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Abstract
The Transcription factors act as key regulatory switches of transcription networks and gene expressivity level. The plant
specific NAC transcription factor is derived from no apical meristem (NAM), Arabidopsis transcription activation factor
(ATAF) and cup-shaped cotyledon (CUC) superfamily. It has crucial regulatory roles against various abiotic stresses and
hormone signalling. In Artemisia annua 28 NAC genes were retrieved from PlnTFDB; Plant Transcription Factor Database
and protein sequences were obtained by using ExPaSy server and analyzed by various in- silico applications. Homology
search of these proteins was done by employing The NCBI BLAST tool which revealed the higher similarity percentage with
homologous; mainly of members of the Asteraceae family. Sequences were further studied for phylogenetic analysis and
motif identification. Results of the NCBI CDD server and clustal W suggested that in majority of AaNAC proteins, presence
of NAM domains was confirmed except in AaNAC12 and AaNAC27. In some proteins, harboring signature NAM domain,
gap sequences were observed between N- to C- terminus which were also conserved in nature. Multiple sequence alignment
of proteins was used for phylogenetic analysis. At 1000 bootstrapping the 28 members were grouped in 2 clusters and 7
groups. Cis-regulatory domains were analyzed by Plant Care and PLACE tools, from where the presence of TATA, CAAT,
TCC boxes and binding sites for MYB, MYC, ARE and other transcriptional regulators were observed. A multilevel consensus
sequence of conserved motifs from all the NAC protein members of A. annua was retrieved by employing MEME suit. Out
of 10, 1st and 2nd conserved motifs were found to cover the NAM domain. For the analysis of physical characters, the NAC
members were studied for molecular weight, acidic- basic, polar- nonpolar behaviour and localization. All members share
some common features like non- polar behaviour, nuclear localization and absence of any transmembrane domain.
Key words: Transcription factor, NAC, NAM, in- silico, abiotic stresses, multiple sequence alignment

Introduction
The transcription factors are modulatory protein
containing two domains, one is DBD (DNA binding
domain) and the second one is TRD (transcription
regulatory domain). TFs can facilitate plant growth,
development and primary metabolism by regulating the
expressions of downstream genes. Several TFs like
WRKY, MYB, NAC and AP2/ERF act as major TFs
that play indespensible role in plants to cope up abiotic
and biotic stress. Among these, NAC is the largest plantspecific TF family reported in various plant species like
28 in Artemisia annua, 251 in switchgrass, 204 in Chinese
*Author for correspondence : E-mail : shashi.bhubotany@gmail.com

cabbage, 152 in soybean, 151 in rice, 110 in Solanum
tuberosum, 147 in foxtail millet, 117 in Arabidopsis,
104 in tomato, 82 in melon and 74 in grape (Hu et al.,
2010; Nuruzzaman et al., 2010; Puranik et al., 2013;
Singh et al., 2013; Wang et al., 2013a; Liu et al., 2014;
Wei et al., 2016).
The NAC transcription factor was firstly identified
in Petunia for pattern formation in embryo and flower
(Souer et al., 1996). Aida et al., 1997, discovered
regulatory role in Arabidopsis thaliana as a chief TF
for and organ separation. Later it was found that these
proteins are also involved in the regulation of various
plant developmental processes, like formation of
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adventitious shoots (Hibara et al., 2003), progression of
the shoot apical meristem (Souer et al., 1996; Aida et
al., 1997), flower development (Sablowski et al., 1998),
leaf senescence (Lee et al., 2012), lateral root formation
(Xie et al., 2002), floral morphogenesis (Aida et al.,
1997), cell cycle control (Kim et al., 2006; Wilensen et
al., 2008), hormone signalling (Xie et al., 2002; Kim et
al., 2006; Fujita et al., 2004), ubiquitin-dependent
proteolysis and grain nutrient remobilization (Uauy et al.,
2006).
The name NAC was originally taken from three
proteins that harbor similar DNA binding domain, first
one NAM (no apical meristem) second one ATAF1/2
(Arabidopsis transcription activation factor) and the last
one is CUC2 (cup-shaped cotyledon). The structure of
NAC proteins consists of two regions, in which Nterminus is highly conserved and involve in DNA binding
while C- terminal being highly diverse and involved in
regulation of other TF. The DNA- binding domain consists
of 150-160 amino acid residues containing five subdomains (A- E) that play important role in DNA binding,
nuclear localization and formation of homo and
heterodimers. Out of five, 3-subdomains A, C and D are
highly conserved, whereas B and E are highly divergent
and might be responsible for functional diversity of NAC
transcription factor (Ooka et al., 2003; Puranik et al.,
2012). The transcription regulatory regions (TRs),
activate/repress transcription and responsible for diverse
function of NAC proteins. The transcriptional activities
are mainly conducted through quietly diverse C-terminal
region. Mainly, NAC proteins are known to reside in
nucleus, lacking any transmembrane (TM) domain.
Contrary to this, due to variable C- terminus some of the
NAC TF are known to contain TM motif shows
subcellular localization in the plasma membrane and
endoplasmic reticulum.
In several species such as Arabidopsis, Solanum
lycopersicum, Glycine max and Oriza sativa, membrane
bound NAC TFs are known to induce in response to
abiotic stress. However, the exact regulatory mechanism
of NAC genes is not much known yet. The activity of
the NAC gene can be regulated through various
processes: at the transcriptional level binding of specific
TFs to NAC regulatory region at the promoter region
and degradation of NAC protein mediated by ubiquitins,
dimerization and interaction with other proteins, at posttranscriptional level cleavage of NAC gene mediated by
miRNA 164. In recent years, the NAC gene family has
gained much attention due to its involvement in numerous
fundamental biological processes including, hormone
signalling in response to biotic and abiotic stresses

(Puranik et al., 2012), cell expansion, cell differentiation
and tolerance to environment cues (Yang et al., 2011).
In Arabidopsis, multi-abiotic stress tolerance have
been achieved by regulating the expression of stressresponsive genes AtNAC2, AtNAC3, ANAC019 and
RD26 (Tran et al., 2004; He et al., 2005; Balazadeh et
al., 2010; Lockhart et al., 2013). Also, many of the NAC
proteins have been linked with plant defense against
various stress conditions, for example, drought (Jeong et
al., 2010), salinity (Zheng et al., 2009) and heavy metals
(Wang et al., 2013b). Evidently, NAC family genes are
critical regulator implicated in the survival of plants under
various stress conditions. In Arabidopsis, during various
stress conditions like ABA, salt and drought the
expression level of three NAC genes (ANAC072,
ANAC055 and ANAC019) were found to be elevated
significantly. Furthermore, overexpression of these genes
was advocated to increase abiotic stress tolerance as
compared to the wild-type (Hu et al., 2006; Jensen et
al., 2010). Similarly, in transgenic Arabidopsis, ATAF1
showed enhanced tolerance to dehydration, ABA, salinity
and oxidative stress. In plants, some major TFs like NAC,
N-terminal WRKY domain, basic helix-loop-helix
(bHLH), myeloblastosis viral oncogene homolog (MYB),
basic leucine zipper (bZIP) and APETALA2/ethyleneresponsive element binding factor (AP2/ERF) are well
defined in biotic and abiotic responses. In addition to these,
TFs like, Zinc finger protein, C2H2 and MADS box are
also having well documented role in plant immunity.
A. annua L. is a member of family Asteraceae
(Brown, 2010) and is commonly known as sweet
wormwood, Chinese wormwood. This genus comes
under small herbs and shrubs and can produce various
natural products, including artemisinin and its derivatives.
Artemisinin has been extracted from mature leaves or
buds of A. annua. Artemisinin is an endoperoxide
sesquiterpene lactone that is known to be efficient against
multidrug-resistance malaria and is also known to act on
Plasmodium falciparum, causal organism of cerebral
malaria. Bbesides to malaria, artemisinin can cure other
diseases including cancers, parasitic diseases like
schistosomiasis and viral disease such as hepatitis B.
In A. anuua there are 28 NAC TFs have been
reported (PlantTFDB v5.0). These NAC TF regulate
the different stress induced signalling pathway in the plant.
Among these expression of AaNAC1 could be induced
by dehydration, cold, salicylic acid (SA) and methyl
jasmonate (MJ). AaNAC1 was shown to be localized to
the nuclei by transforming tobacco leaf epidermal cells.
By the overexpression of AaNAC1 in A. annua, the
content of artemisinin and dihydroartemisinic acid
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increased by 79 and 150%, respectively. The expression
levels of artemisinin biosynyhetic pathway gene, i.e.
amorpha-4, 11- diene synthase (ADS), artemisinic
aldehyde delta11 (13) reductase (DBR2) and aldehyde
dehydrogenase 1 (ALDH1), were increased. Therefore,
NAC transcription factors can modulate artemisinin
biosynthesis when AaNAC1 was overexpressed in the
A. annua (Lv et al., 2016) and its functional analysis
can answer its proper role as a regulatory element in A.
annua against abiotic stresses along with its association
with the secondary metabolism of the plant.

Materials and Methods
Database search for identification of NAC family
members in Artemisia annuaBy employing the Plant Transcription Factor
Database http://planttfdb.cbi.pku.edu.cn/ for the
identification of NAC genes (NAM, ATAF and CUC) in
Artemisia annua, a total of 28 NAC genes were obtained.
The complete domain of each sequence was retrieved
from plant GDB (http://www.plantgdb.org/) which
provided species based sequences from various sources
like NCBI GenBank https://www.ncbi.nlm.nih.gov/
genbank/ and UniProt https://www.uniprot.org/. Coding
sequences (CDS)/ open reading frame of each member
of NAC gene was obtained by using ORFfinder https://
www.ncbi.nlm.nih.gov/orffinder/ of NCBI. Protein
sequences of each NAC gene was translated and
retrieved by applying ExPASy tool of NCBI https://
web.expasy.org/translate/.
NAC sequence alignment and phylogenetic
analysesAfter retrieving the protein sequences, NAC genes
of A. annua were subjected to homology search and
phylogenetic tree construction to obtain suitable
homologues sequences from other members of the
Asteraceae family. For this, first of all sequences were
searched against homologous and orthologuos sequences
of close relatedness with the help of the BLASTp tool
https://blast.ncbi.nlm.nih.gov/Blast.cgi (Altschul et al.,
1990). All the 28 protein sequences were aligned to each
other by employing multiple sequence alignment (MSA)
tool, T- Coffee (Tree-based Consistency Objective
Function for Alignment Evaluation) https://
www.ebi.ac.uk/Tools/msa/tcoffee/ by selecting
“BLOSUM” and “input” parameters. This program
combines the results of many multiple alignment programs
like Muscle https://www.ebi.ac.uk/Tools/msa/muscle/,
ClustalW https://www.genome.jp/tools-bin/clustalw, Mafft
(multiple alignments using fast Fourier transform) https:/
/www.ebi.ac.uk/Tools/msa/mafft/ and ProbCons
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(Probabilistic Consistency-based Multiple Alignment of
Amino Acid Sequences) http://probcons.stanford.edu/
(Larkin et. al., 2007). Further, the phylogenetic tree was
constructed by the Mega 6.0 tool https://
www.megasoftware.net/, using UPGMA (unweighted
pair group method with arithmetic mean) methods with
1,000 replication bootstrap values (Tamura et al., 2007).
Similarities and differences based on sequential analyses
of proteins were done by Circos visualization tool http://
circos.ca/ which was based on the similarity percentage
index, derived from Clustal Omega software (Krzywinski
et al., 2009).
Identification of conserved domain, gene families
and motifsEach NAC protein was scanned throughout its length
for the analysis of gene families as well as domains
present. This was performed with the help of ExPASyProsite scan http://prosite.expasy.org/scanprosite/
(DeCastro et al., 2006), InterPro tools https://
www.ebi.ac.uk/interpro/search/sequence/, Pfam https://
pfam.xfam.org/(Mistry et al., 2007). Functional and
conserved motifs were identifying by submitting each
sequence to motif finder tools such as CDD https://
www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml and
SMART http://smart.embl-heidelberg.de/ (Schultz et. al.,
2000). Cis- acting regulating DNA elements in the all 28
NAC genes were detected by submitting the nucleotide
sequences of each member to the online promoter
predicting servers such as PlantCARE http://
bioinformatics.psb.ugent.be/webtools/plantcare/html/ and
the PLACE (Plant cis- acting regulatory DNA elements)
http://www.dna.affrc.go.jp/PLACE/ (Lescot, 2002 and
Higo et al., 1999). All the AaNAC protein sequences of
Artemisia annua were further submitted together in
MEME (Multiple EM for Motif Elicitation) software
version 4.8.0 http://meme-suite.org/ to find out the
consensus sequences of the conserved motifs (Bailey
and Michael 1998; Bailey et al. 2006). For this, selection
criteria were set as, maximum number of motifs to 10
with minimum and maximum width of 10 and 30
respectively, while the rest of the parameters were set to
default.
Analyses of physical characters of NAC proteinsVarious chemical and physical properties of 28
members of NAC protein from A. annua were assessed
by various online in- silico tools. Theoretical isoelectric
point (pI) and molecular weight of the proteins were
computed by Compute pI/Mw tool of ExPASy, https://
web.expasy.org/compute_pi/ (Gasteiger et al., 2005).
Hydropathicity values of all the proteins were calculated
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by employing GRAVY (grand average of hydropathy)
module of Sequence Manipulation Suite (SMS), https://
www.bioinformatics.org/sms2/protein_gravy.html
(Stothard, 2000). To depict the subcellular localization(s)
ofNAC proteins, the protein sequences were submitted
to Plant-mPloc server (Predicting subcellular localization
of plant proteins including those with multiple sites), http:/
/www.csbio.sjtu.edu.cn/bioinf/plant-multi/ (Chou and
Shen, 2010). The presence of transmembrane helices in
NAC proteins, if any, was observed by employing
TMHMM Server v. 2.0, http://www.cbs.dtu.dk/services/
TMHMM-2.0/ (Krogh et al., 2001).

by ExPASy server and further characterized as well as
analyzed by various in- silico analyzing tools. Except a
few, all the 28 NAC genes were found to contain full
coding sequences that were started from methionine and
ended to stop codon. We have analyzed the length of
coding sequences of identified NAC genes in A. annua
to be 186- 1403 nucleotides with 801.3 average lengths
which encode proteins in a range of 61- 430 amino acid
residues with an average 306 amino acids table 1. ORF
in the plus direction, i.e. 5’-3’only was considered.
Characterization of the AaNAC protein by basic local
alignment search tool (BLAST)

Results

The protein sequences were further analyzed by the
BLASTp
program to observe the position and sequence
NAC family members of Artemisia annuasimilarity of NAM domains to other members of
All the 28 NAC genes were extracted from the Plant
Asteraceae family. In this context, the only homologues
Transcription Factor database (PlnTFDB), then translated
were selected for further study, which show more than
Table 1: The gene ID of the NAC transcription factor genes of Artemisia 70% similarity and less than 8% gap against
annua, retrieved from Plant Transcription Factor database, http:// A. annua NAC proteins table 2. 9 NAC
planttfdb.cbi.pku.edu.cn/.
protein sequences from A. annua, out of
S. Accession
Gene
Total
No. of ORF Length of Length of 28 showed highest resemblances with
Helianthus annuus (Accessions No.No. no./gene ID name
length of (s)in 5’-3’ longest
protein
XM_022116662.1, XM_022137133.1,
nucleotide direction ORF(nt) sequence
XM_022141545.1, XM_022117894.1,
1 Aan000926 AaNAC1
918
4
918
305
XM_022121205.1, XM_022184100.1,
2 Aan001843 AaNAC2
1185
3
1185
394
XM_022141545.1 and XM_022161322.1)
3 Aan002468 AaNAC3
1008
3
1008
335
while 5 with Cynara cardunculus
4 Aan006201 AaNAC4
909
4
909
302
(Accessions No.- XM_025122615.1,
5 Aan006361 AaNAC5
873
3
873
290
XM_025131726.1, XM_025114967.1,
6 Aan008548 AaNAC6
645
4
645
214
XM_025138538.1 and XM_025135904.1)
7 Aan009721 AaNAC7
539
1
539
179
and 4 with Lactuca sativa (Accessions
8 Aan010235 AaNAC8
498
3
498
165
No.- XM_023906937.1, XM_023894074.1,
9 Aan010386 AaNAC9
483
2
366
121
XM_023900271.1 and XM_023901052.1)
10 Aan010878 AaNAC10
438
3
438
145
and rest with other members of Asteraceae
11 Aan012884 AaNAC11
210
1
210
69
family (Chrysanthemum morifolium and
12 Aan012975 AaNAC12
192
1
192
63
Achillea asiatica. While orthologues from
13 Aan013239 AaNAC13
236
1
236
79
members of other families besides
14 Aan013749 AaNAC14
1289
1
1289
430
Asteraceae (Cannabis sativa, Cicer
15 Aan014755 AaNAC15
789
2
789
262
arietinum, Cucumis sativus and Jatropha
16 Aan015209 AaNAC16
607
1
607
203
curcas) have also shared sequence
17 Aan015985 AaNAC17
651
1
651
216
similarity with some members of AaNAC
18 Aan016410 AaNAC18
962
1
962
320
proteins. Overall, the alignment was
19 Aan017655 AaNAC19
998
1
996
331
conserved, as the similarity of query and
20 Aan018369 AaNAC20
1005
5
186
61
21 Aan018435 AaNAC21
1251
4
1251
416
subject proteins were found to be maximum
22 Aan018568 AaNAC22
459
2
459
152
near the regions occupied by NAM domains
23 Aan019479 AaNAC23
753
3
753
250
of the NAC protein. On the other hand, two
24 Aan019671 AaNAC24
943
1
853
284
proteins (AaNAC12 and AaNAC21)
25 Aan020678 AaNAC25
816
3
792
263
showed no identity with any homologue
26 Aan020942 AaNAC26
1403
1
999
330
which may be due to lack of full sequence
27 Aan021211 AaNAC27
1267
3
670
226
of the NAC gene.
28 Aan021242 AaNAC28

1113

5

1113

370

Multiple sequence alignment and

Structural and functional characterization of NAC transcription factor genes in Artemisia annua using

phylogenetic analysis of AaNAC trancription factors
Mostly, all the sequences were found to harbour
complete coding regions with presence of single NAM
domain (except AaNAC12 and AaNAC27; as they don’t
contain any signature domain). With the help of motif
finder tools like SMART, CDD server of NCBI, NAM
domain of each NAC protein was extracted. In some
protein sequences, partial NAM domain was also
observed. An average alignment score was obtained Fig.
1. In our study, 26- 137 amino acid long NAM domains
from 26 A. annua NAC proteins were attested. Further,
in some sequences presence of conserved gap regions
(between N- terminus to C- terminus of NAM domain)
were observed which range from 35- 53 amino acid
residues in length. In AaNAC9, AaNAC26 and
AaNAC27 only residual sequences on C-terminus end
of the signature motif was present.
As shown above, to find out the phylogenetic
relatedness amongst different NAC genes of Artemisia
annua (AaNAC1- AaNAC28), all the deduced
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sequences were subjected to multiple sequence alignment
(including AaNAC12 and AaNAC27 also). Phylogenetic
tree constructed by employing Mega 6.0 with 1000
bootstraping revealed two main clusters which are
designated as Cluster “A” and “B”, containing 26 and 2
AaNAC proteins, respectively Fig. 2. Major cluster “A”
was again splited into 2 sub-clusters viz, A (i) and A (ii)
harbouring 16 and 10 AaNAC proteins, respectively.
Overall, whole tree was divided into 7 subgroups, in which
1- 6th group was devoted to major cluster “A” and 7th to
cluster “B”. Further, major cluster “B” was not divided
into any sub- cluster as it formed a distinct clad having
only 2 AaNAC proteins namely AaNAC7 and AaNAC25.
The relatedness and dissimilarities among different
members of AaNAC proteins was also assessed by
employing circos visualization tool. In this study,
significantly shorter sequences like AaNAC9, AaNAC10,
AaNAC11, AaNAC12, AaNAC13 and AaNAC22 were
automatically neglected by the default parameters of
circos algorithm Fig. 3.

Table 2: Output of 28 NAC proteins of Artemisia annua by BLAST analysis.
S. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Gene name
AaNAC1
AaNAC2
AaNAC3
AaNAC4
AaNAC5
AaNAC6
AaNAC7
AaNAC8
AaNAC9
AaNAC10
AaNAC11
AaNAC12
AaNAC13
AaNAC14
AaNAC15
AaNAC16
AaNAC17
AaNAC18
AaNAC19
AaNAC20
AaNAC21
AaNAC22
AaNAC23
AaNAC24
AaNAC25
AaNAC26
AaNAC27
AaNAC28

Similarity with plant species
Helianthus annuus
Lactuca sativa
Helianthus annuus
Lactuca sativa
Lactuca sativa
Cannabis sativa
Cynara cardunculus
Helianthus annuus
Helianthus annuus
Lactuca sativa
Achillea asiatica
Achillea asiatica
Helianthus annuus
Cynaracardunculus
Cucumis sativus
Cynaracardunculus
Artemisia annua
Helianthus annuus
Helianthus annuus
Jatrophacurcas
Helianthus annuus
Chrysanthemummorifolium
Cicerarietinum
Cynaracardunculus
Cynaracardunculus
Helianthus annuus

Accession No.
XM_022116662.1
XM_023906937.1
XM_022137133.1
XM_023894074.1
XM_023900271.1
XM_030641236.1
XM_025122615.1
XM_022141545.1
XM_022117894.1
XM_023901052.1
KX722453.1
KX722453.1
XM_022121205.1
XM_025131726.1
XM_004150332.2
XM_025114967.1
KX082975.1
XM_022184100.1
XM_022184100.1
XM_012223876.2
XM_022141545.1
HQ317452.1
XM_004493081.3
XM_025138538.1
XM_025135904.1
XM_022161322.1

Similarity %
77.12%
85.11%
81.50%
83.60%
82.07%
73.52%
81.84%
85.92%
78.82%
83.40%
96.02%
96.20%
76.01%
88.53%
71.19%
82.92%
98.84%
83.93%
83.39%
90.57%
81.42%
97.22%
78.46%
83.40%
80.04%
75.96%

E-Value
1e-125
0.0
0.0
1e-179
3e-111
5e-28
8e-100
2e-121
5e-67
3e-59
8e-86
6e-78
5e-170
2e-88
2e-21
1e-148
0.0
2e-114
2e-139
1e-07
5e-168
0.0
3e-36
0.0
2e-104
3e-52

GAP
6%
0%
2%
0%
2%
2%
0%
0%
1%
0%
0%
0%
4%
0%
0%
0%
0%
0%
1%
1%
2%
0%
2%
2%
1%
8%

Nidhi Rai et al.

Distribution analysis of regulatory ciselements in members of AaNAC genes
in Artemisia annua

Fig. 1: Multiple sequence alignment (MSA) of different Artemisia annua NAC proteins.
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Analysis of distribution patterns for
various cis- regulatory DNA binding
elements in AaNAC proteins was studied
by employing various online applications like
the PLACE and Plant Care. Majority of the
cis- elements were found to be located on
the C- terminus of NAC members with an
average length of 6-8 nucleotides. Since
pertaining to this study, only plus sequences
were taken in consideration, thus the
elements were not omnipresent in all 28
members. Only, CAAT regulatory box was
present in all the 28 NAC genes (except
AaNAC2) Fig. 4.
Besides, CAAT other regulatory
conserved box were found across the A.
annua NAC genes such as CAT, TATA,
TAC and TCA, etc. Proceeding in this way,
presence of other transcription factor binding
conserved motifs was attested such as G
(CACGTG), W [(T)TGAC(C/T)], P- and H
(DExD/ H) box which are known to involve
in plant development as well as in metabolism
and stress responses. In AaNAC proteins,
we have enlisted Transcription recognition
and binding sites like MYB, MYC, ARE and
others (not shown in table) at C- terminal
end which reveals the interdisciplinary role
of NAC protein in plants. The conserved
motifs like WUN (wound responsive
element), GATA and TCC were also present
as regulatory proteins in some of the NAC
proteins of A. annua.
Sequential analysis of conserved motis
in AaNAC protein of Artemisia annua
Motif distribution depicted by the MEME
tool is shown in Fig. 5, which informs the
location wise arrangement of some of the
conserved domains found in NAC proteins.
Out of 28 AaNAC proteins, these domains
were significantly found only in 19 members
(absent in AaNAC7, AaNAC9, AaNAC10,
AaNAC11, AaNAC23, AaNAC24,
AaNAC26, AaNAC27 and AaNAC28).
As we requested only 10 motifs, out of
which motif 1st and 2nd were found to harbor
the NAM domain and present only in 17
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Fig. 3: Circos diagram to show Comparative analysis of similarities and differences in Artemisia annua NAC protein (AaNAC)
among different members of Artemisia annua.

NAC proteins. In some AaNAC proteins, such as
AaNAC5, AaNAC6, AaNAC7, AaNAC13 and
AaNAC21 there is gap between 1st and 2nd motif which
denotes the addition of extra amino acid sequences during
the course of evolution. Significant variations were
observed in the conserved motifs, located at the Cterminus of of the proteins.
Multilevel consensus sequence for theseconserved
motifs were further analyzed to study some parameters
like motif length and E- Value table 3. Width of all the 10
requested motifs were limited to 18 to 50 amino acid

residue with an average of 33.3 residues. Among these,
motif no 5 and 6 were found to conatin single level of
consensus sequences i.e. there was no overlapping and
differences in the motif, all over its length.
Characterization of physical properties of AaNAC
proteins
Next, physical parameters of 28 AaNAC proteins of
A. annua were studied so far to analyze the characters
such as molecular weight, acidic and/or alkaline
behaviour, hydrophobic and/or hydrophilic nature,
presence of transmembrane domains (if any) and location
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Table 3: Consensus sequence of conserved motifs identification in NAC proteins of Artemisia annua by multilevel motif based
sequence analysis tool.
S.
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Width
37
36
24
50
50
21
48
30
19
18

Multilevel consensus sequence

Evalue
[GR][ED][QK]E[WR][YF]FF[SC][PT]R[DE][RK]KYPNGSR[STP]NRATDSGYWKATG[KL]D[KR]
3.3e-347
[IV][SY]XKSQL[VI]GMKKTLV[FY][YH]RG[RK][AP]PKGE[RK]T[DN]W[VI]MHEYRL
1.8e-304
[SN][AP][GNP][QSV]A[QL][DE][DN][WY]V[LI]C[RK][IV][FY][KHL]K[KSN]G[SG]G[PK]KN
1.8e-064
QKLQPIPVNDFKSAREEEAPLSNDDIEFLHRIIEPEVLPPLPQITEKAKM
5.1e-018
MNDLLGPEPEKCSFDSLSEFDFCQEADAFGSQPFELQPAYMDNLEFGPAN
3.3e-017
G[EA][QK]YGAP[FL][VIN]EEEW[SDE][DE][DE][DE][CIS][LAI][DFS][VC]
2.2e-015
EHEREVQS[DE][PV]KK[DN][DE]FQFNY[IM]D[PS]F[AP]DDAFTPQ[NS]QYYND[FY]QLSPLQDMFM 5.2e-015
LHPP[PS]S[IV]PHHVM[DN]D[GV]F[HN]F[DE][ST]SESVPTL[HQ]TD
1.2e-004
FY[AV]GK[AG][PT]KG[IN]KTNWIMHEY
1.7e-003
QISEME[IV]ETKPKIT[GP]Y[AT]P
1.8e-001

localization of the proteins were done by in- silico analysis
which confers the occurrences of proteins in nuclear
regions, inside the cell.
Table 4: Comparative analysis of basic physical properties of
NAC proteins in Artemisia annua.

Fig. 2: Clustring of Artemisia annua NAC proteins by complete alignment and construction of Phylogenetic tree
choosing 1000 bootstrap value.

of these proteins inside the cell table 4. In this context,
molecular weight of proteins was attested to vary
significantly between 28 members of NAC proteins and
range from 6635.58 to 48659.84D with an average value
of 28611. 43D. on the basis of pI values, the ratio of
acidic and basic nature of NAC proteins were found to
be 50- 50% each. Contrary to this, 2 members i.e.
AaNAC9 (pI value- 6.28) and AaNAC24 (pI value- 6.72)
were seems to be neutral as their Isoelectric point was
near 7.0. Polarity of proteins was estimated by calculating
the hydropathicity values of each member. Results have
revealed that all the 28 members were non- polar in nature
as they have negative values. Lastly, Subcellular

S.
No.

Gene
name

Molecular
weight

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

AaNAC1
AaNAC2
AaNAC3
AaNAC4
AaNAC5
AaNAC6
AaNAC7
AaNAC8
AaNAC9
AaNAC10
AaNAC11
AaNAC12
AaNAC13
AaNAC14
AaNAC15
AaNAC16
AaNAC17
AaNAC18
AaNAC19
AaNAC20
AaNAC21
AaNAC22
AaNAC23
AaNAC24
AaNAC25
AaNAC26
AaNAC27
AaNAC28

34892.03
44304.76
37947.63
34858.05
33863.36
24456.95
20238.33
19253.08
13473.19
17170.75
8183.23
6635.58
9305.65
48659.84
29400.12
23015.05
24596.31
36988.00
38074.14
38277.17
45695.26
17982.40
28339.29
32710.09
29871.03
37189.15
25335.32
40404.19

Isoele
ctric
point
(pI)
5.50
5.40
8.90
5.15
8.22
8.77
9.63
9.37
6.28
9.41
4.71
9.85
4.85
4.53
8.94
9.43
9.21
8.62
4.52
4.98
4.91
9.40
9.40
6.72
5.76
4.83
4.29
4.74

Hydro Trans- Subcepathi
mem
llular
city
brane
locali
value domain zation
-0.812
No
Nucleus
-0.726
No
Nucleus
-0.726
No
Nucleus
-0.797
No
Nucleus
-0.766
No
Nucleus
-0.665
No
Nucleus
-0.733
No
Nucleus
-0.615
No
Nucleus
-0.668
No
Nucleus
-0.614
No
Nucleus
-0.397
No
Nucleus
-0.789
No
Nucleus
-0.665
No
Nucleus
-0.618
No
Nucleus
-0.687
No
Nucleus
-0.732
No
Nucleus
-0.541
No
Nucleus
-0.773
No
Nucleus
-0.804
No
Nucleus
-0.755
No
Nucleus
-0.447
No
Nucleus
-0.788
No
Nucleus
-0.688
No
Nucleus
-0.670
No
Nucleus
-0.830
No
Nucleus
-0.812
No
Nucleus
-0.852
No
Nucleus
-0.534
No
Nucleus
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Fig. 4: Distribution of the regulatory cis-elements across 28 NAC proteins of Artemisia annua.

Discussion
In this report, relationship of Artemisia
was advocated with the other members of
Asteraceae family. By performing local
alignment of AaNAC proteins of A. annua
we attested the close relationship with
Helianthus annus and Lectuca sativa
which reveal the monophyletic origin and
same lineage (Liu et al., 2014). Besides
Asteraceae, other members of different
family have also showed sequence
similarity especially near NAM domain
which attested the evolution from nearby
descendents. In context to relatedness of
28 AaNAC members to each other,
phylogenetic tree was constructed which
clustered the whole query in 7 groups. This
can clearly indicate the homologous nature
of these proteins. During clustering, gap
regions found between NAM domains of
the NAC protein which can play crucial
role in course of evolution. Gap sequences
were conserved in nature thus members
having gaps were seemed to cluster
together in same nearby groups. Gaps
between signature domains of NAC
protein built the tree more conservative
(Shen et al., 2020). In some member there
was a complete absence of any conserved
motif may be due to incomplete N- terminus
or some evolutionary changes occurred
during chasing the environmental
criticalities.
Being multidisciplinary, all the
transcription factors are known to contain
multiple sites for DNA binding elements
which are regulatory in nature (Phillips and
Hoopes, 2008). Cis- regulatory motif
recognition has suggested the presence of
conserved boxes like TATA, CAAT and
TCC in NAC genes of A. annua. This
confirmed the regulatory role of NAC
domain in various biological processes of
plants like transcription and protein
synthesis. Since, all the TFs work in a
complex manner with other such entities
by cross talking thus, presence of such
motifs was also examined in AaNAC
proteins. This kind of synergistic approach
to perform against environmental
harshness by maintaining the primary
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Fig. 5: Distribution patterns and schematic representation of 10 conserved motifs among Artemisia annua NAC proteins
identified by the MEME programme.

metabolic pool is possible by stress responsive TFs like
MYB, WRKY, MYC and DREB. Majority of the
members of AaNAC proteins were found to have such
transcription recognition and binding sites. Next to this
reference, NAC is also known to perform crucial role in
abiotic stress tolerance by regulating the expression of
other stress responsive transcription factors. Such results
were advocated by the presence of WUN, GATA, TGAC,
CGTC box. WUN (wound responsive elements) with its
sequence TCATTACGAA was observed to be
responsible for overexpression of stilbene synthase
enzyme in Vitis pseudoreticulata (Xu et al., 2011).
Besides the role of NAC genes in developmental
processes and biotic stress tolerances, some reports
reveal its major role in abiotic stress like light induced
alterations (Yong et al., 2019). GATA box is also well
reported in maintaining the light induced enhanced
secondary metabolism, thus it is a matter of working
behaviour of NAC and GATA together (Gupta et al.,
2017).
Since, vast variety of TFs is protein in nature thus
their molecular weight is the important physical
characteristic in way of their performance. We have
found the large variations among weight of AaNAC
proteins perhaps due to presence of some partial
sequences in which NAM domains were either totally
absent or only trace region was observed. Same reason

was found behind the values of Isoelectric point and
Hydropathicity indexing. Contrary to this, all NAC
members showed common pattern of results in context
to non- polar behaviour, nuclear localization and absence
of any transmembrane domain. However in some reports
transmembrane domains are attested at both conserved
N- terminus as well as at variable region of the Cterminus domain of NAC proteins (Mohanta et al., 2020).

Conclusion
Functional and physical analysis of AaNAC proteins
revealed the sequential conservation of these transcription
factors at N- terminus, harbouring signature domain i.e.
NAM while high variability was found near regulatory
C- terminus. Significant similarity with other members
(rather than Asteraceae family) argues for the
evolutionary nature and common role of NAC proteins
all over the plant kingdom. Presence of sites for cisregulatory box like TATA, CAAT represented the
fundamental role of NAC in plant primary metabolism
and other developmental processes. On the other hand,
binding affinity of same protein with other stress
responsive TFs like MYB, MYC, ARE and WUN, GATA
revealed the role in potentiate the abiotic stress tolerance.
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