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Abstract

[bookmark: _GoBack]Plant metallothioneins (MTs) are low molecular weight cysteine rich proteins consisting of a single polypeptide chain with two thiol-rich sites - α and β domain which have a strong affinity to metal ions. Apart from heavy metal detoxification, plants MTs are involved in regulation of essential metals and have been shown to be responsive toward other abiotic stresses. Some plants have evolved physiological and molecular mechanisms like compartmentalisation, sequestration, chelation or exclusion against metal stress. Leucaena leucocephala, a leguminous tree species has heavy metal tolerance and survival ability in inhospitable conditions. In this study, Metallothionein type II (LlMTII) gene was isolated from L. leucocephala and cloned. Sequencing revealed the Open Reading Frame of 228 bp in length which encoded putative protein composed of 75 amino acids with a molecular mass of 7.671 kDa and theoretical pI of 4.90. Negative GRAVY number indicated hydrophilic nature of the protein, aliphatic and instability indices showed unstable nature in in-vitro conditions. LlMTII belonged to p1 sub-family of Metallothioneins and 3D modeling showed two Cys-rich domains with a long Cys-free linker of about 44 aa. It exhibited association with various abiotic stress transcription factors. Multiple sequence alignment and phylogenetic analysis also showed high level of similarity in the conserved domains especially Cys residues with many species (both Monocots and Dicots). It helps us to better understand the role of LlMTII gene in heavy metal detoxification and conferring tolerance to other abiotic stresses.
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Introduction
Abiotic stress develops when a non-living or an environmental factor interacts with the plant and affects them a negative manner. Such environment factor includes: temperature (low or High), salinity, heavy metals, pollutants, nutrients/mineral toxicity, drought- water stress and water logging- excess watering. Abiotic stress impacts the plants growth and development and productivity and seed quality. Heavy metal toxicity is a highly significant problem in the ecological, evolutionary, nutritional and environmental milieu. Common heavy metals found in the earth’s crust are Zinc, Copper, Cobalt, Arsenic, Cadmium, Chromium, Lead, Mercury, Nickel etc. out of which the most dangerous mechanisms like compartmentalisation, sequestration, chelation or exclusion against metal stress.[1] Metallothionein protein seems to be the most effective role in metal chelation and detoxification.
Metallothioneins (MTs) are a class of low-molecular-weight cysteine rich proteins that have a high binding affinity to metals via the thiol groups. The spatial structure of MTs contains a dumbbell like shape with two distinct domains namely alpha and beta, α and β respectively. These domains contain many tetrahedral metal-Cys units in their core cluster. The core cluster of each domain have different metal affinity and reactivity. For instance, the C-terminal α-domain is responsible for tight binding and sequestration of toxic metals [2] [3] whereas the N-terminal β –domain helps in homeostasis of essential heavy metals. [4] [5] There is a spacer region that is helpful in linking the two domains and thereby contributing in stability of the MT proteins [6] and also helps in detoxification function. [7] [8]
[bookmark: _Hlk191724079][bookmark: _Hlk166931091]Metallothioneins are believed to have a number of physiological functions. The highly conserved nature of MT genes suggests their important functions like heavy metal detoxification, homeostasis of essential metal ions, protection against oxidative damage and defence signalling via ROS (Reactive Oxygen Species) sequestered by MTS through complexation with the thiol group of the cysteine-rich motifs. Many studies revealed that over-expression of metallothioneins in heterologous systems enhance stress tolerance to metal, oxidative, salinity, carbonate stress, drought stress and decreased production of reactive oxygen species, hydrogen peroxide. [9] [10] [11] [12]
[bookmark: _Hlk191724606]Plant MTs contain large residues of cysteine arranged in characteristic motifs and have low molecular weight of 4 to 8 kDa [4] localised in Golgi Apparatus. Plant metallothioneins belong to family 15 in metallothionein classification. [13] They are subdivided into 4 categories: Type I, Type II, Type III and Type IV based on the spatial and temporal expression pattern in different tissues and also their different domain structure. Type-I contains Cys-Xaa-Cys motifs (Xaa represents another amino acid)disturbed between two domains. Almost all Type-1 MTs has two domains separated by 40 amino aa residues which including aromatic amino acids. They are primarily expressed in roots.[14] [15]In metallothionein type III, only 4 cysteine residues are present in the N-terminal. At the C-terminal domain, 6 cysteine residues are arranged in Cys-Xaa-Cys motifs separated by 40 amino acids and are mainly expressed in ripening fruits like kiwi [16] and banana.[17] Type IV metallothionein was the first MT to be isolated from dry wheat embryos [19]. It contains 8-10 aa in the N-terminal domain and have 3 Cys-rich domains with 5-6 conserved Cys residues. They have higher expression in seeds.[18]
Type-II metallothionein proteins contains two Cys-rich domains with approximately 40 aa long spacer regions devoid of any Cys residues. The first two cysteines are present in 3rd and 4th positions of the polypeptide. A Cys-Gly-Gly-Cys motif is present at the N-terminal along with a highly conserved MSCCGGNCGCS domain and at the C-terminal, 3 Cys-Xaa-Cys motif is present.[19].MT2 proteins are generally expressed more in aerial parts of the plants i.e. leaves. However, studies have shown that they are also expressed in flowers and early stages of fruit development and reduces as it ripens [20].In Arabidopsis, it has been shown to have high level of expression in mature root tips.[15] MT2 genes from Brassica juncea were cloned into Escherichia coli and Arabidopsis thaliana and increased Cu and Cd tolerance was observed.[21] Plant metallothioneins not only shows tolerance towards heavy metals but also other abiotic stresses. Asalt and alkali tolerant species is Suaeda salsa whose metallothionein type II geneshowed tolerance towards metal and other abiotic stresses whose metallothionein type II gene showed tolerance towards metal and other abiotic stresses like salt and oxidant stresses in Arabidopsis thaliana [22]. An MT2 like gene was isolated from Citrullus lanatus sp. (wild watermelon), a species which can tolerate a high light stress and severe drought conditions significantly contributing to its survival.MT2 are also effective in combating cold stress [23] and saline stress [24] in Arabidopsis thaliana by mediating the ROS balance in the cytosol. AcMT2s from Kiwifruit were overexpressed in E. coli shows higher tolerance to heavy metals, H2O2 , higher and lower temperature.[25] Overexpression of a type I MT gene from chickpea CarMTI shows increased heavy metal and drought tolerance.[26] In Avena sativa, Cd and Zn stress induces various MT gene expressions in different tissues..[27] MT expression under abiotic stress (H2O2, Low temperature, wounding) was upregulated and silencing the gene led to decreased tolerance to ROS.[28] In rice, OsMT2 expression was upregulated by Cd2+ and drought stress and ROS levels were significantly lowered. Involvement of the Metallothionein gene OsMT2b in Drought and Cadmium Ions Stress in Rice.[29]
Certain species and varieties of plants are capable of up taking soil contaminants like heavy metals and rendering them harmless. Plants from the Brassica family are known to be efficient in absorbing heavy metal from soil. Among the many species which are capable of absorbing heavy metals water, hyacinth (Eichhornia crassipes) has been considered to have the highest tendency. of Another species Prosopis juliflora of the Fabaceae family is also capable of accumulating high concentrations of heavy metal in shoots. Leucaena leucocephala (commonly known as river tamarind or subabul in Indian vernacular) is a tropical, evergreen tree of the Fabaceae family with high biomass, has metal tolerance and survival ability in arid, infertile and metal-contaminated areas. Hence, it can be used for re-vegetation of areas contaminated with metals like lead, cadmium and arsenic.[30] It has been shown to be tolerant to heavy metals such as Cr, Ni and Zn [31] and is bio-accumulator of toxic heavy metals [32]. Apart from its heavy metal tolerance, Leucaena has been known to show tolerance to other abiotic stresses such as drought [33], moderate salinity [34] etc.  In this study, we aim to isolate the metallothionein II gene from Leucaena leucocephala. Sequencing and characterization of the gene and its resulting amino acid was done via bioinformatic tools.
TA cloning method was first developed by T.A Halton in 1990. Taq polymerase enzyme has a unique property called terminal transferase activity. During PCR, it adds adenosine to 3́ end of the amplicon totally independent of the template or primers.[35] This property of thermophilic polymerases was taken advantage by adding a T-overhang to the plasmid vector by using Taq DNA polymerase and dTTP.[36] Traditional TA cloning using vectors like pTZ57R_T (Thermo Fisher (Fermentas)is restriction and ligase enzyme dependent whereas in TOPO-TA cloning, it is not, thereby making it a more efficient method. Invitrogen’s TOPO® cloning technology utilizes the activity of DNA topoisomerase I which acts both as a restriction enzyme and as a ligase.[37]


Materials and Method
1. Isolation of Metallothionein-II gene from Leucaena leucocephala

1.1. Plant material (Leucaena leucocephala): In the present study, Leucaena leucocephala K-363 variety was used. The germplasm of Leucaena leucocephala K-363 was maintained in the green house, Department of Genetics and Biotechnology, Osmania University, Hyderabad.
1.2. Isolation of RNA and cDNA synthesis: Two-week-old plant of Leucaena leucocephala K-363 variety was treated with 500mM CuSO4.5H2Ofor 18-24 hours to induce the expression of metallothionein mRNA and whole RNA was isolated using the Trizol Method. cDNA conversion was done using Thermo Scientific™ RevertAid First Strand cDNA Synthesis Kit.
1.3. Primers: Metallothionein Type II primers (PjMTII primers) were designed from complete cds of MTII gene of Prosopis juliflora available on NCBI Database (Accession No. EU447158) using OligoAnalyzer™ Tool. Blast analysis was done with Leucaena leucocephala cDNA similar to type 2 metallothionein (partial cds) (Accession No. HS977115) and showed 83% similarity to Prosopis juliflora MTII sequence. 
1.4. PCR of cDNA with PjMTII primers: PCR of the Leucaena cDNA was performed with the primers designed from Prosopis [(94℃,4 min), (94℃,30 sec), [(58℃,30 sec), (72℃, 30 sec), (72℃,4 min); 35 cycles]. The results were checked on 1.2 % Agarose Gel Electrophoresis with Ethidium Bromide staining.

1.5. Elution and Sequencing: Bands that were observed on gel was eluted with Thermo Scientific™ Gene JET Gel Extraction Kit.
The eluted sample was sequenced and a partial sequence was obtained and run through the NCBI BLAST (Basic Local Alignment Search Tool) (https://blast.ncbi.nlm.nih.gov/Blast.cgi)

1.6. Cloning of LIMTII gene: T/A Cloning of the LlMTII gene was done with Invitrogen TOPO® TA Cloning® Kit. Competent E. coli TOP10 cells was transformed with the ligated vector (TOPO+LlMTII) using 100mM CaCl2 and heat shock method (42℃). The transformed cells were spread onto LB Agar plates which contains 100mg/L ampicillin for selection and kept overnight at 37℃ and observed for single colonies.

1.7. Confirmatory tests: Single colonies that developed were inoculated into LB broth (Amp. 100mg/L) and grown at 37℃ overnight.

1.7.1Colony PCR: Taking the culture as template, PCR was performed using PjMTII primers [(94℃,4 min), (94℃,30 sec), [(58℃,30 sec), (72℃, 30 sec), (72℃,4 min); 35 cycles]. Results were checked on 1.2% agarose gel (EtBr staining).

1.7.2Isolation of recombinant TA-PCR 2.1 TOPO-MT plasmid and PCR Analysis: Plasmid from the positive colonies were isolated using Thermo Scientific™ GeneJET Plasmid Miniprep Kit. PCR reaction was done with the isolated plasmid as the template using PJMTII primers and M13 vector primers.

1.7.3 Restriction Digestion of Isolated Plasmid Samples: Two types of restriction digestion were performed. A single digestion nusing EcoRI restriction enzyme incubated overnight at 37℃ and a double digestion with Fast Digest HindIII and XhoI enzymes incubated for 15-20 minutes in 37℃. Digested samples were checked on 1% Agarose gel. The recombinant plasmid was sequenced using M13 primers.

2. In silico Analysis of LlMTII including comparative analysis with other plant metallothionein II genes
2.1 Protein Sequence parameters, Motif and Conserved Domain analysis, Predicted 3D structures and stability
TheLIMTIIgene sequence is converted into corresponding peptide sequence by EMBOSS Transeq(https://www.ebi.ac.uk/Tools/st/emboss_transeq/).The resulting polypeptide sequence was run through ProtParam tool (https://web.expasy.org/protparam/)to calculate various physical and chemical parameters like number of amino acids, molecular weight,isoelectric point (pI),GRAVY (grand average of hydropathy), amino acid composition, instability index and aliphatic indices.Motif analysis was done using MEME (Multiple Expectation Maximization for Motif Elicitation)online tool (https://meme-suite.org/meme/). Using translated amino acid sequence, a 3-D model of the protein was constructed usingSWISS-MODEL tool (https://swissmodel.expasy.org/).Protein stability was checked using Ramachandran plot. Transcription factor associated with LlMTII was analysed using plant transcription factor database (TFDB) (https://planttfdb.gao-lab.org/). 
2.2 Comparative Analysis: Thirteen plant species were chosen according to various parameters including Arabidopsis thaliana as a model plant and individual BLAST analysis was done using LlMTII sequence as query in Phytozome database (https://phytozome-next.jgi.doe.gov/).MEGA v10.0 tool was used for Multiple Sequence Alignment of the chosen cds. Multiple sequence alignment was done choosing one amino acid sequence from each species that had lowest e-value and highest similarity and alignment length. Neighbour-Joining method with 1000 bootstrap replicates (Kumar et al., 2018)using MEGA v10.0 software was used to construct a phylogenetic tree with nucleotide sequences of cds of the 13chosen species, including all the homologs. iTOL(https://itol.embl.de/) was used to modify it. All fourteen amino acid sequences were run through MEME-Suite 5.5.7 (https://meme-suite.org/meme/)for conserved motif sequences with the following parameters: 10 number of motifs, 2-20 motif sites and 6-20 motif width while the conserved domain analysis was done with NCBI-CDD (https://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml).

3. RESULTS AND DISCUSSION:
3.1. Isolation, Cloning and sequencing of LlMTII: Total RNA was isolated from young
growing leaf tissue of Leucaena leucocephala and then analysed through agarose gel electrophoresis (Fig:2). After cDNA synthesis was done, PCR analysis confirmed that the putative Leucaena leucocephala Metallothionein II gene is approximately 230-250 bps in size (Fig:3).
3.2Sequencing of the PCR product: The eluted bands were sequenced and a partial
sequence was obtained and run through NCBI BLAST.
 (
ACAGNCGGGTGCAGTGGCGGGCAATGGGATGTGGGCGGTTGCAAGATGTACCCAGATTTGAGCTACACCGAGCAGACAACCACTGAAGACTCTGGTTATGGGAGTCAAACCGGAGAAGGCTCACTTCGAAGGAGCCGAGATGGGCGAAGCCGCTGAGAATGGCTGCAAGTGCAACCCCTGCACATGCAACCCCTGCNAACTGCAAGTGAAAAC
)Forward Sequence:




 (
CTTGGGGTGCTTGCTAACCATTCTCAGCGGGCTTCGCCCATCTCGGCTCCTTCGAAGTGAGCCTTCTCCGGTTTGACTCCCATAACCAGAGTCTCAGTGGTTGCCTGCTCGGTGTAGCTCAAATCTGGGTACATCTTGCAACCGCCACATCCATTGCCGCACTTGCAGCCGCTACCGCATCCACAGTTTCCACCACAANNNNNNNNNNNNNTA
)Reverse Sequence: 



BLAST Analysis of Forward Sequence shows 85% similarity and Reverse Sequence shows 87% with Prosopis juliflora type 2 metallothionein (MT-II) cds found in NCBI database. Confirmation of the isolated gene as metallothionein II allowed for further experiments.
3.3Confirmation of TOPO T/A+MTII clones: Single colonies were observed on antibiotic selection plates (Fig:4) out of which colony numbered4 and 5gave positive PCR for MTII gene (Fig5). Plasmid isolation of the positive colonies was done by Alkaline Lysis Method (Fig:6). PCR amplification with MTII primers showed positive bands at approximately 230-250 bps. PCR with M13 vector primers showed bands at approximately 400 bps which corresponds with expected size of amplicon (M13FP to M13RP including MTII). Single restriction digestion with EcoRI resulted in release of insert along with 17 bp which does not cause significant change in size resulting in a band approximately 240-260 bp in size. On the other hand, double digestion with HindIII and XhoI results in the release of band size of approximately 300-350 bp. (
Fig 4: Isolated colonies of transformed 
E. coli
 TOP 10 cells on LB Agar with 100mg/L Ampicillin
)
3.4Sequencing data: Recombinant plasmids were sequenced using M13 primers. The overall sequence was run through BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) which shows high similarity with metallothionein sequences in the NCBI database. The resulting sequence when run through an Open Reading Frametool (https://www.ncbi.nlm.nih.gov/orffinder/) yielded two ORFs. ORF 2, when run through BLAST analysis shows similarity with Metallothionein proteins which conclusively led to the result that MTII gene in L. Leucocephala is 228 bp long. The sequence was uploaded to the NCBI database (https://www.ncbi.nlm.nih.gov/)(Accn No.  PP158764).

 3.5. Amino Acid sequence, Protein parameters, Motif analysis and conserved domains: The LlMTII bp sequence was converted to its corresponding peptide with EMBOSS tool and analysis was done using ProtParam tool (Fig.3). This analysis shows cysteine residues to be highest amongst all the other amino acids, congruent with reports that metallothionein is a cysteine rich protein. Presence of 6 cysteine residues in N terminal indicates LlMTII belongs to p1 sub-family. Instability and aliphatic indices show the protein is unstable in in-vitro conditions, a negative GRAVY indicates a hydrophilic nature. 3-D model of the protein, constructed using SWISS-MODEL tool which shows 78.38% similarity with Alpha Fold DB model of Cicer arietnum metallothionein II protein (Q39459.1. A). In the N and C terminal, α and β domains are observed which are rich in cysteine residues. Ramachandran plot analysis shows predicted protein is stable as most of the aa residues are in the allowed region. Transcription analysis shows association with different transcription factors associated with various abiotic stresses(Table No. 3).

3.6. Twelve species were selected based on various parameters for a comparative analysis of the metallothionein type II genes. The sequences that were selected were based on identity percentage (highest) and in case of homologs, sequence with lower e-value was selected (Table:4). Multiple Sequence Alignment shows high conservation of the amino acid cysteine in multiple species as well as the conserved domain at the N terminal which shows the importance of this gene across varied range of species.


4. CONCLUSIONS
Leucaena, a legume, is an invasive species which can thrive in the most adverse conditions and is known for its application in phytoremediation. This study describes the first successful isolation and characterization of Metallothionein II (LlMTII) gene from Leucaena leucocephala. Primers which were designed from another species, albeit closely related, gave amplification of the MTII gene, which can allude to its highly conservative nature. The amino acids sequence especially in the N- and C- terminals also show similarity and conservation. This is also corroborated by the multiple sequence alignment showing conserved domains in the N- and C- terminals of different species even in different classes. From an evolutionary point of view, it shows the importance of Metallothionein II gene and its protein in the detoxification of harmful heavy metals as well as homeostasis of crucial heavy metal ions. It remains to be seen how effective metallothionein II protein of Leucaena is against heavy metal toxicity as compared to other species and study the extent of their role against other abiotic stresses considering its phyto-remedial properties. Furthermore, Genetic regulation of this gene can be a useful tool in fighting against diverse environmental cues in economically and agriculturally important crops.
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Fig 1: pCR®2.1-TOPO® Vector Map
 (Image source: Invitrogen
)
)
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Fig 2: (a) Isolation of total RNA from leaf tissue of 
L. leucocephala
; (b) PCR amplification of 
Ll
 cDNA using MT gene Specific Primers designed from 
Prosopis 
juliflora
 MTII cDNA sequence, Lane 1: 50 bp ladder, Lane 2 & 3: PCR products which is putatively MTII gene; (c) 
Isolated colonies of transformed 
E. coli
 TOP 10 cells on LB Agar with 100mg/L Ampicillin; (d) 
Colony PCR with MTII primers, Lane 1: 1 kb Ladder, Lane 2: Col 1, Lane 3: Col 2, Lane 4: Col 3, Lane 5: Col 4, Lane 6: Col5, Lane 7: Col 6, Lane 8: Col 7
; (e) 
Total Plasmid isolated from colony 4 and 5. Lane 1 & 2: Colony 4, Lane 3 & 4: Colony 5
; (f) 
PCR Confirmation of 
pCR
 2.1 TOPO and MTII recombinant plasmid by PCR amplification
 
with M13 primers, Lane 1: 1 kb Ladder, Lane 2 & 3: Colony 4, Lane 4 & 5: Colony 5; (g) PCR Confirmation of 
pCR
 2.1 TOPO and MT2 recombinant plasmid by PCR amplification
 
with MTII primers; (h) Restriction Digestion Confirmation of the 
pCR
 2.1 TOPO and MTII recombinant plasmid, Lane 1: 
1 
Kb
 Ladder, Lane2: Single Digestion with 
EcoRI
 (Colony 4) (approx. 250+17bp), Lane 3: Single Digestion with 
EcoRI
 (Colony 4) (approx. 250+17bp), Lane 4: Double Digestion with 
HindIII
 and 
XhoI
 (Colony 4) (approx. 250+100bp), Lane 5: Plasmid--Undigested (Colony 5), Lane 6: Single Digestion with 
EcoRI
 (Colony 5) (approx. 250+17bp), Lane 7: Double Digestion with 
HindIII
 and 
XhoI
 (Colony 5 ) (approx. 250+100bp)
)
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 (
Fig
 3
: 
(a) Amino acid composition of Metallothionein II protein. Cysteine content is the highest 
congruent with reports that metallothionein is a 
C
ys
-
rich protein
) followed by glycine. (b)
 3-D model of 
Leucaena leucocephala 
Metallothionein II Protein (with Cysteine residues highlighted in brown)
           
)
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 (
Fig 
4
: Ramachandran Plot of 
Leucaena leucocephala
 
metallothionein II amino acid sequence
ii
)
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 (
Fig
 
5
: 
Transcription factor prediction was done using plant transcription factor database (TFDB) (
https://planttfdb.gao-lab.org/
)
 (a) TFs which interacts with MTII (b) No. of interactions of each TF 
)
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Fig
 
6
: 
(a) 
Phylogenetic tree representing evolutionary relationship of MTII of 14 species including 
Leucaena
 leucocephala
 (b) 
Multiple sequence alignment of amino acid sequence from each species that had lowest e-value and highest similarity and alignment length; Red outlined boxes indicate conserved cysteine residues whereas the black outlined box indicates conserved domains of MTII 
[20]
)
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Fig
 
7
: (a) 
All fourteen amino acid sequences were run through MEME-Suite (https://meme-suite.org/meme/) for conserved motif sequences
, Metallothionein motif is conserved in all of the chosen species. (
b) Conserved domain analysis with NCBI-CDD
)














 (
Table 
1: Primer Data
 (designed from the MT2 
cds
 of 
Prosopis 
juliflora
)
 
)
	Primer
	Sequence
	Length(bp)
	GC content (%)
	Tm (℃)

	Forward Primer
	5́ATGTCTTGCTGTGGTGGA
AACTGTGG 3́
	
26
	
50%
	
61.3

	Reverse Primer
	5́TCACTTGCAGTTGCAGGG
GTTG 3́ 
	
22
	
54.5%
	
60.4


 

 (
Table 
2: Protein Parameters
 of 
Leucaena 
metallothionein II
)
	Sl. No. 

	Parameter
	Result

	1. 
	No. of amino acids 
	75

	2. 
	Molecular weight
	7671.72

	3. 
	Theoretical PI
	4.90

	4. 
	Instability Index
	43.09

	5. 
	Aliphatic Index
	39.07

	6. 
	Grand Average of Hydropathy (GRAVY)
	-0.215












	No.
	Transcription factor
	Function

	1.
	ERF (Ethylene Responsive Factor
	involved in various abiotic stresses including drought, salinity, cold, high temperature, heavy metal toxicity [38]

	2.
	LBD (Lateral Organ Boundaries Domain) 
	regulates H2O2 homeostasis in plants, strengthening drought resistance [39]

	3.
	C2H2
	C2H2 type Zn finger proteins, small peptide domains with a secondary structure stabilized by a zinc ion bound to the cysteine and/or histidine residues of the finger [40]

	4.
	TCP (Teosinte Branched1/
Cycloidea/Proliferating Cell Factor 

	Overexpression causes decrease in drought tolerance, editing and downregulating this gene resulted in higher drought tolerance [41]

	5.
	MYB (Myeloblastosis Viral Oncogene)
	hormone signal transduction, and biotic stress tolerance [42]

	6.
	BES1
	Overexpression of PtrBES1-7 enhances ROS scavenging ability and promote the activity of enzymatic antioxidants such as SOD and POD, contributing to drought tolerance of P. trichocarpa [43]

	7.
	Basic helix-loop-helix (bHLH)
	play important roles in the abiotic stress responses [44]

	8.
	GATA
	GATA (family of zinc-finger DNA-binding proteins that target consensus DNA sequence) (T/A) GATA(A/G)– Drought Tolerance and Response to Gibberellins [45]

	9.
	TALE (Three-Amino-Acid-Loop-Extension)
	Responsive to high and low temperature conditions as well as salinity [46]

	10.
	bZIP (Basic Leucine Zipper Domain)
	also named ABRE (Abscisic Acid-Responsive Elements), binding protein or ABRE binding factor [47]

	11.
	MIKC_MADS
	Involved with hormones and tolerance to abiotic stresses [48]

	12.
	Trihelix
	Imparts tolerance to biotic and abiotic stresses [49]


 (
Table 3
: P
redicted Transcription Factors associated with
 Leucaena
 metallothionein II protein
)









	Sl. No.
	Query Sequence
	
Species
	Code
	Common Name
	Accession No.

	1. 
	LlMTII
	Cicer arietnum 
	CaMT2a
	Chickpea
	Ca_21122

	2. 
	LlMTII
	Cicer arietnum
	CaMT2b
	Chickpea
	Ca_21945

	3. 
	LlMTII
	Glycine max
	GmMT2a
	Soyabean
	Glyma.03G082100

	4. 
	LlMTII
	Glycine max
	GmMT2b
	Soyabean
	Glyma.07G132000

	5. 
	LlMTII
	Glycine max
	GmMT2c
	Soyabean
	Glyma.14G000100

	6. 
	LlMTII
	Glycine max
	GmMT2d
	Soyabean
	Glyma.17G230500

	7. 
	LlMTII
	Glycine max
	GmMT2e
	Soyabean
	Glyma.18G180800 

	8. 
	LlMTII
	Lupinus albus
	LaMT2a
	White lupine
	Lalb_Chr03g0042231

	9. 
	LlMTII
	Lupinus albus
	LaMT2b
	White lupine
	Lalb_Chr07g0194601 

	10. 
	LlMTII
	Lupinus albus
	LaMT2c
	White lupine
	Lalb_Chr12g0210241

	11. 
	LlMTII
	Lupinus albus
	LaMT2d
	White lupine
	Lalb_Chr13g0290951

	12. 
	LlMTII
	Lupinus albus
	LaMT2e
	White lupine
	Lalb_Chr19g0125331

	13. 
	LlMTII
	Oryza sativa
	OsMT2a
	Rice
	LOC_Os01g05650

	14. 
	LlMTII
	Oryza sativa
	OsMT2b
	Rice
	LOC_Os05g02070 

	15. 
	LlMTII
	Sorghum bicolor
	SbMT2a
	Sorghum
	SbiBTX642.03G076700

	16. 
	LlMTII
	Sorghum bicolor
	SbMT2b
	Sorghum
	SbiBTX642.09G014500

	17. 
	LlMTII
	Miscanthus sinensis
	MsMT2a
	Chinese silver Grass
	Misin05G073500

	18. 
	LlMTII
	Miscanthus sinensis
	MsMT2b
	Chinese silver Grass
	Misin06G077500

	19. 
	LlMTII
	Miscanthus sinensis
	MsMT2c
	Chinese silver Grass
	Misin16G006500

	20. 
	LlMTII
	Saccharum officinarum
	SoMT2a
	Sugarcane
	SoffiXsponR570.02Ag071000

	21. 
	LlMTII
	Saccharum officinarum
	SoMT2b
	Sugarcane
	SoffiXsponR570.02Bg029700 

	22. 
	LlMTII
	Saccharum officinarum
	SoMT2c
	Sugarcane
	SoffiXsponR570.02Cg069900

	23. 
	LlMTII
	Saccharum officinarum
	SoMT2d
	Sugarcane
	SoffiXsponR570.02Dg068100

	24. 
	LlMTII
	Saccharum officinarum
	SoMT2e
	Sugarcane
	SoffiXsponR570.02Eg047700

	25. 
	LlMTII
	Saccharum officinarum
	SoMT2f
	Sugarcane
	SoffiXsponR570.02Fg071000

	26. 
	LlMT2
	Cercis canadensis
	CcMT
	Eastern Redbud
	Cecan.7G138500

	27. 
	LlMTII
	Gossypium hirsutum
	GhMT2a
	Cotton
	Gohir.A01G222400

	28. 
	LlMTII
	Gossypium hirsutum
	GhMT2b
	Cotton
	Gohir.A04G082400

	29. 
	LlMTII
	Gossypium hirsutum
	GhMT2c
	Cotton
	Gohir.D01G211900

	30. 
	LlMTII
	Gossypium hirsutum
	GhMT2d
	Cotton
	Gohir.D04G121400


	Sl. No.
	Query Sequence
	
Species
	Code
	Common Name
	Accession No.

	31. 
	LlMTII
	Solanum lycopersicum
	SlMT2a
	Tomato
	Solyc04g058150.2

	32. 
	LlMTII
	Solanum lycopersicum
	SlMT2b
	Tomato
	Solyc06g076140.2

	33. 
	LlMTII
	Solanum lycopersicum
	SlMT2c
	Tomato
	Solyc09g010800.2

	34. 
	LlMTII
	Brassica oleracea capitata
	BocMT2a
	
Cabbage
	
Bol012825

	35. 
	LlMTII
	Brassica oleracea capitata
	BocMT2b
	
Cabbage
	
Bol015273


	36. 
	LlMTII
	Populus deltoides
	PdMT2a
	Eastern cottonwood
	Podel.06G092000

	37. 
	LlMTII
	Populus deltoides
	PdMT2b
	Eastern cottonwood
	Podel.09G030200

	38. 
	LlMTII
	Populus deltoides
	PdMT2c
	Eastern cottonwood
	Podel.11G115300

	39. 
	LlMTII
	Populus deltoides
	PdMT2d
	Eastern cottonwood
	Podel.13G140200

	40. 
	LlMTII
	Populus deltoides
	PdMT2e
	Eastern cottonwood
	Podel.19G106100 

	41. 
	LlMTII
	Arabidopsis thaliana
	AtMt2a
	Thale cress
	AT3G09390

	42. 
	LlMTII
	Arabidopsis thaliana
	AtMT2b
	Thale cress
	AT5G02380



Table 4: Phytozome v13-BLAST sequence similarity of the complete sequence of LlMT2














amino acid composition of LlMTII protein

Percentage	Ala (A)	Arg (R)	Asn (N)	Asp (D)	Cys (C)	Gln (Q)	Glu (E)	Gly (G)	His (H)	Ile (I)	Leu (L)	Lys (K)	Met (M)	Phe (F)	Pro (P)	Ser (S)	Thr (T)	Trp (W)	Tyr (Y)	Val (V)	Pyl (O)	Sec (U)	0.08	1.2999999999999999E-2	0.08	1.2999999999999999E-2	0.16	0	9.2999999999999999E-2	0.13300000000000001	0	0	0.04	6.7000000000000004E-2	0.04	1.2999999999999999E-2	5.2999999999999999E-2	0.08	5.2999999999999999E-2	0	2.7E-2	5.2999999999999999E-2	0	0	


No. of interactions	BES1	bHLH	bZIP	C2H2	ERF	GATA	LBD	MIKC_MADS	MYB	TALE	TCP	Trihelix	8	8	1	22	168	5	49	1	16	4	20	1	
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