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Abstract 

 

Kalidium foliatum exhibits strong tolerance to salinity. NCED1 from K. foliatum was cloned, and its expression level was 

analysed under salt treatment. Whole plants were subjected to 0, 150, 200, 250, 300, 350 and 400 mM NaCl for 72 h. Total 

RNA was extracted from the leaves of 4-month-old K. foliatum seedlings. The full-length KfNCED1 cDNA was cloned with 

reverse transcription PCR, the KfNCED1 expression levels were analysed with semiquantitative RT-PCR, and the ABA contents 

from K. foliatum were examined. The KfNCED1 cDNA was 1500 bp long and included an open reading frame that encoded a 

polypeptide of 499 amino acids. The deduced amino acid sequence of KfNCED1 had significant similarity with that of 

AiNCED1. Semiquantitative RT-PCR showed that the expression of KfNCED1 could be markedly induced by salt treatment. 
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Introduction 

 

Salinity is a severe environmental stressor that is 

responsible for agricultural production losses worldwide 

(Alzahrani et al., 2019; Ravindran et al., 2007). High 

NaCl induces ionic toxicity and osmotic stress (Hossain & 

Dietz, 2016). Correspondingly, plants have evolved 

physiological adaptations such as osmolysis synthesis and 

Na
+
 exclusion. ABA (abscisic acid) is a stress hormone 

that participates in plant tolerance to salinity (Sah et al., 

2016), and it plays a critical role in stress tolerance during 

plant life cycles (Nambara & Marion-poll, 2005). 

Therefore, ABA is very important for the plant response 

to salt (Hou et al., 2013). The biosynthesis of ABA is 

regulated by environmental signals such as salt and 

drought (Seung et al., 2012), and ABA mediates stress 

signals to increase the expression of resistance genes. 

Although the importance of ABA in abiotic stress 

tolerance in plants has been well recognized, the 

molecular mechanisms of the ABA response to salt in K. 

foliatum remain poorly understood. 

ABA in plants is regulated by ABA biosynthesis 

(Ng et al., 2014); ABA is synthesized in the cytoplasm 

through the ABA biosynthesis pathway that starts with 

the catalysis of several enzymes for carotenoid 

precursors found in plants (Xu et al., 2013). To date, 

ABA biosynthesis genes, such as NCED (9’-cis-

epoxycarotenoid dioxygenase) and ZEP (zeaxanthin 

epoxidase), have been cloned (Hauser et al., 2011). The 

first step in ABA biosynthesis is the cleavage of 9-cis-

neoxanthin or 9-cis-violaxanthin by the NCED enzyme 

to produce xanthoxin (Milborrow, 2011). ZEP catalyses 

the conversion of zeaxanthin into violaxanthin (Leng et 

al., 2014). NCEDs have been cloned from plant species 

such as maize (Schwartz et al., 1997), tomato (Burbidge 

et al., 1999), Arabidopsis (Tan et al., 2003), Brassica 

napus (Xu & Cai, 2017), avocado (Chernys & Zeevaart, 

2000) and Malus (Xia et al., 2014). 

NCED is a multigene family. There are five NCED 
members in Arabidopsis, each of which is located in 
different tissues and regulates the development and 
control ABA biosynthesis (Tan et al., 2003). Studies have 
shown that increasing NCED transcripts could increase 
ABA accumulation in plants (Martínez-Andújar et al., 
2011). AtNCED3 is induced by water stress and controls 
ABA contents under water stress (Hao et al., 2009). 
OsNCED1 is suppressed by water stress (Ye et al., 2011). 
OsNCED3, OsNCED4, and OsNCED5 are also induced by 
water stress (Teng et al., 2014). Little is known about the 
function of NCEDs in plant tolerance to salt stress. 

K. foliatum belongs to the Chenopodiaceae family 
and is a halophyte with succulent leaves. This species is 
widely distributed in saline soil; however, little is known 
about the mechanisms responsible for its tolerance to salt 
stress. Thus, the objective of this study was to clone the 
ABA biosynthesis gene NCED1 in K. foliatum, analyse the 
ABA content and evaluate the expression of NCEDs 
under different NaCl concentrations. 
 

Materials and Methods 
 

Plant materials and salt treatment: Seeds from K. 

foliatum were collected from an area in Bayannaoer City, 

Inner Mongolia, China. The soil in the area was strongly 

saline, the major cation in the soil was Na
+
, and the major 

anion was Cl
-
. K. foliatum seeds were treated with 

sublimate for 8 min and washed with sterilized dH2O. The 

seeds were cultured in a growth chamber at 27°C until the 

beginning of germination. A mixture of composted sheep 

manure and soil at a ratio of 1:3 was mixed with 

vermiculite at a ratio of 5:1 to increase soil porosity. The 

soil mixtures were then transferred to nutritive pots. The 

germinating seeds were planted in the nutritive pots and 

allowed to grow for 4 months (25°C in daytime, 15°C at 

night, light cycle of 14 h/10 h, and 5000 lux light 

intensity). The seedlings were irrigated with 30 ml of tap 

water every 2 days during the growing period. All tests 

involved the use of 4-month-old seedlings that were 

treated with 0, 150, 200, 250, 300 and 400 mM NaCl. 
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Total RNA extraction and cDNA synthesis: Four-

month-old seedlings were treated with NaCl for 72 h. 

After harvesting, freshly collected leaves were frozen in 

liquid nitrogen, and total RNA was extracted from the 

leaves with the SDS-LiCl method. mRNAs were reverse-

transcribed into cDNA with an M-MLV reverse 

transcriptase kit (Promega) for genetic identification and 

expression model analysis. 
 

Identification of differentially expressed genes: Total 

RNA was extracted from K. foliatum leaves that were 

treated with 0 mM and 250 mM NaCl using TRIzol 

reagent (TransGen Biotech, China). The mRNAs were 

purified using magnetic oligo (dT) beads and 

fragmented into small strands. The fragments were used 

as templates to synthesize double-stranded cDNAs. The 

cDNAs were purified using AMPure XP beads, the 

purified cDNAs were ligated into sequencing adapters, 

and the ligated fragments were enriched by PCR for 18 

cycles. Finally, the library was sequenced with an 

Illumina HiSeq 2500 platform. 

To identify DEGs (differentially expressed genes), 

adapters, reads containing more than 10% unknown bases 

in raw reads and low-quality reads (more than half of the 

bases with a quality score of less than 5) were removed. 

Clean reads were assembled to obtain the unigene library, 

and the expression level of each gene was calculated by 

the RSEM tool (Leng et al., 2014). 

 

KfNCED1 gene cloning and bioinformatics analysis: 

According to the sequence of the NCED1 gene from the 

transcriptome sequencing of K. foliatum, two primer pairs 

(KfNCED1-F1: 5'-TGACATGGTTGAGAAGGCTTTG-3', 

KfNCED1-R1: 5'-CACCTTATGCTTGCTTCAGTAA-3') 

were designed to amplify the full cDNA of KfNCED1. The 

evolution of KfNCED1 was analysed by MEGA5 software. 

 

Semi-quantitative RT-PCR analysis: The primers 

Kf28SrRNA-F (5’-GCCGACCCTGATCTTCTGTGA-3’) 

and Kf28SrRNA-R (5’-TACCCAAGTCAGA CGAA 

CGATT-3’) were designed according to the conserved 

sequence of 28S rRNA for K. foliatum (Accession No. 

AY5566443.1) available in the NCBI database. The 

specific primers KfNCED1-F2 (5'-ACCAGCGGGG 

AAGAGATT-3') and KfNCED1-R2 (5'-TGTCGAGAC 

GCC AGTGAC-3') were designed based on the 

KfNCED1 gene sequence. 

Total RNA from K. foliatum subjected to NaCl for 

72 h was used to synthesize first-strand cDNA with M-

MLV reverse transcriptase (Promega). KfNCED1 and the 

control (28S rRNA) were used to detect the expression 

levels via semi-quantitative RT-PCR. The amplification 

conditions were as follows: 94°C for 3 min; 94°C for 30 

s, 63°C for 1 min, and 72°C for 1 min (26 cycles for 28S 

rRNA, 35 cycles for KfNCED1); and 72°C for 10 min. 

PCRs were carried out with three biological repeats. 

ABA content: Three hundred milligram samples of 

leaves were ground in liquid nitrogen. The powders 

were treated with 1.5 ml of extraction buffer (methanol: 

H2O: methanoic acid=7.9:2:0.1) and kept at 4°C 

overnight. The extraction mixture was centrifuged at 

4°C and 12 000 g for 15 min. The supernatants were 

collected, dried in nitrogen gas, and then dissolved in 2 

ml of 0.1 M ammonia solution. Crude extracts were 

purified with a MAX column that was pretreated with 2 

ml of methanol. After the supernatants were loaded 

onto the MAX column, the column was washed with 2 

ml of 0.1 M ammonia solution and then 2 ml of 

methanol. ABA was eluted with 4 ml of methanol 

containing 1% formic acid. The eluent was dried in 

nitrogen gas, dissolved in 0.2 ml of methanol, and then 

filtered with a 0.2 µm nylon membrane. ABA was 

quantified by liquid chromatography-tandem mass 

spectrometry with three biological replicates. 

 

Statistical analysis 

 

The data determined in triplicate were visualized 

with Origin 8.6. Individual differences among means 

were determined by Duncan’s test. Before ANOVA was 

performed, the data were checked for both homogeneity 

and normality of variance and were log-transformed to 

correct deviations from the assumptions when needed. 

Statistical analysis was conducted with SPSS 19.0 

software. 

 

Results 
 

Bioinformatics analysis of KfNCED1. A cDNA fragment 

approximately 1500 bp in length was amplified by RT–

PCR (Fig. 1) and found to encode 499 amino acid 

residues (Fig. 2). A comparison of the deduced amino acid 

sequences was performed with BLAST P amino acid 

sequence was mostly similar to 9’-cis-epoxycarotenoid 

dioxygenase NCED1 from Phaseolus vulgaris, with a 

similarity of 72.9% (Fig. 3). The amino acid sequence 

clustered with KfNCED1 by phylogenetic tree analysis 

(Fig. 4) indicating that KfNCED1 had significant 

homology with AiNCED1 (Fig. 4). 
 

Expression of KfNCED1. To test the expression level of 

KfNCED1, semiquantitative RT–PCR was performed with 

K. foliatum leaves grown with different NaCl 

concentrations. After treatment with 200, 250 and 300 

mM NaCl, the expression level of KfNCED1 increased 

markedly; the highest expression was found in the leaves 

under 250 mM NaCl treatment (Fig. 5). The results 

suggested that NaCl treatment could induce an ABA 

content increase by increasing the expression of KfNCED1 

and indicated that KfNCED1 may play an important role 

in salt resistance. 
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AAAACTGCAG CTGCTGCTCT TGACATGGTT GAGAAGGCTT TGAATTCGTT TGAAAGTGAA 
CAACAACTAC CCAAAACCGC TGACCCACGG GTCCAAATTA AGGGCAATTT TGCCCCGGTA 
TCCGAACAAC CTGTAAAGAG TAATCTCCCG GTAACCGGGT CAGTCCCGGA TTGTATTCGG 
GGCGTGTACG TACGAAACGG GGCGAACCCG CTTTATGAGC CGGTTGCCGG TCACCATTTC 
TTCGACGGAG ACGGCATGAT CCACGCCGTA CAATTCGACT CAGACGGGTC AGTGAGCTAC 
TCTTGCAGGT TCACCCAAAC GAACCGTTTT GTTCAAGAGC GGGCTTTGGG TCGACCCATT 
TTTCCTAAGG CAATTGGGGA GCTGCACGGC CACTCCGGTA TTGCACGGCT CATGTTGTTC 
TACTCCCGTG CATTGTGCGG TCTGCTTGAC CAGACGCACG GCATCGGGGT TGCCAACGCC 
GGCGTGGTCT ACTTCAATGA CCGACTCCTC GCGATGTCGG AAGATGACCT GCCATACCAG 
GTAAAGGTAA CGCCGTCGGG TGACTTAACC ACCGTTGGCC GGTACGACTT TAACGGACAG 
CTGTCATCCA CCATGATCGC CCACCCGAAA GTCGACCCTG TTTCGGGTGA GATGTTCGGG 
TTAAGCTACG ACGTCGTAAA AAAGCCGTAC TTGAAGTACT TCTGGTTTAA ACCCGACGGC 
ACCAAGTCAG CCGACGTGGA CATCCACCTC GACGCCCCAA CAATGGTCCA TGACTTCGCA 
ATGTCGGAAA ACAACATCAT CATCCCGGAC TCTCAGGTGG TGTTCAAGTT GCAGGAGATG 
ATCAGGGGTG GGTCCCCCGT GGTTTTCGAC AAGTCGAAAA CCTCGAGGTT CGGGATTCTC 
CCCAAGTACG CGACCAGCGG GGAAGAGATT CAGTGGGTTG ACGTGCCCGA CTGTTTCTGC 
TTCCACCTCT GGAACGCGTG GGAAGAAGCT GAAACTGATG AGATAGTTGT AATTGGTTCC 
TGCATGACTC CTGCAGACTC CATCTTTAAC GAGAGTGACG AGAATTTGTC GAGCGTGCTG 
TCCGAAATTC GGCTCAACAC CGTCACTGGC GTCTCGACAC GACGAGAAAT CGTGTCGGAA 
ACCAACCTAG AGGCCGGTAT GGTCAACAGG AATAAACTCG GCCGGAAAAC GCAATACGCC 
TACTTGGCCA TTGCGGAGCC GTGGCCTAAG GTGTCGGGTT TTGCAAAAGT TGATCTCTTC 
AGCGGTGAAG TAAAAAAGTT CATGTACGGT GAAAATAAAT ATGGGGGTGA GCCCTTGTTT 
GTTCCCAACC ATGTCAATTC TGCACAAGAA GATGATGGTT ACATTCTCAC TTTTGTCCAC 
GACGAAATGA ATTGGGAATC GAAGCTTCAG ATCGTCAATG CCGTCAATTT AGAACTCGTC 
GCCACCGTCG ACCTTCCGTC TAGGGTGCCT TACGGTTTCC ATGGGACCTT CATCAGTGCT 
AATGACTTAC TGAAGCAAGC ATAA 

 

Fig. 1. The nucleotide acid sequence of KfNCED1 gene. 
 
Analysis of the ABA content in K. foliatum leaves. ABA 
has been described as a stress hormone (Mehrotra et al., 
2014). NCED and ZEP catalyse a key step in ABA 
biosynthesis (Ng et al., 2014). Therefore, the ABA contents 
of the leaves of K. foliatum were measured, and the results 
showed that ABA levels increased markedly after treatment 
with 150, 200 and 250 mM NaCl. Additionally, ABA levels 
decreased markedly after treatment with 300 mM NaCl, 
and the ABA content increased again under 400 mM NaCl 
(Fig. 6). After moderate NaCl treatment, the ABA content 
in leaves of K. foliatum significantly increased, and the 
ABA content was higher than that at other NaCl 
concentrations. Therefore, increased NaCl stress could 
reduce endogenous ABA biosynthesis. 

 

Discussion 

 
The world population is projected to increase by more 

than 2.4 billion by 2050; to feed this growing population, 
crop production must be increased by 70% by 2050 (Wani 
& Sah, 2014). Abiotic stresses affect plant growth and limit 
plant productivity (Bailey-Serres et al., 2012). Salt is a 
major factor limiting plant production and quality 
worldwide. Halophytes are plant species that are tolerant to 
high salt and have developed strategies to survive and 
complete their life cycles in such a harsh environment. K. 
foliatum, a halophyte from the family Amaranthaceae, is 
resistant to salt. At present, there are few reports concerning 
the effects of salt stress on K. foliatum. 

Phytohormone engineering can improve productivity 
and combat salt stress. Phytohormones are key regulators 
of stress responses. ABA is a central regulator of abiotic 
stress resistance in plants and enables plants to cope with 
different stresses. When environmental conditions are 
harsh, ABA in plants increases through biosynthesis. Then, 

ABA binds to its receptor to initiate signal transduction, 
which leads to a cellular response to stress (Ng et al., 
2014); therefore, ABA is also considered a stress hormone 
(Mehrotra et al., 2014). 

ABA biosynthesis occurs in two places: it starts in 
plastids and ends in the cytosol. The first step of ABA 
biosynthesis is the conversion of antheraxanthin and 
zeaxanthin to all-trans-violaxanthin, which is catalysed by 
zeaxanthin epoxidase. After that, all-trans-violaxanthin is 
converted to 9’-cis-neoxanthin or 9’-cis-violaxanthin. The 
enzymes involved in this reaction are still unknown 
(Seiler et al., 2011). Then, the oxidative cleavage of 9’-
cis-neoxanthin and 9’-cis-violaxanthin is catalysed by the 
enzyme NCED (9’-cis-epoxy carotenoid dioxygenase), 
which yields a C15 intermediate product called the C25 
metabolite and xanthoxin (Tan et al., 2003). Therefore, 
NCEDs are the key enzymes in ABA biosynthesis. 

NCED is supposed to increase ABA content and 
improve stress tolerance in plants (Bang et al., 2013). 
Transgenic crops that overexpressed NCED1, a key ABA 
synthesis gene, exhibited improved tolerance to drought, 
as seen in tomato (Thompson et al., 2000), tobacco (Qin 
& Zeevaart, 2002), bent grass (Aswath et al., 2005) and 
petunia (Estrada-Melo et al., 2015). In the present study, 
RT–PCR analysis revealed that KfNCED1 was 
significantly induced by NaCl (Fig. 5). 

In conclusion, we cloned the NCED1 gene from the 
halophyte K. foliatum, and the RT–PCR results revealed that 
NCED1 expression in K. foliatum was NaCl dependent, 
which was similar to NCED1 found in most plants. 
Furthermore, the results of ABA level analysis demonstrated 
that these levels were markedly affected by NaCl 
concentration. This finding concerning KfNCED1 is highly 
advantageous for exploring the synthesis mechanisms of 
ABA and salt tolerance in the halophyte K. foliatum. 
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Fig. 2. The deduced amino acid sequence of KfNCED1 gene. 
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A : -----MPSSASNTWFNATLPSPP----FKDLPSTSS-PTNLLP--LRKTSSSNTITCSLQ :  48 

B : -----MPLPASNTCFNTTLPSP-----FKDLPSTSS-PTTLLLPRNKKTSSSNIITSSLQ :  49 

C : -----MPSTASNTFFNTTLPSP-----FKDLPSTSS-PITLLP--LKKRSSSNTITSSLQ :  47 

D : ------MAATSNTWINTKLPSSCSSLKG-ASCSPQTPSSFTMRSSNKRRTNCNTIKCSLQ :  53 

E : -----MATASSSNWGVVTSNKPKFS-------SSKKSQ-----FHFVNSSLQLPLLDSPK :  43 

F : ---------------------------------------------MGSEKKENGVILEVE :  15 

G : -----MPSPASNTWINTTLPSSCSS-PFKDLASTSSSPTTLLPFKKRSSSNTNTITCSLQ :  54 

H : ---MASQAPISNTWINTKLSSSSSFSKELGSLNSTTTISLSFKKRSTNTKKPNNISCSLQ :  57 

I : ------------------------------------------------------------ :   - 

J : --MATSATTASNTWINTKLASSSYSSPFKDLSLNSN--SNSITLNKKNSTSKNRISCSLQ :  56 

K : MASSISSSSPSKTLLNTTLPSP---------PTSSS-PTTSIA--LKKKP--NAPTTSLQ :  46 

L : -----MAATSSSIWAVT---KPKIS-------SSDNTLNWPNKTQQIKSSLQLPLLDSPK :  45 

M : ------MAATSNTWINTKLPSSCSSLKG-ASCSPQTPSSFTIRS-NKRRSNYNKIKCSLQ :  52 

N : ------MAATSNTWINTKLPSSCSSLKG-ASCSPQTPSSFTIRS-NKRRSNYNKIKCSLQ :  52 

O : ------MAATSNTWINTKLPSSCSSLKG-ASCSPQTPSSFTIRS-NKRRSNYNKIKCSLQ :  52 

P : ----MASSAATNSWINTTLPSSCSS-PFKDLNSTSS-PTTSIT--LKKRSSPNTITCSLQ :  52 

 

 

: 102 WTTTTPPRETNPLSDTNQPLPQK-----ATTTTPTPIKTTTITSTTSTSPQYQPKLHF-TA :  

: 102 WTTTTTPSRETNPLSSTNQPLPQK----TTVPTPIKTTST--TPTTSTSPYHQPKIHF-TB :  

: 106 WPTTTIPTPIKTTSTSTSTTTTTTPSRETNPLSATNQPLPQKTPTTSTPPYHQPKLHF-TC :  

:  89 WKENKTAND-------------------TTTTTKPSTKSIPTTTT----PQLQPKLHF-TD :  

:  79 WQ-LSKP---------------------SFPKESNTKPFSRENKTQKKIPQTCKT--E : KSS 

:  16 -----------------------------------------------------------F : P 

: 105 WTTTTTPHRETKPLSDTKQPFPQK----TPTPIKPTTT----TTTTSTSPQYQPKLHY-TG :  

: 100 WHHPKQHSPQKN----------------KTTTTPTKGKNNKPTTTPSCPPQYQPKLHF-TH :  

-:    ------------------------------------------------------------I :  

: 106 WNPPPSETKPKQQQKNQK----------TTTTTIIPTKETKPTKPKPKPPQYQPKFPLTTJ :  

:  69 WAAEK-----------------------KETKT-------------TTTPYPQPKLHF-TK :  

:  84 WKSQPFQ---------------------KTSVVPKEVRKPILTQPKDNGKRSLPKL : KTTPL 

TTTTTAAPVKDL :  92---------------TTKPKPTKENKTASTTTT----PQLQPKLHF-TM :  

TTTTTAAPVKDL :  92---------------TTKPKPTKENKTASTTTT----PQLQPKFLH-TN :  

:  88 WTTAAPVKD-------------------TTKPKPTKENKTASTTT----PQLQPKLHF-TO :  

:  89 WLSPPSDTKPLPQR--------------TKTHQP--------TTTPSTTPQYQPKFPL-TP :  

                                                                                

 

: 161 IKGVVPLHAADQGE-PGNFAPVAIKTADPRVQLPPHKREHSVLTAELVLDATQKAAALFNA :  

: 161 IKGVVPLHAVDQGE-PGNFAPVAIKTADPRVQLPPHKREHSVLTAELVLDATQKAAALFNB :  

: 165 IKGVVPLHAADQGE-PGNFAPVAIKTADPRVQLPPHKREHSVLTAELVLDATQKAAALFNC :  

: 148 LKGAIPLVTQNPHE-PGNFAPVAIKTADPRVQLPPHKREHSALSAEFAIDASMQKAAILND :  

: 138 IAGTVPLVQRSPQE-PGNFAPVAIKTADPKVQMPPCEQERTNLKVEMVLDAAAAVQKIPNE :  

:  71 LHGQVTLPVKDPTEKDGNFAPVSLW-----HHLPVKLFYDSSIKIELLVDAF : KPSNGFTSK 

: 164 IKGVVPLHAADQAE-PGNFAPVAIKTADPKVQLPPHSKEHSVLTAEMVLDTGQKAAALFNG :  

: 159 IKGTVPLVQHSPSE-PGNFAPVAIDPRVQSKTLPPHKREHSVLTTELVLDAKAAAMQLFNH :  

:  55 VSGTVPLVKSNPQE-SGNFAPVKIKTADPRVQLPSEQQEFSNLAKEMVLDAAAATK----I :  

: 165 IKGTVPLVTHSPHE-PGNFAPVSIKTADPRVQLPPHKREQTILTTEVFLDATQKAAALFNJ :  

: 128 IKGAVPLVRHSPTE-PGNFAPVAIKTADPRVQLPPQTREHSVLTAEMVLDATQKAAALFNK :  

: 143 IAGTVPLQGVQRNE-PGNFAPVAIKTADPRVQLPPHSEEHSNIAKEMVLDAGAVQKAIPNL :  

: 151 LKGAIPLSTHSPHE-PGNFAPVAIKTADPRVQLPPHQREHSALSAEFAIDAMQKAAAILNM :  

: 151 LKGAIPLSTHSPHE-PGNFAPVAIKTADPRVQLPPHQREHSALSAEFAIDAMQKAAAILNN :  

XX : 147GAIPLSTHSPHE-PGNFAPVAIKTADPRVQLPPHQREHSALSAEFAIDAMQKAAAILNO :  

: 148 IKGTVPLVHYSPQE-PGNFAPVAIKTADPRVQLPPHQREHSVLTAELVLDASTAAQQLLNP :  
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S : 220KQESLRQCRFTETASYAANG-TKFVAFDGDGMVHFHHAGVPEYLNPAGNYVRVGDICKPA :  

S : 220KQETLRQCRFTETASYSANG-TKFVAFDGDGMVHFHHAGVPEYLNPAGNYVRVGDICKPB :  

S : 224KQETLRQCRFTETSSYSANG-TKFVAFDGDGMVHFHHAGVPEYLNPAGNYVRVGDICKPC :  

S : 207KQEVLRNCRFTETSSYSANG-HKFLAFDGDGMVHLHHAGLPEYMNPAGNYVRVGDICEPD :  

A : 198RQEFVRNCRFTETSSYSADGNSFQVAFDGDGMIHFHHAGVPEYLNPAGNYVRVGRICEPE :  

EY : 130QEFKRSTVKRFVSSYAKDG-IKRLGFDGDGMIHWHYAGVPSFKNPPGVFVREGNLCDPF :  

S : 223KQEALRQCRFTETASYAANG-TKFVAFDGDGMVHFHHAGVPEYLNPAGNYVRVGDICKPG :  

E : 218KQEVLRQCRFTETASYSADG-KRFVAFDGDGMVHLHHAGSPEYLNPAGNYVRVGEICKPH :  

A : 115RQEFVRNCRFTQTSSYVSDGDSFQVAFDGDGMIHFHHAGVPEYLNPAGNYVRVGRICDPI :  

A : 224KQEALRHCRFTETSSYVSNG-TKFVAFDGDGMVHFHHAGVPEYHNPAGNYLRVGDICKPJ :  

A : 187KQEALRAXXXXXXXSYSANG-HKFVAFDGDGMVHFHHAGLPEYLNPAGNYVRVGDICKPK :  

K : 203KQEFVRNCRFTETSSYSADGNNFQVSFDGDGMIHFHHAGIPEYLNPAGNYVRVGRICEPL :  

S : 210KQEVLRNCRFTETSSYSANG-HKFVAFDGDGMVHLHHAGLPEYMNPAGNYVRVGDICEPM :  

S : 210KQEVLRNCRFTETSSYSANG-HKFVAFDGDGMVHLHHAGLPEYMNPAGNYVRVGDICEPN :  

S : 205KQEVLRNCRFTETSSYSANG-HKFVAFDGDGMVHLHHAGLPEYMNPAGNYVRVGDIXX-O :  

A : 207KQEVLRQCRFTETASYSADG-KKFVAFDGDGMVHFHHAGVPEYLNPAGNYVRVGEICKPP :  

 

                                                                                

: 280 DLLAMSEHFNNLVYAGANVGMGQGSLVDLFGGRAFYLLLARGIHSGHLEIGAKPFLGRPVA :  

: 280 DLLAMSEHFNNLVYAGANVGMGHGSLVDLFGGRAFYLLLARGIHSGHLEIGAKPFLGRPVB :  

: 284 DLLAMSEHFNNLVYAGANVGMGHGSLVDLFGGRAFYLLLARGIHSGHLEIGAKPFLGRPVC :  

: 267 DLLAMSEHFNNLVYAGANVGMGKNGLVDLFGGRAFYLLLARGIHSGHLEIGAKPFLGKPVD :  

: 258 DLLAMSERFNNVVYAGANVGIGNTQLLDLFGARSFYLLLRGGIHTGHLEIGAKPFLGRPIE :  

G : 189LLALSEHHQKLVYTAANTGHGYSVILDAKLKRQMLMNVLMGLLFGKLDIG-KMFF : FNGSK 

: 283 DLLAMSEHFNNLVYAGANVGMGHGSLVDQLFSRAFYLLLARGIHSGHLEIGAKPFLGRPVG :  

: 278 DLLAMSEHFNNLVYAGANVGMGNNGLVDLFGGRAFYLLLARGIHSGHLEIGAKPFLGKPVH :  

: 175 DLLAMSERFNDVVYAGANVGIGHTQLLDGCLARSFYLMLARGIHSGHLEIGAKPFLGRPII :  

: 284 DLLAMSERFNNLVYAGANVGMGHGSLVDNLFSRAYYLMLARGIHSGHLEIGAKPFLGRPVJ :  

: 247 DLLAMSERFNNLVYAGANVGMGHGSLVDLFGSRAFYLLLARGIHSGHLEIGAKPFLGRPIK :  

: 263 DLLAMSERFNNVVFAGANVGIGNTQLLDLFGARSFYLLLARGIHSGHLEIGAKPFLGRPIL :  

: 270 DLLAMSERFNNLVYAGANVGMGKNGIVDLFGGRAFYLLLARGIHSGHLEIGAKPFLGKPVM :  

: 270 DLLAMSERFNNLVYAGANVGMGKNGIVDLFGGRAFYLLLARGIHSGHLEIGAKPFLGKPVN :  

: 265 DLLAMSERFNNLVYAGANVGMGKNGLVDLFGGRAFYLLLARGIHSGHLEIGAKPFLGKPVO :  

: 267 DLLAMSEHFNNLVYAGANVGMGHGTLLDLFGSRAFYLLLARGIHSGHLEIGAKPFLGRPVP :  

 

                                                                                

: 340 RFYKPYLKQDVIYALSHLDGDVAHPKLDPSTMINLQGNDFGRYTVTGDLPNTIRVHPYLDA :  

: 340 RFYKPYLKQDVIYALSHLDGDVAHPKLDPSTMINLQGNDFGRYTVTGDLPNTIRVHPYLDB :  

: 344 RFYKPYLKQDVIYALSHLDGHVAHPKLDPSTMINLQGNDFGRYTVSGDLPNTIRVHPYLDC :  

: 327 KFYKPYLKSDVVYALSFLEGSVAHPKVDPSTMIKLQGNDFGRYTVKGDLSPTVRVHPYLDD :  

W : 318FYKPYLRKDVVYALSFMEGSVAHPKVDPSTMIKLQGNDFGRYTVKGDLSPTVRVQPYVDE :  

RV : 248YTPYVA-SHTYTFGFMEGTFAHPKVDPGHNFTLKRDDYMLGTLQGDLDFEVKIAPYKDF :  

: 343 RFYKPYLKQDVVYALSHLDGNVAHPKLDPSTMINLQGNDFGRYTVTGDLNSTIRVHPYLDG :  

S : 338FYKPYLKKDVVYALSHLDGTVAHPKVDPSTMIKLQEENFGRYTVKGDLNETVHVHPYLDH :  

W : 235FYKPYLKKDVVYLSGFMEGSVAHPKVDPSTMISLQGNDFGRYTVTGDLSPTVKVQPYLDI :  

: 344 RFYKPYLKQDVIYALSYLDNNIAHPKVDPSTMIKLQNNDFRYCTVTGDLPNTVRIQPYIDJ :  

: 307 RFYKPYLRHDVVYALSHLHGTSAHPKLDPSTMITLQSNNFGRYTVTGDLPNTIRLHPYLDK :  

W : 323FYKPYLRKDVVYALSFMEGSVAHPKVDPSTMIKLEGNNFGRYTVKGDLSPTVRVQPYLDL :  

: 330 KFYKPYLKSDVIYALSFLEGSVAHPKVDPSTMIKLQGNDFGRYTVKGDLPNTVRVHPYLDM :  

: 330 KFYKPYLKSDVIYALSFLEGSVAHPKVDPSTMIKLQGNDFGRYTVKGDLPNTVRVHPYLDN :  

: 325 KFYKPYLKSDVVYALSFLEGSVAHPKVDPSTMIKLQGNDFGRYTVKGDLPNTVRVHPYLDO :  

: 327 RFYKPYLKQDVVYALSYLDGDVAHPKVDPTMIKNLQGNDFGRYTVTGDLNTTVHIHPYLDP :  
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T : 399KNKYD-VVPSGGTEMITLFKVVQQDVPVVFNMMHDFAITEPTEKLPIEVDPKSVGDSPFA :  

T : 399KNKYD-VVPSGGTEMITLFKVVQQDVPVVFNMMHDFAITEPTEKLPIEVDPKSVGNSPFB :  

T : 403KNKYD-VVPSGGTEMITLFKVVQQDVPVVFNMMHDFAITEPTEKLPIEVDPKSVGDSPFC :  

V : 386KEKYD-VVPSGGKEMMGLFKVVQQDVPVVFNMMHDFAITEPTVKLPIEVDKKSTGDNKFD :  

T : 377KEKFD-VVPSGGGEMIQLFKVVQSDIPVINNMMHDFAITETESALNIEVDPKSTGDKAFE :  

K : 308KSTFDFSILTNKKEMVPKFRYLLPDFMISYNMMHDFAITEVPSDITIPVFMQDPGDF : ISK 

T : 402KNKYD-VVPSGGTEMITLFKVVQQDVPVVFNMMHDFAITEPTEKLPIEVDPKSVGDSAFG :  

397 V :KEKYD-IVPSGGREMVSLFKVVQQDIPVVFRMMHDFAITETEAKLEIEVDHKSLGNKEFH :  

T : 294KSKFD-VVPSGGREMIQLFKVVQSDIPIINNMVHDFAMSEPTDALHIDVDAKSTGDKPFI :  

V : 403KEKYN-VVPSGGREMIGLFKVVQQDVPVVFNMMHDFAITEPTAELPIEVDPKSVGNDSFJ :  

V : 366KSSYD-VVPSGGREMISLFKVVQQDIPVVHNMMHDFAITEPTDQLPIELDPKSVGNSPFK :  

K : 382KEKYD-VVPSGGGEMIQLFKVVQSDIPIVYNMMHDFAITEPTEALNIEVDPKSTGDGSFL :  

V : 389KEKYD-VVPSGGREMMGLFKVVQQDVPVVFNMMHDFAITEPTVKLPIDVDKKSTGDNKFM :  

V : 389KEKYD-VVPSGGREMMGLFKVVQQDVPVVFNMMHDFAITEPTVKLPIDVDKKSTGDNKFN :  

V : 384KEKYD-VVPSGGREMMGLFKVVQQDVPVVFNMMHDFAITEPTVKLPIDVDKKSTGDNKFO :  

V : 386KEKYD-VVPSGGREMISLFKVVQQDIPVVLNMMHDFAITEPTEKLPIEVDPKSVGDSSFP :  

                                                                                

 

: 459 EEFNECISDVIGSCMTPAVVEEETPNAWEELWFHCCFDPDAIWRMANADKANKHRFGILSA :  

: 459 EDFNECISDVIGSCMTPAVVEEETPNAWEELWFHCCFDPDAIWRMANADKANKHRFGILSB :  

: 463 EDFNECISDVIGSCMTPAVVETDEPNAWEELWFHCCFDPDAIWRMANADKANKDRFGILSC :  

: 446 EDFNECISDVIGSCMTPAVVETDEKNAWEELWFHCCFEPAEIWRISDGDTANKDRFGILSD :  

: 437 EDTFNEISDVIGSCMTPAIVETDEPNAWEELWFHCCFDPVDVWQIGSQDTAYKPRFGILSE :  

: 368 EGGAVKVVDTCRLENPNLLIEDEIVNAWEENAFHICFNPFELWRIDKHDKAYRPRFGVLF : A 

: 462 EDFNECISDVIGSCMTPAIVETDEPNAWEELWFHCCFEPDAIWRMANADKANKDRFGILSG :  

: 457 EDFNECISDVIGSCMTPAVVETDEKNAWEELWFHCCFDPDAVWMVGKSDSANKDRFGILSH :  

: 354 EDSFNEISDVIGSCMTPAIVETDEANAWEELWFHCCFDPVDVWQITSGEEAYKPRFGILSI :  

: 463 EEFNECISDVIGSCMTPAVVDENEKNAWEELWFHCCFDPDAIWKMSSDDKANKPRFGVLSJ :  

: 426 EDFNECISDVIGSCMTPALVETNEPNAWEELWFHCCFDPDAIWKIAAQDSANKPRFGVLSK :  

: 442 EDFNECISDVIGSCMTPAIVETDEPNAWEELWFHCCFEPEVIWQIYSTTCDEKPRFGILSL :  

: 449 EDFNECISDVIGSCMTPAVVETDEKNAWEELWFHCCFEPAEIWRISDGDTANKDRFGILSM :  

: 449 EDFNECISDVIGSCMTPAVVETDEKNAWEELWFHCCFEPAEIWRISDGDTANKDRFGILSN :  

: 444 EDFNECISDVIGSCMTPAVVETDEKNAWEELWFHCCFEPAEIWRISDGDTANKDRFGILSO :  

: 446 EEFNECISDVIGSCMTPAVVETNEPNAWEELWFHCCFEPDAIWKIASADRANKERFGILSP :  

 

                                                                                

: 498 RVNEAGMLVNQESDAIIPRRTSKTGLRNLEIRVLS---------------------SKLA : S 

: 498 RVNEAGMLVNQESDAIIPRRTSQTGLRNLEIRVLS---------------------SKLB : S 

: 502 RVNEAGMLVNQESDAIIPRRTSQTGLRNLEIRVLS---------------------SKLC : S 

: 485 KVNEAGMLVNQEREEIIARRTSKTGLKNLEIRVLS---------------------SKLD : N 

: 476 RVNEAGMLMNKQPTSLIERRTSITGKRNLEIRVLS---------------------STLE : N 

E : 406VNDFPRV----SASTLKKQSEATGMKNFEMRYLE------------------DNFSNLF : K 

: 501 RVNEAGMLVNQESDAIIPRRTSKTGLRNLEIRVLS---------------------SKLSG :  

: 496 RVNEAGMLVNQEDETMIARRTSKTGLKNLEIRVLS---------------------SKLH : N 

: 390 RVNEAGMLN---SETVIERRTSVTGTVNLEIRVLS---------------------SSLI : N 

: 502 KVNEAGMLVNHQDESIIARRTSKTGLKNLEIRVLS---------------------SKLJ : S 

: 486 RVNEAGMLLNQQSQAIIPRRTSDTGALNLEIRSXXXXXXXXXXXXXXXXXXXXXXXXKLK : S 

: 481 RVNEAGMLMNSSSDKLIERRTSITGKRNLEIRLSD---------------------STLL : N 

: 488 KVNEAGMLVNQEREEIIAKRTSKTGLKNLEIRVLS---------------------SKLM : N 

: 488 KVNEAGMLVNQEREEIIAKRTSKTGLKNLEIRVLS---------------------SKLN : N 

: 483 KVNEAGMLVNQEREEIIARRTSKTGLKNLEIRVLS---------------------SKLO : N 

: 485 RVNEAGMLVNQQDEAIIPRRTSETGLKNLEIRVLS---------------------SKLP : S 
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: 545 EGFGKEEGMYYK-KVEG------------SLDLVKFAKVSGLALAEPWPYAFTQGRKNKLA :  

: 545 EGFGKEEGMYYK-KVEG------------SLDLVKFAKVSGLALAEPWPYAFTQGRKNKLB :  

: 549 EGFGKEEGMYYK-KVEG------------SLDLVKFAKVSGLALAEPWPYAFTQGRKNKLC :  

: 532 EGFGKEDGIYYK-KVEG------------TSDLVKFAKVSGLALAEPWPYAFSQGRKNKLD :  

: 523 EGYGKDDGMYFK-KVEG------------TFDLVKFAKVSGLAIAEPWPYAFTQGRKNKLE :  

: 466 ESFGRPGGDLYQGLVNGHAEPDSGKTKLEVGDLFKIIKVTGGTTLDSIAYVYQRGRKF : SYT 

: 548 EGFGKEEGMYYK-QVEG------------SFDLVKFAKVSGLALAEPWPYAFTQGRKNKLG :  

: 543 EGFGKDKGIYFE-KVEG------------SFDLVKFAKVSGLALAEPWPYAFTQGRKNKLH :  

: 437 EGYGKENGMYFK-KVEG------------SFDLVKFAKVSGLAIAEPWPYAYTQGRKNKLI :  

: 549 EGFGRQDGLYYK-NVQG------------SFDLVKFAKVSGWPTLALAEYAFTQGRKNKLJ :  

: 533 EGFGREDGMYFK-KVEG------------SFDLVKFAKVSGLALAEPWPYAFRTGRKLMNK :  

: 528 EGYGDGTGYEFK-KVEG------------TFDLVKFAKVSGLAIAEPWPYAYTQGRKNKLL :  

: 535 EGFGKEGGMYYK-KVEG------------SSDLVKFAKVSGLALAEPWPYAFTQGRKNKLM :  

: 535 EGFGKEGGMYYK-KVEG------------SSDLVKFAKVSGLALAEPWPYAFTQGRKNKLN :  

: 530 EGFGKEGGMYYK-KVEG------------SSDLVKFAKVSGLALAEPWPYAFTQGRKKLO : S 

: 532 EGFGREEGLYYK-KVEG------------SFDLVKFAKVSGLALAEPWPYAFTQGRKNKLP :  

                                                                                

 

: 599 RVPYGFHSLPKISA--LEKLQNIVNAQLESWKKEFVHDEADGYILDEKQNG----LFLPPA :  

: 599 RVPYGFHSLPKISA--LEKLQNIVNAQLESWKKEFVHDEADGYILDEEQNG----LFLPPB :  

: 603 RVPYGFHSLPKISA--LEKLKNIVNAQLESWKKEFVHDEADGYILDEEQNG----LFLPPC :  

: 589 RVPYGFHSLPEITA--LEELMTVVNAQLESWKKEFVHDEADGYILDESPSSDR-RMFLPPD :  

: 581 RVPYGFHSLPKVTA--VLDLTNIVNAQLESTWMNFVHDEADGYILDESQNHTNSSLFLPPE :  

: 526 RVPYGFHQLPEVVAPVESAMKRVIDAHVFSKNTGFVHDEFDGYLIDERVPGTDSEVYVPAF :  

: 602 RVPYGFHSLPKISA--LEKLQNIVNAQLESWKKEFVHDEADGYILGEEENG----LFLPPG :  

: 600 RVPYGFHSLPKITA--LEKLMSIVNAQLESWKKEFVHDETDGYILDEREDPNS-RMFLPPH :  

: 494 RVPYGFHSLPDVTA--VLELVNIVNAQLKSEWMNFVHDETDGYILDEAQ-NHVNSLFVPPI :  

: 607 RVPYGFHSLPKISA--LEKLITIVNAQLESWKKEFVHDETDGYILDETLDSNSGRLFLPPJ :  

: 591 RVPYGFHSLPKISA--LEKLETIVNAQLESWKVKFVHDEADGYILDERDNGEGRELFLPPK :  

: 585 RVPYGFHSLPKVTA--VLELMTIVNAKLESEWINFVHDEADGYILDERE-RDANSLFLPPL :  

: 592 RVPYGFHSLPEITA--LEELMTVVNAQLESWRKEFVHDEADGYILDERESASS-RMFLPPM :  

: 592 RVPYGFHSLPEITA--LEELMTVVNAQLESWRKEFVHDEADGYILDERESASS-RMFLPPN :  

: 587 RVPYGFHSLPEITA--LEELMTVVNAQLESWRKEFVHDEADGYILDERESAWS-RMFLPPO :  

: 589 RVPYGFHSLPKISA--LEKLMNIVNAQLESWKKEFVHDEADGYILDEREDINS-RLFLPPP :  

 

                                   

: 612 --QAKRLDSKHFIGTA :  

: 612 --QAKRLDSKHFIGTB :  

: 616 --QAKRLDSKHFIGTC :  

: 602 --QAKRLDSKQFIGTD :  

: 594 --QARQLDNATFIGTE :  

KF : 541QAQELTEDQFVF : AF 

: 615 --QAKRLDSKHFIGTG :  

613:  --QANKLESKHFIGTH :  

: 507 --QAKLLDSANFIGTI :  

: 620 --QAKKLDNSHFIGTJ :  

: 604 --QAKRLDDSNFIGTK :  

: 598 --QAMALDKNAFIGTL :  

: 605 --QAKRLDSKQFIGTM :  

: 605 --QAKRLDSKQFIGTN :  

: 600 --QAKRLDSKQFIGTO :  

: 602 --QAKRLESKPFIGTP :  

 
Fig. 3. The amino acid sequence of KfNCED1 gene was aligned with amino acid sequence of NCED1 from other plants. 

A: Vigna unguiculata, B: Vigna radiate, C: Vigna angularis, D: Stylosanthes, E: Spinacia oleracea, F: Pisum sativum, G: Phaseolus 

vulgaris, H: Lupinus angustifolius, I: Kalidium foliatum, J: Cicer arietinum, K: Cajanus cajan, L: Beta vulgaris, M: Arachis ipaensis, 

N: Arachis hypogaea, O: Arachis duranensis, P: Abrus precatorius 
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Fig. 4. Dendgrogram showing the relationships among the amino acid sequences of 9’-cis-epoxycarotenoid dioxygenase from K. 

foliatum (KfNCED1) and other plants. 

 

 
 

Fig. 5. Expression patterns of the KfNCED1 genes after salinity stresses. Semi-quantitative RT-PCR analysis was carried out with 

specific primers using the RNA isolated from K. foliatum leaves subjected to salinity stress. 28S rRNA amplification was used as the 

internal control. 
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Fig. 6. ABA contents under different NaCl concentration (Average ± standard deviation) 

The capital means significant differences at the 0.01 level, and the lower case letter means significant differences at the 0.05 level 
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