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Abstract The potential biofuel crop Jatropha curcas has
very low tolerance to low temperatures, which is the bottleneck for its cultivation and commercialization. BTF3 (Basic
transcription factor 3) function as a key regulator of plant
growth and development as well as in the tolerance to biotic
and abiotic stress. JcBTF3 was isolated from J. curcas by
screening the cold stress responsive yeast hybrid library,
which has five introns and six exons that contain a single
ORF of 501 bp, encoding a protein of 166 amino acids. In
addition to its NAC domain, phylogenetic analysis suggests
that the entire sequence of the JcBTF3 protein and the gene
structure are highly conserved in the plant kingdom. One
hour of cold exposure caused a significant up-regulation
of JcBTF3, while abscisic acid, methyl jasmonate, salt and
drought stresses slightly induced its expression. Assessing expression in different tissues showed that JcBTF3 is
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expressed ubiquitously, with lower levels in the stem. Further experiments demonstrated that JcBTF3 is distributed
throughout the cytoplasm and in the nucleus. Overexpression of JcBTF3 increased the tolerance to cold stresses
in transgenic Arabidopsis. These results suggest that the
conserved BTF3 gene structure could be an important hint
for the functional identification of orthologous genes in
additional plant species and that JcBTF3 might be used to
improve the cold stress resistance of J. curcas.
Keywords Abiotic stress · BTF · Cold stress ·
Phylogenetic · Transcriptional factor

Background
Jatropha curcas is a deciduous oil tree species and widely
distributed in tropical and subtropical areas, especially in
Central and South America, Africa, India and Southeast
Asia (Liang et al. 2007). As one of the most important
energy plants, J. curcas has been considered as a droughtresistant plant and can survive in marginal land.
However, possibly due to its tropical origin, J. curcas is
a chilling sensitive plant and its sensitivity to chilling stress
restricts its extensive cultivation and distribution, which
further severely inhibits our ability to commercially exploit
this plant (Garcia-Almodovar et al. 2014; Wang et al. 2013;
Yang et al. 2012; Zheng et al. 2009; Li et al. 2013). Low
temperatures have persistent and detrimental effects on J.
curcas crops, potentially by causing a sharp decrease in
the survival of seedlings (Liang et al. 2007; Ploschuk et al.
2014). Thus, understanding the molecular mechanisms
of its responses to cold stress is crucial for improving its
stress tolerance and productivity. Combined analysis of
proteomics and chlorophyll fluorescence measurements
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have suggested that the early-stage acclimation of PSII and
the late-stage H
 2O2 scavenging are involved in the cold
response of J. curcas (Liang et al. 2007). Besides the ROS
scavenging system, flavonoids from phenylpropanoid pathway can also protect membrane lipids of J. curcas from
chilling injury (Gao et al. 2013). Recently, a comprehensive analyses of the transcriptome showed that 3178 genes
are significantly up-regulated and 1244 are down-regulated
under cold stress; functional annotation revealed that these
differentially expressed genes are related to starch catabolism, abscisic acid (ABA)-independent signal transduction
pathways, unsaturated fatty acid, and anti-oxidative enzyme
and antioxidant synthesizing, among others (Wang et al.
2013). Among the cold response molecular network, genes
encoding C-repeat binding factor transcription factors
(CBF TFs) change most dramatically, with expression up to
44–118 fold above the controls, which indicates that CBFs
could be candidates for genetic engineering to improve cold
tolerance in J. curcas (Gao et al. 2013). In our previous
study, overexpression of JcMYB2 (Peng et al. 2016), JcERF
(Tang et al. 2007) and JcDREB (Tang et al. 2011) enhance
the salt and freezing tolerance in transgenic Arabidopsis.
Basic transcription factor 3 (BTF3) is the β subunit of
the nascent-polypeptide-associated complex (NAC) and is
involved in transcription (Sawadogo and Sentenac 1990;
El-Tanani et al. 2004). The removal of the NAC from ribosome associated nascent chains results in mis-targeting of
actively-synthesized proteins to the endoplasmic reticulum
(ER) membrane and this mis-targeting can be prevented by
the addition of purified NAC proteins (Lauring et al. 1995).
In yeast, changing the expression level of EGD1and BTT1,
two homologs of BTF3, causes a minor decrease in GAL
gene induction upon culturing cells in galactose-containing
medium, which suggests that BTF3 exerts a negative effect
on the expression of several genes transcribed by RNA
polymerase ǁ (Hu and Ronne 1994). In addition, BTF3 is
associated with anti-IgM antibody-mediated apoptosis in
mammals (Brockstedt et al. 1999; Bloss et al. 2003). Grein
and Pyerin have reported that BTF3 is a substrate of protein kinase CK2 and has the specific interaction with CK2
(Grein and Pyerin 1999).
Recently, interest in plant BTF3 orthologs has begun to
increase. In Arabidposis, it has been shown that AtBTF3
(including At1g17880 and At1g73230) expression is
induced in the root under salt treatment and At1g73230 is
up-regulated by Plasmodiophora brassicae (Devos et al.
2006; Jiang et al. 2007). In addition, At1g73230 is highly
accumulated in the mature pollen of Arabidopsis (Sheoran et al. 2006). The BTF3 gene isolated from Alternaria
tenuissima can enhance the resistance to tobacco mosaic
virus (TMV) and significantly promote the growth of
wheat seedlings (Liu et al. 2009). In rice, OsBTF3 interacts with cyclin (Cooper et al. 2003) and its expression is
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down-regulated in roots under salt treatment (Yan et al.
2005). Furthermore, significant increases in chlorophyll
content, chloroplast number, photosynthetic rate, leaf
size, plant heights and stem internode length are found in
transgenic rice lines with the over-expressed gene while
remarkable decreases in above phenotypes are observed in
plants with RNAi mediated-silencing of OsBTF3 (Li et al.
2012a). Inhibition of Osj10gBTF3 has led to a considerable morphological changes during seed germination and
seedling growth (Wang et al. 2014). Therefore, OsBTF3
functions as a key regulator of growth and development
and can potentially be used in molecular breeding of rice
to improve agronomic traits. ZmBTF3b, isolated from Zea
may, is up-regulated under dehydration and down-regulated under cold, salt, ABA or salicylic acid (SA) treatment
(Zhang et al. 2010). Silencing of the NbBTF3 gene leads
to morphologically abnormal leaves and shrunken chloroplasts (Yang et al. 2007). Silencing expression of CaBTF3
will decrease expression of hypersensitive response (HR)related genes and further inhibit HR capacity (Huh et al.
2012). These findings further highlight the crucial roles
of BTF3 in the process of plant growth and development. However, the function of BTF3 in J. curcas has not
yet been investigated. In the present work, a BTF3 gene,
JcBTF3, is isolated from J. curcas by screening the yeast
hybrid library. The gene structure and the phylogenetic tree
are investigated. Its function is examined via transgenic
expression in Arabidopsis.

Methods
Plant materials and treatments
Seedlings of J. curcas were grown in pots and incubated
at 28 °C with a 16 h light/8 h dark photoperiod. For cold
stress treatments, seedlings were placed in a growth chamber at 4 °C. For salt, drought, ABA and treatment, the seedlings and transferred into the solutions of 200 mM NaCl,
20% PEG6000 and 100 µM ABA, respectively. For methyl
jasmonate (MeJA) treatment, 100 µM solution was sprayed
onto the surface of the seedlings. Both the control and
stress treated seedlings were collected and immediately frozen in liquid nitrogen after 0, 1, 3, 6, 12 and 24 h of treatment. The roots, stems, leaves and cotyledons were collected for tissue expression analysis.
Isolation of the JcBTF3 gene
The isolation process of yeast one hybrid was referenced
to Jing Yang’s Doctoral Dissertation (Yang 2009) and previous report (Yang et al. 2010). Total RNA was extracted
from J. curcas seedlings using a Trizol Kit (Invitrogen,
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USA) according to the manufacturer’s protocol. After DNA
was removed with RNase-free DNase I (TaKaRa, Japan),
500 ng RNA was used for first-strand cDNAs synthesis
(TaKaRa, Japan). cDNA for amplification of the 5′ and 3′
ends of JcBTF3 was prepared by using a S
 MART™ RACE
cDNA Amplification Kit (Clontech, Japan). The RACE
primers for JcBTF3 were designed based on the results of
Sanger sequencing of partial sequence of JcBTF3. The 5′
and 3′ ends of JcBTF3 were cloned following the manufacturer’s instructions. The primers for amplifying the
full-length cDNA of JcBTF3 were designed based on the
sequence of the 5′ and 3′ RACE clones (Additional file 1).
PCR was conducted according to the user’s manual (Clontech, USA).
Genomic DNA was prepared from 3-week-old J. curcas
seedlings using the Plant Genomic DNA Rapid Extraction
Kit (Tiangen, China). The genomic DNA sequence was
amplified using the same primers as for full length cDNA
amplification. All the PCR products were cloned into the
pMD19-Tvector (TaKaRa, Japan) and sequenced by Sangon Biotech (Shanghai).
Phylogenetic analysis of JcBTF3
The BTF3 gene sequence of 21 plants were downloaded
from Phytozome v10.2.1 (http://phytozome.jgi.doe.gov/
pz/portal.html) and that of humans was downloaded from
NCBI (http://blast.ncbi.nlm.nih.gov). The introns and
exons were identified according to their annotation (Additional file 2).
We used a virtual translation of the JcBTF3
sequence as the query to search for similar sequences
in the NCBI protein database (http://blast.ncbi.nlm.
n i h . g o v / B l a s t . c g i ? P R O G R A M = b l a s t p & PA G E _
TYPE=BlastSearch&LINK_LOC=blasthome) and 65 of
the retrieved sequences, representing several phytogroups,
including 3 animals, were selected for further alignment.
The alignment was conducted by MUSCLE in MEGA 5.2
and adjusted manually. Then, a phylogenetic tree was constructed based on the multiple sequence alignment using
the neighbor-joining (N-J) method in MEGA 5.2 with
1000 bootstrap replicates. Based on this result, the protein
logos of NAC domain and the whole BTF3 protein were
created on the WEBLOGO (http://weblogo.berkeley.edu/
logo.cgi). In addition, the three-dimensional spatial structure of the NAC domain of JcBTF3 was predicted by using
CPHmodels-3.0.
Analysis of JcBTF3 expression level
To discern in which tissues JcBTF3 is expressed, RNA
was isolated from the roots, stems, rhizomes, leaves, and
young spikes of 3-week-old J. curcas grown in greenhouse
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conditions. For identification of the response of JcBTF3 to
abiotic stress in J. curcas, cold, salt, drought, MeJA and
ABA treatment were performed prior to sample collection.
The SYBR® PrimeScript™ PCR Kit (TaKaRa, Japan)
was used for qPCR. Each 20 μl qPCR volume was subjected to 40 cycles of 94 °C for 5 s and 60 °C for 20 s. Each
test was run in triplicate. After the qPCR program, the relative RNA ratios were calculated using the 2 −ΔΔCt formula.
All qPCR experiments were performed at least three times
using independent samples. The primers used for qPCR are
listed in (Additional file 1).
Transcriptional activity and subcellular localization
of JcBTF3 protein
The entire coding region of JcBTF3 was inserted into the
BamHI and SalI sites of pBridge to yield a fusion protein
in frame with the GAL4 DNA binding domain. The primers used for PCR are listed in Additional file 1. The recombinant plasmid was sequenced to ensure that encoded an
intact fusion protein. The recombinant plasmid was transformed into yeast AH109 with the reporter genes His3 and
LacZ according to the manufacturer’s instructions (Clontech, Palo Alto CA, USA). pBridge-JcDREB (Tang et al.
2011) was used as a positive control. The empty pBridge
vector served as a negative control. Transformed yeast were
cultured on SD medium.
The entire coding region of JcBTF3 was inserted into the
NcoI and SpeI sites of the vector pCambia1302, in frame
with green fluorescent protein (GFP) to yield a fusion protein. The GFP protein was fused with the carboxyl terminal of the JcBTF3 protein in the recombinant vector. The
recombinant plasmid was transformed into Agrobacterium
tumefaciens EHA105, which was then used to perform gene
transfer in Arabidopsis. The plasmid pCambia1302 without
JcBTF3 gene was used as the control. The T
 0 seeds were
plated on half-strength sterile MS medium with 25 mg/l
hygromycin selection pressure; surviving T
 1 seedlings were
transferred to soil to set T
 2 seeds. T
 2 seedlings were used
for the subsequent GFP observation.
The root cell in division zone of transformed Arabidopsis were observed under a laser confocal scanning microscope (Zeiss LSM 510 META, Jena, Germany). The excitation and radiation wavelengths were 488 and 508 nm,
respectively. The image were edited by Image J software
(http://imagej.nih.gov/ij/).
To confirm the expression of the of JcBTF3-GFP fusion
protein, we performed the western blot in this study. The
total protein of the entire transformed Arabidopsis seedlings were extracted using the Plant tissue Total Protein
Extraction Kit (101Bio, Palo Alto, CA). Total 20 μg protein were separated by electrophoresis on the 10% PAGE
and then electro-transferred onto the PVDF membrane.
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After that, the anti-GFP (ab290, Abcam Trading (Shanghai) Company Ltd., China) and HRP-labeled Goat AntiRabbit IgG (ab6721, Abcam Trading (Shanghai) Company
Ltd., China) were used for the western blot according to the
manual of Western Blot Box (Sigma-Aldrich, Shanghai,
China).
Analysis of stress tolerance in transgenic plants
The full-length JcBTF3 cDNA was ligated into p3301-121
(reconstructed by our lab) under the control of the CaMV
35 S promoter. Arabidopsis plants were transformed by
the floral dip method. The T
 0 seeds were plated on halfstrength sterile MS medium with 10 mg/l PPT selection
pressure; surviving T1 seedlings were transferred to soil
to set T2 seeds. T
 2 seedlings were used for the subsequent
analysis of freezing tolerance.
Both wild type and transgenic Arabidopsis plants were
grown in a mixture of turfy soil and vermiculite (2:1, v/v)
under a 14 h light/10 h dark photoperiod at 23 °C. For
cold tolerance analysis of transgenic plants, two weeks old
plants were exposed to −8 °C for 2 h, and then recovered
growth in cultivation in chambers at 23 °C for one week.
For salt stress, after cultivation on the normal MS medium
for one week, wild type and transgenic Arabidopsis were
transplanted onto medium containing 200 mM NaCl for
two weeks. Their phenotype was photographed and the
whole plants were sampled for targeted gene expression
analysis and content assays of proline. Proline content of
transgenic and wild type plants were determined according
to a previously reported method (Gajewska et al. 2006).
To explore the possible mechanisms by which JcBTF3
confers resistance, expression of P5CS1 (pyrroline-5-carboxylate synthetase, NP_001189715) and COR47 (Cold
related 47, AEE29972) were also detected. Total RNA was
extracted from transgenic Arabidopsis. First-strand cDNA
was synthesized using the Primescript II first-strand cDNA
synthesis kit (TaKaRa, Japan). AtActin (AEE76148) were
used as internal references for assessing expression levels
in Arabidopsis.

Results
Gene structure and phylogenetic analysis of JcBTF3The
cDNA sequence of JcBTF3 is 902 bp and contains one
open reading frame of 501 bp (GenBank accession:
GU937788); it encodes a protein of 166 amino acids (GenBank ace ssion: ADF59041). The full length JcBTF3 gene,
containing five introns and six exons, is 2424 bp (Fig. 1).
The start codon is located at the first nucleotide of the second exon and there are four introns in the ORF. Analysis
of the deduced amino acid sequence indicated that JcBTF3
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is a BTF3 protein with a NAC domain. The three-dimensional spatial structure of the NAC domain, predicted via
CPHmodels-3.0, shows that JcBTF3 has a typical structure
of BTF3 proteins, namely four consecutive β fold and two α
helix (Additional file 3).
According to analysis of the gene structure, we found
that there are five introns and six exons existing in BTF3
genes from most organisms examined, except the BTF3
genes of Physcomitrella patens and Zea mays, which lack
an intron in the 5′ end (Fig. 1). From the second to the fifth
exon, the structure is identical between different plant species, with exons of 68, 149, 57 and 39 bp, respectively.
Interestingly, the coding sequences of all the BTF3 genes
were disrupted by four introns.
In order to evaluate the evolutionary relationships of
BTF3 genes in plants, first we performed a phylogenetic
analysis (Fig. 2). A combined N-J tree was constructed
from alignments of the complete protein sequences of
66 BTF3 orthologs from different species. This analysis
showed that the BTF3 tree completely matches the species
tree. Second, to explore sequence conservation of BTF3
proteins, we performed sequence alignments to generate
sequence logos (Fig. 3 and Additional file 4). As shown in
Fig. 3, there are 18 completely identical amino acid residues within the NAC domain: two lysines at positions 44
and 73; a valine residue at position 48; three asparagines at
positions 49, 58 and 81; two isoleucines at positions 51 and
54; two glutamic acids at positions 55 and 56; two phenylalanines at positions 60 and 66; a proline residue at position
72; glutamine at position 75; alanine at position 76; serine
at position 77; threonine at position 82; and glycine at position 87. In addition, amino acid residues were also well
conserved throughout the BTF3 protein (Additional file 4).
Expression of JcBTF3 in different tissues
and in response to abiotic stresses
Gene expression patterns are usually related to gene’s function. To determine whether BTF3 may function in stress
responses in J. curcas, its expression pattern was analyzed
by qPCR following exposure to salt, cold, PEG, MeJA and
ABA. Although JcBTF3 is highly expressed under normal
growth conditions, it was rapidly up regulated by one hour
of cold stress and then decreased at 3 h (Fig. 4a). When
seedlings of J. curcas were subjected to MeJA, JcBTF3
transcript levels showed a slight increase at 1 h (Fig. 4b).
Meanwhile, ABA, PEG and NaCl treatment caused no obviously change in expression level (Fig. 4c–e). These results
indicate that cold stress induces a strong up regulation of
JcBTF3, while other abiotic stresses induce expression of
this gene to a lesser extent. In addition, under normal conditions, JcBTF3 transcripts were primarily observed in the
leaves, cotyledons and roots, with lower levels in the stem
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Fig. 1  The gene structure of BTF3 gene. All of the sequence information of 23 species including Jatropha carcas were provided in
Additional file 2. The number in the blue box represented the length
of UTR region, the number in the blank box was the length of the

intron and the brown font under the gene was the length of exon for
coding region. UTR meant the untranslated region and CDS meant
the coding sequence

(Fig. 4f). Thus, JcBTF3 is constitutively expressed in all
the tissues, except relatively lower in the stem.

pBridge-JcBTF3 could not grow (Fig. 5d). However, cells
harboring the pBridge-JcDREB (positive control) could
grow normally on the same medium. This result indicates that JcBTF3 does not function as a transcriptional
activator.
To determine its subcellular localization, JcBTF3
was fused to the N-terminus of GFP and transformed
into Arabidopsis. Before the detection of the subcellular localization, the western blot confirmed that the
GFP was fused with JcBTF3 (Additional file 5). GFP
fluorescence of the control plasmid CaMV35S::GFP
was detected in the whole cell (Fig. 6a–c). Similarly, the
CaMV35S::JcBTF3-GFP fusion proteins were also targeted to the nucleus and the whole cytoplasm (Fig. 6d–f).
This results suggests that JcBTF3 may function in both
the nucleus and the cytoplasm.

Transcriptional activity and subcellular localization
of the JcBTF3 protein
The transcriptional activity of JcBTF3 was tested by
using a yeast one-hybrid assay. The yeast strain AH109
containing the vector pBridge (as a negative control),
pBridge-JcBTF3 and pBridge-JcDREB (as a positive
control) could grow on SD medium without Trp (SD/Trp) (Fig. 5c), which suggested that the yeast transformation was successful. When the transformed yeast cells
were coated on the SD medium without His and Trp
(SD/-His-Trp), cells harboring the vector pBridge and
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Fig. 2  Phylogenetic analysis of
BTF3 protein. The evolutionary history was inferred using
the Neighbor-Joining method.
The bootstrap consensus tree
inferred from 1000 replicates is
taken to represent the evolutionary history of the BTF3s analyzed. The numbers above the
branches showed the bootstrap
value. The analysis involved
66 amino acid sequences. To
make it more readable, the
taxon name of the phylogenetic tree were replaced by the
genbank accession number and
the species name. Evolutionary analyses were conducted in
MEGA5.2
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Fig. 3  Sequence logos of NAC domain. Number on the X-axis represent the sequence positions in the NAC domain. The Y-axis represent the
information content measured in bits

Fig. 4  Expression patterns of JcBTF3 detected by qPCR. a Expression pattern of JcBTF3 under 4 °C cultivate condition. b Expression
pattern of JcBTF3 under 100 µM MeJA treatment. c Expression pattern of JcBTF3 under 100 µM ABA treatment. d Expression pattern

of JcBTF3 under PEG6000 (20%) treatment. e Expression pattern of
JcBTF3 under 200 mM NaCl treatment. f The organ specific expression pattern of the JcBTF3 gene. The cDNA template was normalized
by the expression level of Jcactin

JcBTF3 overexpression confers Arabidopsis with cold
tolerance

wild type plants (Fig. 7c). When ten day old seedlings of
transgenic and wild type Arabidopsis were transferred to
MS medium supplemented with 200 mM NaCl after germination on MS medium, neither of them could grow well
and both withered (data not shown). Taken together, these
results show that overexpression of JcBTF3 in Arabidopsis
confers resistance to low temperature stress but salt stress.

For the freezing tolerance test, two week old plants were
exposed to −8 °C for 2 h, and then recovered in chambers
at 23 °C for 7 days. Chilling injury was more severe in
wild type than the transgenic Arabidopsis. The transgenic
plants could recover growth better and the final survival
rate arrived to 85.6% which was more than that of the wild
type (42.7%), suggested the transgenic plants were more
tolerant to freezing stress (Fig. 7a). Meanwhile, as one of
the index of stress response, proline content was higher in
transgenic plants than that in wild type plants (Fig. 7b).
Additionally, the relative expression levels of stress associated genes P5CS1 and COR47 increased after cold stress
and were much higher in transgenic plants than that in

Discussion
Based on the phylogenetic analyses and the BTF3 gene
structures from animals, algae, mosses and spermatophytes, we propose that all of the plant BTF3 genes have
a common ancestor and have undergone high selective
pressure, though two or more paralogs exist in some plants
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Fig. 5  Transactivational assay of JcBTF3. The full-length ORF of
JcBTF3 was fused with pBridge, and the transformed AH109 yeasts
were selected on SD media. JcDREB was used as a positive control, and pBridge was used as a negative control. a Construction of

pBridge-JcBTF3 plasmids. b The position of each transformed yeast
cell. c The growth status of the transformed AH109 cells on the SD
(-Trp) media. d The growth status of the transformed AH109 cells on
the SD (-Trp/-His) media

Fig. 6  Subcellular localization of JcBTF3 protein. Photographs
a and d were taken under a dark field for green fluorescence. Photographs b and e were taken under bright light. Photographs c and
f were a combination of bright light and a dark field to illustrate

the morphology of the cells. Photographs a–c show the control
CaMV35S::GFP fusion proteins, and photographs d–e shows the
plasmid CaMV35S::JcBTF3-GFP, both GFP signal of which were
detected in the whole cell. The bar represents 10 µm

(data not shown). First, the phylogenetic tree of BTF3
proteins is almost completely consistent with the species evolutionary (Fig. 2). Second, in addition to the NAC
domain, there were many conserved amino acid residues in

other positions (Additional file 4). Furthermore, the conserved exon length and distribution (Fig. 1) also support
the hypothesis that these genes diverged from a common
ancestor. This is probably because of its very basic and
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Fig. 7  JcBTF3 overexpression confers cold tolerance in Arabidopsis.
a Phenotypic differences of transgenic and controls plants exposed
to cold stress. Line 5 and 9 meant the transgenic Arabidopsis line 5
and 9, respectively. Wild type Arabidopsis was used as control plants.
Two week old plants were exposed to −8 °C for 2 h, and then recovered cultivation in chambers at 23 °C for one week. b Measurements
of Proline concentration in wild type and transgenic Arabidopsis.
Two transgenic Arabidopsis lines were used for proline detection. All

of these samples were collected after growth for three weeks, containing the treatment time. Values are presented as mean ± SD of three
biological replicates. c The expression pattern of proline biosynthesis
and stress related COR genes. The expression profile of the candidate
genes were detected by qPCR. Actin gene of Arabidopsis was used as
an internal control. The samples were the same with the physiological
index measurement. The final relative expression levels of genes were
means of three replicates

important function involved in RNA transcription (El-Tanani et al. 2004) as well as its interaction with CK2 (Grein
and Pyerin 1999), though the reports about its biological
function in plants are very limited. Therefore, we inferred
that the conserved features of the BTF3 gene could be an
important hit for future study.
As a basic transcription factor, BTF has been shown to
be involved in many processes of plant growth and environmental adaptation. Regarding the subcellular location,
we show that the JcBTF3 protein is located in the nucleus
and throughout the cytoplasm, which has also been shown
for TaBTF3 (Ma et al. 2012), while NbBTF3 has only been
detected in the nucleus (Yang et al. 2007). Thus, we suggest
the JcBTF3 could not only function as a basic transcription
factor in the nucleus but also might play important roles in
the cytoplasm. Although its protein sequence has a high
degree of similarity to BTF3 orthologs from other plants,
JcBTF3 does not have the ability to activate transcription.
This result differs from the ZmBTF3b orthologs, which
is able to activate transcription and is highly expressed in
silks, ears and immature embryos (Zhang et al. 2010). This
result implies that, as for JcBTF3 protein, it might be necessary to combine with α subunit of the Nascent-polypeptide-associated complex to function in transcription.
In our study, JcBTF3 was rapidly up-regulated by 1 h
of cold stress (Fig. 4a) and showed a slight increase at
1 h when seedlings of J. curcas were subjected to MeJA

(Fig. 4b). Similar or converse results also have been
observed in other plants. ZmBTF3b is up-regulated under
dehydration and down-regulated under cold, NaCl, ABA
or SA (Zhang et al. 2010). In Salvia miltiorrhiza, ABA
treatment has no effect on the expression of SmBTF3,
while drought decreases its expression (Miao et al. 2009).
Xoo, ABA, SA, MeJA and ethylene treatment increase
the expression of OsBTF3 (Li et al. 2009), as does cold
stress (Li et al. 2012b).
Lack of TaBTF3 reduces the ability of plants to resist
abiotic stresses (Ma et al. 2012). Compared to wild type
plants, resistance to salt and cold stress are enhanced
highly in the seedlings of transgenic lines that overexpress OsBTF3, but decreased in RNAi-silenced OsBTF3
lines (Li et al. 2012b). Additionally, over- or underexpression of OsBTF3 regulates disease resistance in rice,
which is independent of the SA- and JA-mediated signaling pathways (Li et al. 2012c). Additionally, enhanced
cold stress resistance was observed when JcBTF3 is overexpressed in Arabidopsis (Fig. 7a), though JcBTF3 had
no transcriptional activity. Moreover, over-expression
of JcBTF3 causes increased expression of P5CS1 and
COR47 (Fig. 7c), as well as an accumulation of proline
in transgenic Arabidopsis under cold stress, suggesting
that the signal transduction regulated by JcBTF3 might
regulate proline biosynthesis and cold stress-related gene
expression.
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Conclusions
Taken together, these results provide clear evidence that the
BTF3 protein is highly conserved in the plant kingdom and
suggest a positive relationship between the expression of
JcBTF3 and tolerance to cold stress. As a whole, our study
provides a framework for better understanding the mechanisms regulated by JcBTF3 that govern J. curcas responses
to cold stress.
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