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Introduction 
 

Single nucleotide polymorphisms (SNPs) are 

sequencing-based marker and very 

informative to explore the genetic variation 

that influence the phenotype (Bokharaeian et 

al., 2017). SNP may originated because of 

single nucleotide alternation (deletion, 

insertion or transition and transversion 

substitution) during evolution for adaptation 
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Development of SNPs (Single Nucleotide Polymorphisms) marker is an important step to 

initiate the molecular breeding and genetic based studies. Identification and validation of 

polymorphic SNP will be valuable resource for gene tagging through linkage 

mapping/QTL mapping. In present study, two ecological ecotypes of Arabidopsis thaliana 

i.e. Col-0 and Don-0 exhibited variation at phenotypic level (leaf, flower, siliques and root 

related traits) and genotypic level (SNPs). Out of 500 SNPs, total 365 polymorphic SNPs 

were validated on Sequenome MassARRAY. These polymorphic SNPs would be very 

useful for genotyping of Col-0 and Don-0 mapping population to explore the quantitative 

trait loci for desired trait in future studies. Detailed analysis of selected SNPs gives the 

idea of their distribution in genome includes location with their nature. Location (coding 

and non-coding region) and nature (synonumous and non-synonumous) of SNPs may also 

create the phenotype diversity by regulation of genes in cis and trans regulatory 

mechanism and/or modulation of metabolic process and pathway. Identified non-

synomous deleterious SNPs (G/C) may associate with biomass trait because it encodes a 

plastid-localized Nudix hydrolase that has FAD pyrophosphohydrolase activity (control 

growth and development). In addition, this SNP can alter the protein function by 

controlling riboflavin metabolism, purine metabolism and their related metabolic pathways 

which ultimately may responsible for phenotypic differences. Result suggested that SNP 

may lead phenotypic variability and associate with particular traits. Later, SNPs 

genotyping and QTL mapping would be helpful for candidate gene tagging and marker-

assisted breeding in Arabidopsis. 
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under unfavourable conditions. SNPs are 

distributed throughout the genome i.e. coding 

and non-coding region which may alter 

metabolic pathway processes and lead to 

phenotypic change (Zhou et al., 2012; Zhao et 

al., 2016; Massonnet et al., 2010). SNPs 

presence in non-coding region may alter the 

binding sites of transcription factor, regulator, 

enhancer, silencer, splice sites and other 

functional site for transcriptional regulation 

(Reumers et al., 2007). In coding region, 

SNPs are further categorized into 

synonymous (no change in protein nature) 

and non-synonymous SNPs (alteration in 

protein structure and function) and affect the 

function of protein which can be visualized by 

SNPViz tool (Seitz et al., 2018). In 1001 

Genomes Project, several ecotypes of 

Arabidopsis have been sequenced including 

Col-0 and Don-0 and approximately 711,668 

unique SNPs were identified between these 

two ecotypes of Arabidopsis (Cao et al., 

2011) which can be utilized for diversity 

analysis, allele mining, gene discovery, 

functional genomics or marker assisted 

selections/breeding. Although it is observed 

that SNPs contributed in phenotypic variation 

and were associated with trichome density, 

days to flowering, level of leaf serration in 

Arabidopsis (Lee and Lee 2018). Therefore, 

there is need to identify the association 

between identified polymorphic SNPs with 

particular traits due to presence and 

availability of unique SNPs in genome of 

Don-0. As one report suggested that Don-0 

ecotype contain unique SNPs and identified 

novel active allele associated with trait 

(Mendez-Vigo et al., 2016). Establishment of 

association (SNPs marker and trait) would be 

useful for detection of novel allelic 

contribution involved in phenotypic 

variations, metabolic pathways and processes. 

In present study true SNPs will be validated 

between Col-0 and Don-0 on Sequenome 

MassARRAY followed by detection of 

functional impact of SNPs. In addition to that, 

phenotypic variation of novel and less studied 

Don-0 ecotype of Arabidopsis would be 

explore with widely studied Col-0 ecotype 

which would be further useful for molecular 

biology and genetics studies. 

 

Materials and Methods 

 

Two ecotypes of Arabidopsis i.e. Col-0 and 

Don-0 were chosen for present study which 

located in Columbia and Donana with 

different longitude of -92.3 and -6.36 

respectively (Table 1). Previous research 

suggested that selected ecotypes were 

different at ecological and molecular level 

(Wang et al., 2012; Cao et al., 2011) due to 

their presence in different geographical 

conditions.  

 

Growth conditions and procedure  

 

Col-0 and Don-0 seeds were procured from 

Arabidopsis Biological Resource Centre 

(ABRC), Ohio State University 

(https://abrc.osu.edu/) and grown under the 

glasshouse conditions at CSIR-NBRI, 

Lucknow. Seeds were sown in pot 

commercial soil mix containing soilrite 

(Keltech Energies Ltd., Bengaluru, India) and 

vermiculite (3:1) at 22
0
C with particular 

growth conditions (16 hr light/8hr dark 

photoperiod, 200 μmol m
-2

 s
-1

 light intensity 

and 80% relative humidity). Pots were kept in 

tray (with 1inch of filled Osgrel Somerwhile 

solution media) at 4
0
C for 3 days stratification 

and covered with plastic wrap followed by 

transferred to glasshouse for proper growth.  

 

Evaluation of phenotypic variations 

 

Seeds were germinated and developed in to 

plant under glasshouse conditions. It was 

observed that plants of Col-0 and Don-0 

showed phenotypic diversity. Therefore, 

phenotypic data was recorded between Col-0 

and Don-0 (average of six plants) for some 
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phenotypic traits includes bolting and 

flowering days, differences in leaf 

morphology and structure, trichome density, 

flower diameter, plant height and seed length 

and root related traits etc. 

 

Selection of polymorphic SNP from 

1001genomes  
 

Genome sequence data of Col-0 and Don-0 

ecotypes was available 1001 Genomes-A 

Catalog of Arabidopsis thaliana Genetic 

Variation (http://1001genomes.org/). 

Therefore, the SNP sequence data (working 

variants with reference) was downloaded and 

a set of 100 SNPs were selected from each 

chromosome (total 500 SNPs: almost 

uniformly distribute on the five chromosomes 

of Arabidopsis). In this way, a set of 500 

sequences were extracted for designing SNP 

assay. We retrieved the 200 bases upstream 

and downstream from each of selected SNP 

sites, which were used to design SNP specific 

primers by MassARRAY Assay Design 3.0 

software.  

 

Validation of true polymorphic SNP 
 

DNA was isolated from the leaf of Col-0 and 

Don-0 through DNAzol method 

(manufacture’s protocol; Invitrogen) and 

checked on 0.8% agarose gel using λ DNA 

(Invitrogen, Carlsbad, CA, USA). Extracted 

genomic DNA was normalized to 10 ng/µl for 

further PCR amplification and SNP 

genotyping.  

 

The SNP genotyping was performed on 

Sequenom
TM

 MassARRAY platform 

(available at CSIR-NBRI, Lucknow) using 

iPLEX
TM

 protocol as described by the 

manufacturer (Oeth et al., 2005). True 

polymorphic SNPs were screened between 

Col-0 and Don-0 after peak analysis on 

Sequenom
TM

 MassARRAY platform. SNPs 

exhibited missing data were eliminated for 

further analysis. 

Functional impact of SNPs  

 

SnpEff software (Cingolani et al., 2012) was 

used to annotate the effect of SNPs 

(synonymous and non-synonymous). Gene 

Ontology (GO) and Kyoto Encyclopedia of 

Genes and Genomes (KEGG) have been 

performed for SNPs encoding genes using 

Kobas web server (http://kobas.cbi.pku. 

edu.cn/home.do). Non-synonymous SNPs 

were used for analysis of deleterious SNP on 

the basis of functional effect of amino acid 

substitution on corresponding proteins 

through PANTHER23 (tolerance index score 

of ≤ 0.05; Thomas et al., 2003). 

 

Results and Discussion 

 

Evaluation of phenotypic diversity 

 

Germination rate of Col-0 (100%) was higher 

than Don-0 (66-75%) under glasshouse 

conditions. 

 

It was observed that Col-0 and Don-0 

exhibited variations for several phenotypic 

traits (Figure 1). Col-0 showed early bolting 

(31 days) and flowering (41.3 days) as 

compared to Don-0 (76.3 bolting days and 

85.3 flowering days). At maturity, rosette 

diameter was high in Don-0 (7.7 cm) as 

recorded in Col-0 (10.9 cm). Maximum 

number of rosette leaf was counted in Don-0 

(87 leaves) as compared to Col-0 (63 leaves). 

Rosette leaf length of Col-0 (2.54 cm) was 

less than Don-0 (3.18 cm) but width was high 

(Col-0: 1.88 cm and Don-0: 1.73 cm). 

Trichome density was analysed in mature leaf 

(3 leaf: average of 9 square box of 0.5 cm
2
 

leaf area) which was high in Col-0 (26 

trichomes) as observed in Don-0 (17 

trichomes). In addition, Col-0 exhibited 

serration in rosette leaf margin in contrast to 

Don-0 (smooth leaf margin). Number of 

cauline leaf (stem leaf) was high in Don-0 (93 

leaves) as counted in Col-0 (51 leaves; single 

http://1001genomes.org/index.html
http://1001genomes.org/
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leaf appeared on each node) at maturity. 

Maximum plant height of Col-0 and Don-0 

was measured 33.90 cm, 39.70 cm as 

measured at 69 days, 118 days respectively. 

Flower diameter of Col-0 was large i.e. 0.4 

cm as recorded in Don-0 (0.3 cm). At 

maturity, average silique length (total 36 

siliques: 6 siliques / plant of each ecotype) 

was high for Don-0 (1.4 cm) as compared to 

Col-0 (1.1 cm). Initially root length and 

number of secondary roots of Don-0 (4.9 cm 

and 7.1) was lesser than Col-0 on MS agar 

media (9.1 cm and 15.4) up to 20 days but 

high at maturity. Under soil condition, root 

length and root biomass of Don-0 (26 cm and 

47.7 mg) was high as compared to Col-0 (21 

cm and 13.6 mg) at 121 days. Visualization of 

root hairs under confocal microscope 

interpreted that Don-0 contained high number 

of root hairs.  

 

Validation of polymorphic SNPs 

 

Out of 500 SNP, 365 polymorphic SNPs 

(73%) were successfully screened on 

Sequenom
TM

 MassARRAY platform and used 

for further analysis (list of polymorphic SNP: 

supplementary Table 1). Rest of 27% (135 

SNPs) were not validated between Col-0 and 

Don-0 as detected previously (1001 genome 

project) due to missing data or wrong allele 

call during analysis. During SNP analysis, 

particular SNP primer showed homozygous 

call for both ecotypes for example: peak of 

‘CC’ allele in Col-0 and ‘AA’ allele in Don-0 

(Figure 2). 

 

Classification of SNPs based on their 

impact on gene functionality 

 

Total validated 365 SNPs were annotated and 

classified into three categories depending 

upon SNP impact on gene functionality using 

SnpEff tool (Cingolani et al., 2012). All the 

selected SNPs were classified into three 

classes named as low (8.8 %) moderate 

(12.6%) and modifier (78.6%) SNPs. 

Approximately 20% SNPs (73 SNPs) were 

found in coding region includes synonymous 

(27 SNPs) and non-synonymous (46 SNPs) 

(Table 2).  

 

SNPs code for same nature of amino acid 

(hydrophobic/hydrophilic) through alteration 

of single nucleotide change which showed 

less effect on gene functionality comes under 

low impact synonymous SNPs. We found 

total 27 synonymous SNPs for example: 

leucine-rich repeat receptor kinase 

(AT1G31420), succinate dehydrogenase 

assembly factor 2 (AT5G51040), TATA-

binding related factor (AT2G28230), histone 

acetyl transferase (AT5G50320). 

Interestingly, one of SNP showed start codon 

gain (SNP A/G) effect in 5` UTR of unknown 

gene AT3G26440 which may have some 

specific function and might be involved 

particular molecular pathways or processes. 

In present results, three SNPs (G/A, T/A and 

A/T SNPs) were identified as splice variants 

that effected following genes: polynucleotidyl 

transferase (AT5G61090), LIM proteins 

(AT1G10200) and ubiquitin-specific protease 

8 (UBP8; AT5G22030). These splice variants 

might play role in diversity as it could lead to 

production of multiple proteins of different 

functions. 

 

Non-synonymous SNPs were observed under 

the moderate type of impact on gene 

functionality which altered the protein 

structure and function (due to change in 

amino acid; hydrophobic to hydrophilic and 

vice versa) by nucleotide substitutions. 

Although, aspartyl protease family protein 

(AT5G48430) contained T/G non-

synonymous SNP and change Lysine to 

Asparagine amino acid at 202 position 

(Lys202Asn). It was investigated that 

missense non-synonymous SNPs were found 

in phloem protein 2-B1 (AT2G02230, F-box 

domain, C/A SNP) and putative transcription 
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factor -MYB59 (G/C SNP; AT5G59780) 

which altered amino acid Val116Leu and 

Phe191Leu correspondingly.  

 

Maximum number of SNPs (222 SNPs: 61%) 

were lies in upstream region followed by 

downstream region (35 SNPs) found in 

modifier class. In modifier class SNPs affects 

the gene functionality due to presence in 

binding site of transcription factors (upstream 

region: promoter) and miRNA (5` and 3` 

UTR). A/T-SNP was identified in 5` and 3` 

UTR that encode UDP-glucosyl transferase 

71C1 (AT2G29750) and Chromatin 

Assembly Factor-1 (AT5G64630) which is 

involved in metabolic process of the shoot 

and root apical meristem (Kaya et al., 2001). 

The Homeobox-leucine zipper family protein 

(HD-ZIP IV; AT1G05230) was found in 

modifier SNP (G/T) related to trichome 

development (Marks et al., 2009).  

 

In addition to that upstream region SNP (T/C) 

encodes CLAVATA1-related receptor kinase-

like protein (AT4G20270) and C/T SNP was 

found in gene SNF1-related protein kinases 

(SnRK2; AT3G50500) which control leaf 

morphology (DeYoung et al., 2006), root 

growth and seed germination (Fujii et al., 

2007) correspondingly. Downstream SNP-

C/T and upstream SNP-G/T were consist of 

ACTIN-RELATED PROTEIN6 (ARP6: 

chromatin-remodeling complex, AT3G33520) 

and zinc finger domain (AT2G33835) 

respectively that regulate flowering in 

Arabidopsis (Choi et al., 2005, 2011).  

 

Gene ontology and KEGG analysis 

 

Annotations of selected SNPs would provide 

a valuable resource for investigating specific 

processes, functions, and pathways 

underlying variations between Col-0 and 

Don-0. Alteration of pathways and molecular 

processes might be combination of 

alleles/SNPs and their position on genome 

which lead phenotype or traits modifications. 

Gene ontology and pathway analysis of SNP 

containing genes were conducted using 

KOBAS server. All genes were assigned to at 

least one term in GO molecular function, 

cellular component and biological process 

categories with best hits (Figure 3). All 

selected genic SNPs were further classified 

into 42 functional subcategories, providing an 

overview of ontology content. However, 

cellular component was most highly 

represented groups (GO term: 246) followed 

by biological process (GO term: 143) and 

molecular function (GO term: 91). In cellular 

component category, cell and cell parts were 

the most highly represented functional 

subcategories which may involved for 

variations of biomass between both plants. 

Cellular process, metabolic process and 

binding, catalytic activity were dominating 

functional subcategories of biological process 

and molecular function respectively which 

might be involved for phenotypic variation of 

Col-0 and Don-0. Therefore, GO terms served 

as indicators of different biological and 

cellular processes takes place in cells of plant. 

As a result, It was found that 8 genes showing 

significant enriched GO term i.e response to 

stress (P value <0.05) which are following 

AT2G01440, AT1G35515, AT4G36150, 

AT1G33590, AT5G59780, AT5G58670, 

AT3G05640, AT2G35000 (Figure 4). 

Pathway-based analysis was performed for 

same set of SNPs sequences using the KEGG 

pathway database to identify metabolic 

pathways in which eight genes were 

participating under nine pathways for 

example: glutathione metabolism, riboflavin 

metabolism, N-glycan biosynthesis, 

homologous recombination, ribosome 

biogenesis in eukaryotes, purine metabolism, 

RNA transport, plant hormone signal 

transduction and metabolic pathways. Three 

genes (AT2G42070, AT4G30910 and 

AT1G16900) were involved in metabolic 

pathways followed by two genes in 
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glutathione metabolism (AT4G30910 and 

AT2G29460). Therefore, further study was 

focus on these genes. PANTHER (Protein 

analysis through evolutionary relationships) 

was used to categorized these SNPs into 

tolerable and deleterious based on tolerance 

index score of ≤ 0.05 and found that genes 

containing SNP: AT4G30910 (SNP G/C), 

AT5G41190 (T/C), AT2G29460 (A/G) and 

AT1G16900 (G/T) were tolerant except 

AT2G42070 (G/C) which was deleterious 

non-synonumous SNP. Interestingly it was 

observed that AT2G42070 gene was involved 

in multiple pathways includes riboflavin 

metabolism (Figure 5), purine metabolism 

and metabolic pathways (supplementary file 

1). Due to nucleotide substitution of non-

synonumous SNP, amino acid alteration takes 

place from polar to polar AA (Tyr62His and 

Ser192Tyr), hydrophobic to hydrophobic AA 

(Ile90Val) and polar to charged AA 

(Gln494Glu) indicated four tolerable SNPs. 

Deleterious non-synonumous SNP 

AT2G42070 (G/C) showed Thr28Ser AA 

change with P-Value: 0.02 (score: 0.00) that 

can affect the protein function which encodes 

a plastid-localized Nudix hydrolase that has 

FAD pyrophosphohydrolase activity (Maruta 

et al., 2012). 

 

Table.1 Basic information of Col-0 and Don-0 ecotypes 

 

Descriptions Information of selected ecotypes 

Name  Col-0  Don-0  

Ecotype ID  6909 9944 

CS Number  CS76778  CS76411  

Country  United States of America (USA)  Spain  

Location  Columbia Donana 

Latitude  38.3 36.83 

Longitude  -92.3 -6.36 

Sequencing year  2000 2010 

Sequenced by  Gregor Mendel Institute of 

Molecular Plant Biology (GMI)  

Max Planck Institute for 

Developmental Biology (MPI)  

 

Table.2 SNPs distribution and their mode of action 

 

SNP effect Location and nature of SNP count 

Low splice_region_variant 1 

5_prime_UTR_premature_start_codon_gain_variant 1 

splice_region_variant&intron_variant 3 

synonymous_variant 27 

MODERATE missense_variant (non-synonymous) 46 

MODIFIER intergenic_region 2 

 non_coding_transcript_exon_variant 3 

 5_prime_UTR_variant 5 

 3_prime_UTR_variant 20 

 downstream_gene_variant 35 

 upstream_gene_variant 222 

Total  365 
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Fig.1 
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Fig.4 

 

 
 

Fig.5 
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Supplementary Fig.1 

 

 
 

Supplementary Fig.2 
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In present study, phenotypic diversity hasve 

been explored between Col-0 and Don-0 

under glasshouse conditions. Although, 

bioinformatically detected in-silico SNPs 

were also validated through wet-lab 

experiments on Sequenome MassARRAY. 

Successfully identified and polymorphic 

SNPs (365 SNP) might be associated with 

particular phenotypic traits that can regulate 

metabolic pathway and processes as analysis 

predicted. However, phenotypic traits were 

analysed between Col-0 and Don-0 which 

showed visual variations for rosette size, leaf 

structure, morphology, trichome and root 

traits, flower size, flowering days, bolting 

days and silique related traits. In addition, 

genetic variations were also detected between 

Col-0 and Don-0 which has been explored 

through SNP markers screening. We can 

hypothesized that these SNP may govern 

particular traits directly (cis-regulation) or 

indirectly (trans-regulation) depending upon 

their location within genome. 

 

After annotation through SnpEff tool 

(Cingolani et al., 2012), maximum number of 

SNPs were located in non-coding region 

(hetero-chromatin, as explained in Table 2) 

that may associated with epigenetic 

contribution of DNA methylation, histone 

modifications and gene expression which 

would lead epigenetic regulation of 

phenotypic variations (Fujimoto et al., 2012; 

Groszmann et al., 2011; Shen et al., 2012; 

Zhu et al., 2016; Zhu et al., 2017). Non-

coding region may also involve indirectly for 

phenotypic variation by regulation of protein 

binding factor (transcription factor and 

regulator) on promoter binding (upstream 

region). In previous studies, SNP 

polymorphism is also reported in promoter, 

UTRs that regulates gene expression which 

create natural morphological variations 

(Guyon-Debast et al., 2010). Presence of 

SNPs in 5` UTR or 3` UTR, intronic region 

and splice site may affects the mRNA 

stability and translation that leads the 

different protein and consequently altered 

phenotypic traits (Gardner et al., 2016; Zhao 

et al., 2016; Rodgers-Melnick et al., 2016). 

For instance, candidate drought-QTL of 

Arabidopsis was associated with two SNPs 

found in 5` UTR and promoter of same gene 

i.e. AT5G0425 (Bac-Molenaar et al., 2016). 

 

Phenotypic variation between Col-0 and Don-

0 for shoot, root biomass traits might be 

existence of two SNPs in UTR region that is 

UDP-glucosyl transferase 71C1 

(AT2G29750; SNP A/T) and Chromatin 

Assembly Factor-1 (AT5G64630; SNP A/T) 

related to shoot, root traits (Kaya et al., 2001). 

Less number of trichome (mature leaf) and 

poor seed germination of Don-0 (as compared 

to Col-0) may associate with SNP G/T of 

Homeobox-leucine zipper family protein 

(AT1G05230: HD-ZIP IV) and SNP C/T of 

SNF1-related protein kinases (SnRK2: 

AT3G50500) genes correspondingly or their 

interactions with other regulatory elements. 

However, HD-ZIP IV and SnRK2 genes 

regulate trichome development and seed 

germination, dormancy respectively (Marks et 

al., 2009; Nakashima et al., 2009). Although, 

SNP (T/C) encodes CLAVATA1-related 

receptor kinase-like protein (AT4G20270) 

which play role in development of leaf shape, 

size and symmetry (DeYoung et al., 2006) 

and might be correlated for variation in leaf 

morphology between Col-0 and Don-0. 

Downstream gene variant (SNP C/T) of actin-

related protein 6 (ARP6: chromatin-

remodeling complex, AT3G33520) may alters 

the expression of FLC, MAF4, MAF6 genes 

by histone acetylation and methylation of the 

FLC chromatin in Arabidopsis (Choi et al., 

2005). As previous research suggested that 

C/T transition led to distorted and unstable 

hairpin structure of miRNA (Singh et al., 

2017) which play important role in the post 

transcription regulation of gene expression. 

The Zinc finger domain (AT2G33835; SNP 
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G/T) might be responsible for delay flowering 

of Don-0 because it acts with FRI to repress 

flowering (Choi et al., 2011).  

 

Occurrence of SNPs in coding regions may be 

responsible for particular phenotype 

(Keurentjes et al., 2007; Zhou et al., 2012) of 

Col-0 or Don-0 by altering gene product, 

proteins and metabolites. Don-0 exhibited 

slow growth (less root length and shoot 

biomass in early stage of life) which might be 

regulation of coding synonymous SNP (G/T) 

which encode histone acetyl transferase 

(AT5G50320) because this gene reduced cell 

division rate that may lead reduced plant 

growth (Fina et al., 2015). However, splice 

region SNPs were also identified 

(polynucleotidyl transferase, LIM proteins, 

ubiquitin-specific protease 8) which may 

introduced premature termination codon by 

creation of new splicing branchpoint (Guyon-

Debast et al., 2010) that would be resonsible 

for diversity or may create new phenotype.  

 

Coding synonymous SNP (T/G) of TATA-

binding related factor (AT2G28230) may 

altered mRNA stability (Duan et al., 2003; 

Capon et al., 2004) and gene expression 

through RNA polymerase II transcription 

mediator activity. Identified Leucine-rich 

repeat receptor kinase, succinate 

dehydrogenase assembly factor 2 involved in 

cell wall biosynthesis and root elongation 

(Torii 2004). These coding synonymous SNP 

may have some effect on appearance of 

phenotypic diversity because of their 

occurrence in expressed region. Non-

synonymous SNP highly affects the 

phenotype (Ramensky et al., 2002) due to 

change in protein structure and confirmation. 

However, non-synonymous SNP (G/C) was 

identified in putative transcription factor-

MYB59 (AT5G59780) that expressed in 

leaves and seedlings which is also known for 

alternatively generated spliced transcript 

(Horstmann et al., 2000; Guo et al., 2017) 

that play important roles in many 

developmental processes, defence responses 

of plants (Li et al., 2006).  

 

After analysis it was predicted that, non-

synonymous SNP were involved in multiple 

molecular processes and pathways which 

control phenotypes (Massonnet et al., 2010) 

through regulation of metabolic pathways. In 

present analysis these SNPs were participated 

in selected pathways like metabolic pathways, 

glutathione metabolism, riboflavin 

metabolism, N-glycan biosynthesis, 

homologous recombination, ribosome 

biogenesis, purine metabolism, RNA 

transport, plant hormone signal transduction. 

Therefore, PANTHER tool was used to detect 

the nature of SNPs which regulates specific 

pathways. Later on deleterious SNP was 

identified (AT2G42070) with amino acid 

substitutions of G to C which may altered the 

biological functions of a target protein (Singh 

et al., 2017; Bhardwaj et al., 2016). In present 

investigation, substitution from Isoleucine to 

Valine at position 90 (Ile90Val) may 

associate with particular phenotypic trait as 

predicted in DNA repair genes (Ile658Val: 

DNA double-strand break repair protein 

associated with lung cancer risk; Sakiyama et 

al., 2005). Similar study was performed using 

genome-wide analysis of branched-chain 

amino acid levels (isoleucine and valine) was 

performed using SNP marker and found their 

association with seed traits in Arabidopsis 

(Angelovici et al., 2013). Likewise, non-

synonymous deleterious SNP (may affect 

protein function) carried amino acid 

substitution at position 28 from threonine to 

serine (Thr28Ser) that encodes a plastid-

localized Nudix hydrolase, distributed in 

plastids and has FAD pyrophosphohydrolase 

activity (hydrolyze FAD to produce FMN and 

AMP in plastids; Maruta et al., 2012). Further 

analysis suggested that it regulates the ratio of 

FMN and FAD in whole plant cells and play 

diverse roles in wide range of physiological 
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processes (Ogawa et al., 2008), pathogen 

resistance (Deng et al., 2011). It is previously 

investigated that AtNUDX23 showed FAD 

pyrophosphohydrolase activity in Arabidopsis 

leaves (Maruta et al., 2012) and pea plants 

(plastids and mitochondria, Sandoval et al., 

2008). However, FMN and FAD (part of 

flavoprotein) are essential cofactors for a 

variety of enzymes that involved in several 

metabolic processes and pathways: 

photosynthesis and mitochondrial electron 

transport (Sandoval et al., 2008). 

Furthermore, Photosynthesis and 

photorespiration is very important process for 

plant growth and development which is 

directly associated for high biomass as 

studied in Arabidopsis (Liu et al., 2016; 

Simkin et al., 2017). So further exploration of 

these polymorphic SNP may involve in QTL 

mapping (linkage or association between 

polymorphic marker with traits) and other 

molecular breeding programmes for trait 

improvement. Therefore it would be direct 

contribution to detect the desired candidate 

gene for particular traits. 

 

In conclusion, present study explained the 

significance of SNPs and their annotation 

information using two contrasting ecotypes of 

Arabidopsis thaliana. Nucleotide substitution 

(transition and transversion) would also play 

very important role to regulate the molecular 

process, pathways and phenotypic diversity. 

However, non-coding SNPs (cytosine 

modification) may be associated with 

chromatin modeling (i.e. hetero-chromatin 

and euchromatin by methylation process) for 

their active participation in phenotypic 

variabilty. Identified upstreme and 

downstreme SNPs might be associated with 

regulatory phenomenon of genes which will 

control the expression of concern genes 

through post transcription regulation. SNP 

containing gene involved in particular 

metabolic pathway and process may be 

responsible for phenotypic differences. 

Coding synonymous and non-synonymous 

SNPs governed the transcript and protein 

diversity which ultimately regulate 

metabolomics and lead phenotypic diversity. 

Further, Fine mapping can predict the closely 

linked loci with phenotypic traits by 

establishment the association of SNPs though 

QTL mapping to detect the contribution of 

active allele/genes. 
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