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Abstract Anthocyanins are a class of important secondary metabolites in plants and play important roles in photoprotection and
antioxidation. In this study, we cloned the JcSEUSSI gene from Jatropha curcas. Sequence alignment indicates JcSEUSS1
contains a highly conserved LIM domain, and the sequence of JcSEUSSI1 is similar to other SEUSS proteins. The expression
pattern of JeSEUSS! in different organs of Jatropha plants was analyzed by real-time fluorescence quantitative PCR, and it was
found that the gene was expressed in all tissues. Furthermore, JcSEUSS! over-expression significantly promoted the accumulation
of anthocyanin in leaves of Jatropha. The expression of chalketone synthase (JcCHS) and chalketone isomerase (JcCHI), which
are involved in anthocyanin biosynthesis, were significantly up-regulated in JcSEUSSI-transgenic lines. Our results indicate that
JcSEUSSI may positively regulate the anthocyanin synthesis in leaves of Jatropha.
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Anthocyanins are widely found in various tissues of plants and are water-soluble flavonoids pigments (Cuyckens
and Claeys, 2004). It helps plants resist oxidation and attract insect pollination, and can also be used to make
anticancer drugs (Holton and Cornish 1995; Wu et al., 2004; Li et al., 2007). At present, anthocyanin pathway is
well studied in model plants such as Arabidopsis thaliana and maize. Its metabolic pathway can be roughly
divided into three stages: In the first stage, phenylalanine, the precursor of anthocyanin synthesis, was synthesized
in phenylalanine ammonia (PAL), cinnamate-4-hydroxylase (C4H) and 4-coumarate--CoA ligase (4CL) catalyzed
the formation of 4-coumaryl-CoA. The second stage is 4-coumaryl-CoA and malonyl-CoA in chalcone synthase
(CHS), chalcone isomerase (CHI) and flavanone-3-hydroxylase (F3H) to produce flavanone and dihydroflavonol,
which is also the key stage of anthocyanin metabolism. In the third stage, dihydroflavonol was catalyzed by
dihydroflavonol 4-reductase (DFR) to produce colorless anthocyanins, followed by anthocyanin synthetase (ANS)
and flavonoid-3-O-glucosyltransferase (3GT) to produce colored anthocyanins (Holton and Cornish, 1995; Ferrer
et al., 2008). In addition, environmental factors such as light, temperature and drought, as well as levels of sucrose,
jasmonic acid and ethylene, all affect anthocyanin synthesis in plants (Christic and Jenkins, 1996; Zhang et al.,
2002; El-Kereamy et al., 2003; Hara et al., 2003; Mori et al., 2007; Sperdouli and Moustakas, 2012).

Jatropha curcas L. is a perennial woody oil crop in the family of Euphorbiaceae. Its seed oil has high commercial
value and can be used to produce biodiesel (Pandey et al., 2012) and bio-aviation fuel (Du et al., 2019).
Meanwhile, the efficient genetic transformation system of Jatropha seed lays a solid foundation for improving its
biological traits (Pan et al., 2010; Fu et al., 2015). However, current studies on functional genes of Jatropha
mainly focus on screening genes that affect its branching, flowering induction, flower organ development and
seed oil content (Li et al., 2014; Kim et al., 2014; Ni et al., 2015; Li et al., 2017; Ni et al., 2017; Khan et al., 2018;
Govender et al., 2019), there are few studies on genes that regulate anthocyanin biosynthesis. So far, only
over-expression of Jatropha curcas gene JcTPS1 could cause the accumulation of anthocyanin in Arabidopsis

1


mailto:tangmingyong@xtbg.ac.cn
mailto:zfxu@xtbg.ac.cn
http://dx.doi.org/10.5376/mpb.2022.13.0010
http://dx.doi.org/10.5376/mpb.2022.13.0010

Molecular Plant Breeding 2022, Vol.13, No.10, 1-11
MolBreadPublsher http://genbreedpublisher.com/index.php/mpb

thaliana leaves (Zhao et al., 2018, Molecular Plant Breeding, 16(1): 255-261). Anthocyanins can protect plants
from various biotic and abiotic stresses (Zhang et al., 2013; Ahmed et al., 2014). The content of anthocyanins in
the young leaves of wild Jatropha was significantly higher than that in the mature leaves, and studies showed that
the higher content of anthocyanins had a protective effect on photosystem I and photosystem II of the young
leaves of Jatropha (Ranjan et al., 2014). Jasmonic acid can induce anthocyanin synthesis in Jatropha leaves, thus
increasing the antioxidant capacity of plants (Lucho-Constantino et al., 2017).

SEUSS (SEU) is a homologue of the animal LDB (Lim-domain-binding) protein, consisting of two glutamine rich
domains and a highly conserved domain. This highly conserved domain has a high sequence similarity with the
animal LIM binding domain (Franks et al., 2002). SEU is expressed in seedlings, leaves, flowers and other tissues
of Arabidopsis thaliana and is involved in a series of growth and development processes (Franks et al., 2002; Bao
et al., 2010). It is mainly involved in the regulation of root, flower organ, ovule and embryo development of
Arabidopsis thaliana (Sridhar et al., 2006; Azhakanandam et al., 2008; Wynn et al., 2014; Gong et al., 2016). In
this study, we cloned cDNA sequence of SEUSS from Jatropha curcas (JcSEUSSI), analyzed its expression
pattern, and preliminarily studied the effect of JcSEUSS! on anthocyanin synthesis in Jatropha leaves by
overexpressing the gene in Jatropha curcas.

1 Results and Analysis

1.1 Cloning and sequence analysis of JcSEUSS

Taking Arabidopsis thaliana SEU (NP_175051) protein sequence as a reference, two sequences with high
similarity to Arabidopsis SEU were found through homologous sequence alignment in Jatropha curcas genome
database (http://www.kazusa.or.jp/jatropha/). The encoded proteins were named JcSEUSS1 (XP_012066097) and
JeSEUSS2 (XP_012066572), respectively, and their sequence identity percentage was 58.44%. JcSEUSSI cDNA
(XM_012210707) was 3 842 bp in length and CDS was 2 748 bp in length, encoding 915 amino acids. DNAMAN
software was used to compare JcSEUSSI amino acid sequences with SEU protein sequences of several other

species, and it was found that JcSEUSS1I had highly conserved LIM binding domain with other species (Figure 1),
so it could be inferred that JcSEUSS1 belonged to LIM domain protein. Phylogenetic tree analysis of JcCSEUSS1
homologous proteins from other species was performed using MEGA 10.0 software. The results showed that
JeSEUSS1 was closely related to ReSEUSS, MeSEUSS and PtSEUSS (Figure 2).

1.2 Tissue-specific expression pattern of JcSEUSS1 in Jatropha curcas

Tissue-specific expression analysis of JcSEUSSI was performed by real-time quantitative PCR in 8 tissue parts
including root, stem, young leaf, mature leaf, inflorescence, female flower, male flower and fruit. The results
showed that JcSEUSS1 was expressed in all tissues of Jatropha curcas (Figure 3). The relative expression level
was higher in roots, young leaves and inflorescence, the highest in roots, and higher in leaves than in male and
female flowers.

1.3 Over-expression of JcSEUSS1 promoted anthocyanin accumulation in Jatropha curcas leaves

In order to explore the effect of JcSEUSSI gene on the growth and development of Jatropha curcas, this study
constructed over-expressed vector 35S:JcSEUSS!I (Figure 4A) and transformed Jatropha curcas by
agrobacterium-mediated method. Fourteen independent transgenic plants were obtained (Figure 4B), and 3 TO
generation transgenic lines, L3, L4 and L7, were randomly selected for phenotypic analysis. qRT-PCR showed
that JcSEUSSI gene expression in petioles of these 3 transgenic plants was significantly up-regulated (Figure 4C).
These results indicated that L3, L4 and L7 were indeed positive plants. The expression level of L4 was the highest
and 40 times higher than that of wild type, while that of L3 was the lowest and about 3 times higher than that of
wild type.
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Figure 1 Conserved domain analysis of JcSEUSS1

Note: These homologs including Arabidopsis thaliana SEU (Accession No. NP_175051.1); Solanum lycopersicum SISEU1
(Accession No. NP _001352551) and SISEU3 (Accession No. XP 010322951); Ricinus communis RcSEUSS (Accession No.
EEF42030) and Manihot esculenta MeSEUSS (Accession No. XP_021601723); Oryza sativa Japonica Group OsSEU (Accession
No. XP_015616772); Zea mays ZmSEUSS (Accession No. NP_008670718); The dark blue shows the identically conserved protein
sequences, and the partially conserved amino acid sequences are shown in light blue and red; LIM_bind domain in these amino acid
sequences is overlined
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Figure 2 The phylogenetic analysis of JcSSEUSS1

Note: JeSEUSSI1: Jatropha curcas; RcSEUSS: Ricinus communis; MeSEUSS: Manihot esculenta; SISEU1,SISEU3: Solanum
lycopersicum; PtSEUSS: Populus trichocarpa (accession No. NP _024456170); MdSEUSS: (accession No. XP 008381721);
TcSEUSS: Theobroma cacao (accession No. NP_007019358); GaSEUSS. Gossypium arboretum (accession No. NP_017633449);
SEU: Arabidopsis thaliana; ZmSEUSS: Oryza sativa; ZmSEUSS: Zea mays; BrSEUSS: Brassica rapa (accession No.
XP_009145061); SbSEUSS: Sorghum bicolor (accession No. XP 021316829); SiSEUSS: Setaria italic (accession No.
XP_004977184); BASEUSS: Brachypodium distachyon (accession No. XP_003568560); EgSEUSS: Elaeis guineensis (accession No.
XP_010921708); DcSEUSS: Dendrobium catenatum (accession No. XP_020680333); SmSEUSS1, SmSEUSS2: Selaginella
moellendorffii (accession No. XP_ 024535463, No. XP 024520157); PpSEUSS: Physcomitrium patens (accession No.
XP_024399004); MpSEUSS: Marchantia polymorpha subsp. Ruderalis (accession No. OAE35334); Red frame: JcSEUSS1
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Figure 3 Expression level of JcSEUSS! in various organs of adult Jatropha curcas
Note: R: Roots; S: Stems; YL: Young leaves; ML: Mature leaves; IF: Inflorescences; FF: Female flowers; MF: Male flowers; Fr:
Fruits at 40 d after pollination

Subsequently, phenotypes of transgenic lines of TO generation were observed and compared, and the results
showed that both leaves and petioles of transgenic plants turned red significantly (Figure 5A; Figure 5B; Figure
5C; Figure 5D). After observation and analysis of young and mature leaves, it was found that the color of young
leaves became dark and obviously red than that of the wild type. In addition, the veins and petioles of young
leaves of the transgenic plants were dark red, different from the tender green veins and petioles of the wild type
(Figure 5E). Extraction and measurement results of anthocyanin showed (Figure 5F) that the anthocyanin content
of the young leaves and petioles of the transgenic plants was significantly higher than that of the wild type. The
anthocyanin content in the young leaves of the three transgenic plants was about 2 times higher than that in the
wild type, but the anthocyanin content in the petiole of the three transgenic plants was more obvious, and the
anthocyanin content in the transgenic plants was about 9 times higher in L3, 15 times higher in L4 and 13 times
higher in L7. These results suggested that the over-expression of JcSEUSSI can promote the synthesis of
anthocyanins in young leaves of Jatropha curcas.

By comparing the mature leaf morphology of transgenic plants, it was found that the mature leaf segments of
wild-type and different transgenic plants were all green, but the veins and petioles of transgenic plants were
obviously red (Figure 5G). After the determination of anthocyanin content (Figure SH), the anthocyanin content of
mature leaves and petioles of transgenic lines was significantly higher than that of wild type, and the increase of
anthocyanin content of petioles was more obvious. The anthocyanin content of L3 transgenic plants was not
significantly increased, while that of L4 and L7 was significantly increased compared with that of wild type, while
the anthocyanin content of petiole of 3 transgenic plants was increased by about 10 times. The results showed that
anthocyanin content was highest in L4 lines with the highest JcSEUSSI expression, and lowest in L3 lines with
the lowest JcSEUSS1 expression in both mature and young leaves and petioles. These results indicated that the
over-expression of JcSEUSSI promoted anthocyanin accumulation in Jatropha curcas leaves.

1.4 The expression of anthocyanin synthesis-related genes in petioles of transgenic Jatropha seedlings was
up-regulated

The relative expression levels of JcCHS and JcCHI, which encode key enzymes of anthocyanin synthesis, were
detected in petioles of young JcSEUSS| transgenic Jatropha. The results showed that the content of anthocyanin
in petiole of young wild-type Jatropha was low, and the expression levels of these two genes were also low.
However, the expression levels of these two genes were significantly up-regulated in transgenic plants (Figure 6),
and the relative expression trends of JcCHS and JcCHI were consistent with JcSEUSS1. These results suggested
that over-expression of JcSEUSSI gene may promote anthocyanin accumulation in Jatropha leaves by promoting
the expression of anthocyanin synthesis-related genes.
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Figure 4 Relative expression of JcSEUSS! in transgenic Jatropha

Note: A: Over-expressed vector of JcSEUSSI; NPT II: Kanamycin gene; B: PCR identification of 35S:JcSEUSSI transgenic plants;
M: Trans2K Plus || DNA Marker, 1~15: 15 independent transgenic plants (L1~L15); C: The expression level of JcSEUSS! in
wildtype and transgenic plants; Actin: positive control; WT: Wildtype Jatropha; 35S: JcSEUSSI: Transgenic Jatropha with
over-expressing JcSEUSST; L3,L4,1.7: The strain 3, 4 and 7 of JcSEUSS! transgenic Jatropha; Reference gene: JcACTI; Error bars
represent SE (n=3); *: p<0.05; **: p<0.01
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Figure 5: Over-expression of JeSEUSS1 induced the increase of anthocyanin content in leaves and petioles of transgenic Jatropha
Note: A,B: Young leaves (A) and petioles (B) in wildtype Jatropha; C,D: Young leaves (C) and petioles (D) in 35S:JcSEUSSI
transgenic Jatropha; E: Phenotype of abaxial side of young leaves of wildtype and transgenic Jatropha; F: the anthocyanin content of
young leaves and petioles in wildtype and transgenic Jatropha; G: Phenotype of adaxial side of mature leaves of wildtype and
transgenic Jatropha; H: The anthocyanin content of mature leaves and petioles in wildtype and transgenic Jatropha; WT: Wildtype
Jatropha; 35S:JcSEUSSI: Over-expressed JcSEUSSI in transgenic Jatropha; 13,14,L7: The strain 3, 4 and 7 of JcSEUSSI
transgenic Jatropha; *: p<0.05; **: p<0.01; Bar=3 cm
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Figure 6 Relative expression of JcCHS and JcCHI in young petioles of 35S:JcSEUSS| transgenic Jatropha
Note: WT: Wildtype Jatropha; 35S:JcSEUSSI: Over-expressed JcSEUSS! in transgenic Jatropha; L3, L4, L7: The strain 3, 4 and 7
of JeSEUSSI transgenic Jatropha; Reference gene: JcACTI; *: p<0.05; **: p<0.01

2 Discussion

SEU gene has been widely studied in Arabidopsis thaliana. SEU gene is expressed in seedlings, leaves,
inflorescence buds, flowers and other tissue parts of Arabidopsis thaliana, so SEU gene regulates multiple growth
and development stages of Arabidopsis vegetative growth and reproductive growth (Franks et al., 2002; Bao et al.,
2010). In this study, we found that JcSEUSS! is also a similar constitutively expressed gene in Jatropha, and
regulates the growth and development of different tissue parts of Jatropha, including leaves, male flowers, fruits
and seeds. Compared with other species, JcSEUSS! is highly conserved not only in protein sequence but also in
gene function. In Arabidopsis, the expression level of SEU gene in flowers is significantly higher than that in
leaves, so SEU mainly regulates the development of Arabidopsis flowers (Franks et al., 2002). However,
JcSEUSS1 expression level in Jatropha leaves is significantly higher than that in male and female flowers, so
there may be some differences in the function of SEU gene between Jatropha and Arabidopsis. JcSEUSSI may
have stronger effect on leaf development of Jatropha than on flower development.

In this study, we found that over-expression of JcSEUSSI gene can promote anthocyanin accumulation in
Jatropha leaves, and SEU gene has not been reported to regulate anthocyanin synthesis in other species. Although
the function of SEU in regulating anthocyanin synthesis has not been reported in Arabidopsis thaliana, the
regulatory relationship between SEU and key enzymes of anthocyanin synthesis has been found compared with
the wild type, the expression of CHS, a key enzyme gene encoding flavonoid synthesis in the mutant seu-6, was
significantly upregulated under dark or continuous light conditions (Huai et al., 2018). SEU can interact with PIF4,
both of which negatively regulate photomorphogenesis and positively regulate temperature-mediated hypocotyl
elongation (Huai et al., 2018). PIF4, a member of the helix-loop-helix (bHLH) transcription factor family, is a
negative regulator of anthocyanin accumulation induced by red light (Liu et al., 2015). In this study, we found that
over-expression of JcSEUSSI resulted in significantly upregulation of JcCHS and JcCHI genes (Figure 6). qPCR
results showed that the expression of JeSEUSSI was significantly increased in transgenic plants without gene
silencing (Figure 4). This contrasts with the effect of SEU on CHS expression in Arabidopsis (Huai et al., 2018),
suggesting that the function of JcSEUSS! in Jatropha may differ from that of its homologue in model plant
Arabidopsis. This difference may be related to the fact that transgenic Jatropha seeds in this study were planted in
tropical areas with strong light and high temperature, because previous studies have shown that light intensity and
light quality have important regulatory effects on anthocyanin accumulation in plants (Dong et al., 1998). CHS
gene encodes chalcone synthase, the first key enzyme in flavonoid synthesis (Tropf et al., 1995). CHS gene
expression requires UV-B and UV-A/blue light induction (Christie and Jenkins, 1996). In Arabidopsis,
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over-expression of CHS gene can increase the tolerance of leaves to strong light (Zhang et al., 2018). CHI encodes
chalcone isomerase, whose main function is to convert yellow chalcone produced by CHS into colorless
flavanones. CHI is also a key enzyme in the anthocyanin synthesis pathway (Burbulis and Winkel-Shirley, 1999).
Its expression also requires light induction (Song et al., 1998). In conclusion, both CHS and CHI are necessary
enzymes for photoinduced anthocyanin synthesis pathway in plants, and the expression levels of JcCHS and
JcCHI in Jatropha JcSEUSSI overexpressed plants were significantly up-regulated, suggesting that JcSEUSS!
may be involved in photoinduced anthocyanin synthesis pathway in Jatropha plants. Regulation of JcCHS and
JeCHI gene expression promotes anthocyanin accumulation in Jatropha leaves.

Jatropha is mainly cultivated in tropical and subtropical areas where both light and UV are strong, and
anthocyanins have a photoprotective effect (Lucho-Constantino et al., 2017; Pang et al., 2018). In this study, the
content of anthocyanin in the leaves and petioles of JcSEUSS! transgenic plants with overexpression increased by
2~10 times (Figure 5F; Figure 5H), so that these transgenic materials could be used to develop excellent
stress-resistant Jatropha seeds.

3 Materials and Methods

3.1 Plant materials and cultivation

The seedlings of Jatropha seeds were cultured in tissue culture room (25°05'N, 102°69'E), Xishuangbanna
Tropical Botanical Garden, Kunming, Yunnan Province, at (26£2)°C and 14 h/d of light. Adult plants were planted
in Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Menglun Town, Mengla County,
Xishuangbanna Autonomous Prefecture, Yunnan Province (21°41'N, 101°25'E), with an average annual
temperature of 21.4°C and annual rainfall of 1 556 mm.

3.2 Cloning of full-length ¢cDNA of JcSEUSS1 from Jatropha

Silica gel adsorption method was used to extract total RNA from roots, stems, young leaves (the second young
leaf from stem tip), mature leaves (the eighth leaf from stem tip), inflorescences, female flowers, male flowers and
fruits grown for 40 days of Jatropha (Ding et al., 2008). The quality and concentration of Jatropha RNA were
determined by agarose gel electrophoresis and NanoDrop 2000 spectrophotometer. Then refer to the instructions
of TAKARA (Dalian, China) PrimeScript " Reagent Kit with gDNA Eraser for reverse transcription of RNA into
cDNA. Primers XC772 and XC773 were designed using Primer5 based on the nucleotide sequence of JcSEUSS!
obtained from Jatropha curcas genome database (http://www.kazusa.or.jp/jatropha/) (Table 1), and the full-length
cDNA of the JeSEUSSI was amplified.

Table 1 PCR primer sequences used in this study

Target templates Primers Sequences (5'-3") Usages

JeSEUSSI XC772 CGGGATCCATGGTACCCTCGGGGCCG Primers for full-length cDNA
XC773 GCGTCGACAGGGGATGGTTTCCAATCAA

JcACTI XK191 CTCCTCTCAACCCCAAAGCCAA Reference gene
XK192 CACCAGAATCCAGCACGATACCA

JcSEUSSI XD437 CACAGCAGCTGCAGTCA Primers for qRT-PCR
XD438 AGAAACAATGACTGATCTGA

JcCHS XE489 GCCCGAGTTCTTGTTGTTTGC Primers for qRT-PCR
XE490 GACGCTCAACGGAAGTATCTG

JcCHI XE491 CCATTAACGGGCCAACAATAC Primers for qRT-PCR
XE492 AGAGGAGCCAGGAGGAAAGAC

3.3 Real-time fluorescence quantitative PCR

Firstly, the primers of QRT-PCR were designed on the NCBI website (https://www.ncbi.nlm.nih.gov/). Then taking
cDNA as template, qRT-PCR was performed with the help of Roche's LightCycler 480 SYBR Green I Master Kkit.
The exported data were analyzed using LightCycler 480 software and mapped using Sigmablot software. JcACTI
gene of Jatropha was used as an internal reference, and three biological replicates were carried out in the
experiment.
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3.4 358:JcSEUSS1 plasmid construction and transformation of Jatropha

The full-length JcSEUSSI ¢cDNA was cleaved by BamHI and Sall restriction endonuclease and then ligated to
pOCA30 vector containing CaMV 35S promoter and 35S enhancer. The over-expression vector 35S:JcSEUSS!
was constructed and transformed into Jatropha by agrobacterium-mediated transformation. In this study, the
cotyledon of Jatropha seeds was used as transformed explants for agrobacterium infection, and kanamycin
resistance and PCR amplification were used to screen the positive plants (Pan et al., 2010; Fu et al., 2015).

3.5 Extraction of anthocyanins from Jatropha seeds

In this experiment, according to the modified extraction method of anthocyanin proposed by Gou et al. (2011), 1 g
of annual Jatropha tissue sample was taken. After freezing and milling with liquid nitrogen, 4 mL of anthocyanin
extract (5% hydrochloric acid and 80% methanol) was added, mixed and placed overnight at 4°C, centrifuged at
14 000 r/min for 20 min, and supernatant was obtained. NanoDrop2000 spectrophotometer was used to measure
the OD values at 530 nm, 620 nm and 650 nm respectively. Anthocyanin content (nmol/g)=0D;/Exv/mx1 000 000

Optical density of anthocyanin OD;=(0ODs30-ODe20)-0.1 (ODeso-ODs20)

OD;: optical density value of anthocyanin, € molar extinction coefficient of anthocyanin 4.62X 10°, v: total
volume of extraction liquid (mL), m: sample mass (g).

Authors’ Contributions

WIX was the executor of this experimental study, completed the analysis of experimental data and the writing of the first draft. MX,
TYB, TMY and XZF provided help in the experiment and participated in the revision of the paper. TMY and XZF were the architects
and principals of the project, directing the experimental design and data analysis. All authors read and approved the final manuscript.

Acknowledgments

This study was supported by the Science and Technology Program of Yunnan Provincial Science and Technology Department
(2018FB060), the Young Scientist Foundation of National Natural Science Foundation of China (31700273), and the Project of
Chinese Academy of Sciences (kfj-brsn-2018-6-008, 2017XTBG-T02).

References

Ahmed N.U., Park J.I., Jung H.J., Yang T.J., Hur Y., and Nou L.S., 2014, Characterization of dihydroflavonol 4-reductase (DFR) genes and their association with
cold and freezing stress in Brassica rapa, Gene, 550 (1): 46-55
https://doi.org/10.1016/j.gene.2014.08.013
PMid:25108127

Azhakanandam S., Nole-Wilson S., Bao F., and Franks R.G., 2008, SEUSS and AINTEGUMENTA mediate patterning and ovule initiation during gynoecium
medial domain development, Plant Physiol., 146(3): 1165-1181
https://doi.org/10.1104/pp.107.114751
PMid: 18184731 PMCid:PMC2259068

Bao F., Azhakanandam S., and Franks R.G., 2010, SEUSS and SEUSS-LIKE Transcriptional adaptors regulate floral and embryonic development in
Arabidopsis, Plant Physiol., 152(2): 821-836
https://doi.org/10.1104/pp.109.146183
PMid:20007451 PMCid:PMC2815852

Burbulis L.E., and Winkel-Shirley B., 1999, Interactions among enzymes of the Arabidopsis flavonoid biosynthetic pathway, P. Natl. Acad. Sci. USA, 96(22):
12929-12934
https://doi.org/10.1073/pnas.96.22.12929
PMid: 10536025 PMCid:PMC23169

Christie J.M., and Jenkins G.I., 1996, Distinct UV-B and UV-A/blue light signal transduction pathways induce chalcone synthase gene expression in
Arabidopsis cells, Plant Cell, 8(9): 1555-1567
https://doi.org/10.1105/tpc.8.9.1555
PMid:8837509 PMCid:PMC161298

Cuyckens H., and Claeys M., 2004, Mass spectrometry in the structural analysis of flavonoids, J. Mass. Spectrom., 39(4): 461-461
https://doi.org/10.1002/jms.622

Ding L.W,, Sun Q.Y., Wang Z.Y., Sun Y.B., and Xu Z.F., 2008, Using silica particles to isolate total RNA from plant tissues recalcitrant to extraction in
guanidine thiocyanate, Anal. Biochem., 374(2): 426-428
https://doi.org/10.1016/j.ab.2007.11.030



https://doi.org/10.1016/j.gene.2014.08.013
https://doi.org/10.1104/pp.107.114751
https://doi.org/10.1104/pp.109.146183
https://doi.org/10.1073/pnas.96.22.12929
https://doi.org/10.1105/tpc.8.9.1555
https://doi.org/10.1002/jms.622
https://doi.org/10.1016/j.ab.2007.11.030

Molecular Plant Breeding 2022, Vol.13, No.10, 1-11
MolBreadPublsher http://genbreedpublisher.com/index.php/mpb

Dong Y.H., Beuning L., Davies K., Mitra D., Morris B., and Kootstra A., 1998, Expression of pigmentation genes and photo-regulation of anthocyanin
biosynthesis in developing Royal Gala apple flowers, Aust. J. Plant Physiol., 25(2): 245-252
https://doi.org/10.1071/PP97108

Du X., Li D., Xin H., Zhou W., Yang R., Zhou K., and Hu C., 2019, The conversion of Jatropha oil into jet fuel on NiMo/Al-MCM-41 catalyst: intrinsic
synergic effects between Ni and Mo, Energy Technology, 7(5): 1800809
https://doi.org/10.1002/ente.201800809

El-Kereamy A., Chervin C., Roustan J.P., Cheynier V., Souquet J.M., Moutounet M., Raynal J., Ford C., Latche A., Pech J.C., and Bouzayen M., 2003,

Exogenous ethylene stimulates the long-term expression of genes related to anthocyanin biosynthesis in grape berries, Physiol. Plantarum, 119(2): 175-182
https://doi.org/10.1034/1.1399-3054.2003.00165.x

Ferrer J.L., Austin M.B., Stewart C., and Noe J.P., 2008, Structure and function of enzymes involved in the biosynthesis of phenylpropanoids, Plant Physiol.
Bioch., 46(3): 356-370
https://doi.org/10.1016/j.plaphy.2007.12.009
PMid: 18272377 PMCid:PMC2860624

Franks R.G., Wang C.X,, Levin J.Z., and Liu Z.C., 2002, SEUSS, a member of a novel family of plant regulatory proteins, represses floral homeotic gene
expression with LEUNIG, Development, 129(1): 253-263
https://doi.org/10.1242/dev.129.1.253
PMid: 11782418

Fu Q., Li C., Tang M., Tao Y.B., Pan B.Z., Zhang L., Niu L., He H., Wang X., Xu Z.F., 2015, An efficient protocol for Agrobacterium-mediated transformation
of the biofuel plant Jatropha curcas by optimizing kanamycin concentration and duration of delayed selection, Plant Biotechnol. Rep., 9(6): 405-416
https://doi.org/10.1007/s11816-015-0377-0
PMid:26640597 PMCid:PMC4662722

Gong X., Flores-Vergara M.A., Hong J.H., Chu H.W,, Lim J., Franks R.G., Liu Z.C., and Xu J., 2016, SEUSS integrates gibberellin signaling with
transcriptional inputs from the SHR-SCR-SCL3 module to regulate middle cortex formation in the Arabidopsis root, Plant Physiol, 170(3): 1675-1683
https://doi.org/10.1104/pp.15.01501
PMid:26818732 PMCid:PMC4775121

Gou 1.Y., Felippes EF., Liu C.J., Weigel D., and Wang J.W., 2011, Negative regulation of anthocyanin biosynthesis in Arabidopsis by a miR156-targeted SPL
transcription factor, Plant Cell, 23(4): 1512-1522
https://doi.org/10.1105/tpc.111.084525
PMid:21487097 PMCid:PMC3101539

Govender N., Mohamed-Hussein Z.A., and Wickneswari R., 2019, Transcriptomic view of Jatropha curcas L. inflorescence, Challenges for a New Energy Crop,
3:111-130
https://doi.org/10.1007/978-981-13-3104-6_7

Hara M., Oki K., Hoshino K., and Kuboi T., 2003, Enhancement of anthocyanin biosynthesis by sugar in radish (Raphanus sativus) hypocotyl, Plant Sci.,
164(2): 259-265
https://doi.org/10.1016/S0168-9452(02)00408-9

Holton T.A., and Cornish E.C., 1995, Genetics and biochemistry of anthocyanin biosynthesis, Plant Cell, 7(7): 1071-1083
https://doi.org/10.2307/3870058
PMid: 12242398 PMCid:PMC160913

Huai J.L., Zhang X.Y., Li J.L., Ma T.T., Zha P.,, Jing Y.J., and Lin R.C., 2018, SEUSS and PIF4 coordinately regulate light and temperature signaling pathways
to control plant growth, Mol. Plant, 11(7): 928-942
https://doi.org/10.1016/j.molp.2018.04.005
PMid:29729397

Khan K., Kumar V., Niranjan A., Shanware A., and Sane V.A., 2018, JcMYBI, a Jatropha R2R3 MYB transcription factor, modulates lipid biosynthesis in
transgenic plants, Plant Cell Physiol., 60(2): 462-475
https://doi.org/10.1093/pcp/pey223
PMid:30476253

Kim M.J., Yang S.W., Mao H.Z., Veena S.P.,, Yin J.L., and Chua N.H., 2014, Gene silencing of Sugar-dependent 1 (JcSDPI), encoding a patatin-domain

triacylglycerol lipase, enhances seed oil accumulation in Jatropha curcas, Biotechnol. Biofuels., 7(1): 36
https://doi.org/10.1186/1754-6834-7-36
PMid:24606605 PMCid:PMC4016141
Li C.Q., Fu Q.T., Niu L.J,, Luo L., Chen J.H., and Xu Z.F., 2017, Three TFL1 homologues regulate floral initiation in the biofuel plant Jatropha curcas, Sci.
Rep., 7: 43090, DOI: 10.1038/srep43090
https://doi.org/10.1038/srep43090
PMid:28225036 PMCid:PMC5320528



https://doi.org/10.1071/PP97108
https://doi.org/10.1002/ente.201800809
https://doi.org/10.1034/j.1399-3054.2003.00165.x
https://doi.org/10.1016/j.plaphy.2007.12.009
https://doi.org/10.1242/dev.129.1.253
https://doi.org/10.1007/s11816-015-0377-0
https://doi.org/10.1104/pp.15.01501
https://doi.org/10.1105/tpc.111.084525
https://doi.org/10.1007/978-981-13-3104-6_7
https://doi.org/10.1016/S0168-9452(02)00408-9
https://doi.org/10.2307/3870058
https://doi.org/10.1016/j.molp.2018.04.005
https://doi.org/10.1093/pcp/pcy223
https://doi.org/10.1186/1754-6834-7-36
https://doi.org/10.1038/srep43090

Molecular Plant Breeding 2022, Vol.13, No.10, 1-11
MolBreadPublsher http://genbreedpublisher.com/index.php/mpb

Li C.Q., Luo L., Fu Q.T., Niu L.J,, and Xu Z.F., 2014, Isolation and functional characterization of JcFT, a FLOWERING LOCUS T (FT) homologous gene from
the biofuel plant Jatropha curcas, BMC Plant Biol. 14: 125
https://doi.org/10.1186/1471-2229-14-125
PMid:24886195 PMCid:PMC4036407

Li Y.L., Fang H., and Xu W.E,, 2007, Recent advance in the research of flavonoids as anticancer agents, Mini. Rev. Med. Chem., 7(7): 663-678
https://doi.org/10.2174/138955707781024463
PMid: 17627579

Liu Z.J., Zhang Y.Q., Wang J.E,, Li P., Zhao C.Z., Chen Y.D., and Bi Y.R., 2015, Phytochrome-interacting factors PIF4 and PIF5 negatively regulate
anthocyanin biosynthesis under red light in Arabidopsis seedlings, Plant Sci. 238: 64-72
https://doi.org/10.1016/j.plantsci.2015.06.001
PMid:26259175

Lucho-Constantino G.G., Zaragoza-Martinez F., Ponce-Noyola T., Cerda-Garcia-Rojas C.M., Trejo-Tapia G., Esparza-Garcia F., and Ramos Valdivia A.C., 2017,

Antioxidant responses under jasmonic acid elicitation comprise enhanced production of flavonoids and anthocyanins in Jatropha curcas leaves, Acta
Physiol. Plant., 39(8): 165
https://doi.org/10.1007/s11738-017-2461-2

Mori K., Goto-Yamamoto N., Kitayama M., and Hashizume K., 2007, Loss of anthocyanins in red-wine grape under high temperature, J. Exp. Bot., 58(8):
1935-1945
https://doi.org/10.1093/jxb/erm055
PMid: 17452755

Ni J., Gao C.C., Chen M.S., Pan B.Z., Ye K.Q., and Xu Z.F,, 2015, Gibberellin promotes shoot branching in the perennial woody plant Jatropha curcas, Plant
Cell Physiol, 56(8): 1655-1666
https://doi.org/10.1093/pcp/pcv089
PMid:26076970 PMCid:PMC4523387

Ni J., Zhao M.L., Chen M.S., Pan B.Z., Tao Y.B., and Xu Z.F,, 2017, Comparative transcriptome analysis of axillary buds in response to the shoot branching

regulators gibberellin A3 and 6-benzyladenine in Jatropha curcas. Sci. Rep., 7(1): 11417
https://doi.org/10.1038/s41598-017-11588-0
PMid:28900192 PMCid:PMC5595854

Pan J., Fu Q., and Xu Z.F, 2010, Agrobacterium tumefaciens-mediated transformation of biofuel plant Jatropha curcas using kanamycin selection, Afr. J.
Biotechnol., 9(39): 6477-6481

Pandey V.C., Singh K., Singh J.S., Kumar A., Singh B., and Singh R.P., 2012, Jatropha curcas: A potential biofuel plant for sustainable environmental
development, Renew. Sust. Energ. Rev., 16(5): 2870-2883
https://doi.org/10.1016/j.rser.2012.02.004

Pang D., Zhang F., Zhang Y., Wei K., Wang L., and Cheng H., 2018, Research advance on biosynthesis, regulation and function of anthocyanins in tea plant,
Chaye Kexue (Journal of Tea Science), 38(6): 606-614

Ranjan S., Singh R., Singh M., Pathre U.V,, and Shirke P.A., 2014, Characterizing photoinhibition and photosynthesis in juvenile-red versus mature-green
leaves of Jatropha curcas L., Plant Physiol. Bioch., 79: 2870-2883
https://doi.org/10.1016/j.rser.2012.02.004

Song J.Y., Lee J.S., and An C.S., 1998, Expression of CHS, CHI, and DFR genes in response to light in small radish seedlings, J. Plant Biol., 41(4): 277-282
https://doi.org/10.1007/BF03030328

Sperdouli I., Moustakas M., 2012, Interaction of proline, sugars, and anthocyanins during photosynthetic acclimation of Arabidopsis thaliana to drought stress,
J. Plant Physiol., 169(6): 577-585
https://doi.org/10.1016/j.jplph.2011.12.015
PMid:22305050

Sridhar V.V., Surendrarao A., and Liu Z.C., 2006, APETALA1 and SEPALLATA3 interact with SEUSS to mediate transcription repression during flower
development, Development, 133(16): 3159-3166
https://doi.org/10.1242/dev.02498
PMid: 16854969

Tropf S., Karcher B., Schroder G., and Schroder J., 1995, Reaction-mechanisms of homodimeric plant polyketide synthases (stilbene and chalcone synthase). A

single active-site for the condensing reaction is sufficient for synthesis of stilbenes, chalcones, and 6'-deoxychalcones, J. Biol. Chem., 270(14): 7922-7928
https://doi.org/10.1074/jbc.270.14.7922
PMid:7713888

Wu X.L., Gu L.W,, Prior R.L., McKay S., 2004, Characterization of anthocyanins and proanthocyanidins in some cultivars of Ribes, Aronia, and Sambucus and
their antioxidant capacity, J. Agric. Food Chem., 52(26): 7846-7856
https://doi.org/10.1021/jf0486850
PMid:15612766

10


https://doi.org/10.1186/1471-2229-14-125
https://doi.org/10.2174/138955707781024463
https://doi.org/10.1016/j.plantsci.2015.06.001
https://doi.org/10.1007/s11738-017-2461-2
https://doi.org/10.1093/jxb/erm055
https://doi.org/10.1093/pcp/pcv089
https://doi.org/10.1038/s41598-017-11588-0
https://doi.org/10.1016/j.rser.2012.02.004
https://doi.org/10.1016/j.rser.2012.02.004
https://doi.org/10.1007/BF03030328
https://doi.org/10.1016/j.jplph.2011.12.015
https://doi.org/10.1242/dev.02498
https://doi.org/10.1074/jbc.270.14.7922
https://doi.org/10.1021/jf0486850

Molecular Plant Breeding 2022, Vol.13, No.10, 1-11
MolBreadPublsher http://genbreedpublisher.com/index.php/mpb

Wynn A.N., Seaman A.A., Jones A.L., and Franks R.G., 2014, Novel functional roles for PERIANTHIA and SEUSS during floral organ identity specification,
floral meristem termination, and gynoecial development. Front. Plant Sci., 5: 130
https://doi.org/10.3389/fpls.2014.00130
PMid:24778638 PMCid:PMC3985007

Zhang W., Curtin C., Kikuchi M., and Franco C., 2002, Integration of jasmonic acid and light irradiation for enhancement of anthocyanin biosynthesis in Vitis
vinifera suspension cultures, Plant Sci., 162(3): 459-468
https://doi.org/10.1016/S0168-9452(01)00586-6

Zhang X.H., Zheng X.T., Sun B.Y., Peng C.L., and Chow W.S., 2018, Over-expression of the CHS gene enhances resistance of Arabidopsis leaves to high light,
Environ. Exp. Bot., 154: 33-43
https://doi.org/10.1016/j.envexpbot.2017.12.011

Zhang Y., Butelli E., De Stefano R., Schoonbeek H.J., Magusin A., Pagliarani C., Wellner N., Hill L., Orzaez D., Granell A., Jones J.D.G., and Martin C., 2013,

Anthocyanins double the shelf life of tomatoes by delaying overripening and reducing susceptibility to gray mold, Curr. Biol., 23(12): 1094-1100
https://doi.org/10.1016/j.cub.2013.04.072
PMid:23707429 PMCid:PMC3688073

11


https://doi.org/10.3389/fpls.2014.00130
https://doi.org/10.1016/S0168-9452(01)00586-6
https://doi.org/10.1016/j.envexpbot.2017.12.011
https://doi.org/10.1016/j.cub.2013.04.072

