of overexpressing transgenic plants 
was not consistent totally because they both can increase the 
tolerance of plants to osmotic and ionic stress but BnNAC45 
OE (overexpressing) plants had ABA hyposensitivity phe-
notype, while BnSIP1-1 OE plants had ABA-tolerant phe-
notype (Ying et al. 2014; Luo et al. 2017). In this study, 
we found another inconsistent phenotype. BnNAC45 OE 
transgenic Arabidopsis bloomed about 2 days earlier than 
wildtype (Ying et al. 2014), while BnSIP1-1 OE transgenic 
plants bloomed 3–5 days later than wildtype. We speculated 
BnSIP1-1 and BnNAC45 both were involved in the ABA-
dependent abiotic stress response pathway and regulated 
plants flowering time through their circadian clock charac-
teristic but they were in different feedback regulation nodes 
of this complex signaling network. Future research should 
focus on the characterization of these genes as well as their 
relationship with hormone equilibrium homeostasis.

In conclusion, we present evidence that an abiotic 
response gene, BnSIP1-1, was also involved in light rhythm 
regulation and flowering of reproductive growth stage in 
B. napus. Light inhibited the expression of BnSIP1-1 gene 
in leaves but stimulated its expression in roots in B. napus, 
indicating this gene may be a potential root photoreceptor or 
regulated by mobile light signaling messengers. In addition, 
this gene can regulate IAA and SA, but not JA homostasis. 
Future study may provide additional insights into the mecha-
nism by which BnSIP1-1 exerts its function on both flower-
ing and abiotic stress tolerance. Whether the later flowering 
and abiotic stress-resistant phenotype of BnSIP1-1 overex-
pressing plants have direct relationship with hormone signal 
transduction and light regulation? Our study will provide 
better understanding of the molecular functions of BnSIP1-
1 in plants.
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